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Abstract

STUDIES ON PHOSPHATE USE EFFICIENCY OF WHEAT IN EGYPT.

(A) Genotypic differences in phosphate use efficiency and yield of different wheat cultivars.

Genotypic differences in the efficiency of use of phosphorus and other nutrients in wheat was evaluated in a field

sstudy. The experiment was conducted during the 1991/92 and 1992/93 seasons on a virgin loamy sandy soil (pH 7.9) with

low available phosphorus, in Ismailia, Suez Canal, Egypt. The experiment included 18 modern and tradional Egyptian

wheat varieties (Triticum aestivum L.), and 3 phosphorus levels applied as superphosphate fertilizer. Because of arid

climate, water was applied through sprinkler irrigation throughout the growing period (November to May). Shoot samples

were taken at four developmental stages. Results show that there are substantial differences in phosphorus use efficiency

of wheat. Whereas some of the cultivars produced good biomass and grain yield at the high phosphorus supply level, other

cultivars were depressed even in growth. Biomass production, grain yield, straw yield, number of ears per m2, and the

number of grain per ear differed substantially at different phosphorus levels but there was no major difference in the 1000

grain weight. Wheat cultivars also showed significant differences in their P, K, Ca, and Mg contents.

(B) Root characteristics and vesicular-arbuscular mycorrhiza infection of different wheat cultivars as influenced by

phosphate supply.

Eighteen local wheat cultivars (Triticum aestivum L.) were grown in the field to obtain information about root
characteristcs and vesicular-arbiscular mycorrhiza fungi infection that known to play a role in phosphate use efficiency of
crops. Three different phosphate levels were used, viz., insufficient, sufficient, and excessive, corresponding to 1/3, 1 and
3 times the recommended phosphate application rate in the area. Some root patameters such as root volume, root dry
matter, root length and vesicular-arbiscular mycorrhiza infection rate were measured at three development stages. In
addition, root diameter and root denisty were also measured. Wheat cultivars efficient in phosphorus use have a high root
density in the sub soil region and this is accompanied with a high vesicular-arbiscular mycorrhiza infection rate. Cultivars
showed differences in root morphology and vesicular-arbiscular mycorrhiza infection rate. Some cultivars had a low root
density and vesicular-arbiscular mycorrhiza infection rate and these cultivars exhibited a high phosphorus use efficiency.
This was particularly true with cultivars 14,16, and 18. This information may be useful to plant breeders in their attempts
to breed wheat cultivars efficient in phosphate uptake and use.

1. INTRODUCTION

As world pressures on food production increase, more land with adverse fertility status is

being brought into production. Large areas of this new land are of low phosphorus status. This

coupled with the increased costs of phosphatic fertilizers means that greater efforts need to be made

in increasing the efficiency of utilization of both native and applied phosphorus. Wheat is a major

food grain in the world, and characteristically, wheat selection programmes are undertaken at a

standard fertility level (usually phosphorus non-limiting). On the other hand breeding for nutritional

characters is not common in cereal improvement programms. This may be seen as attributed to

agronomists who have successfully modified the soil environment with fertilizers to suit the plants that

breeders have produced, thus allowing the latter to concentrate on the more pressing problems of

yield, climatic adaptation, quality, and resistance to pests and diseases [1,2]. Earlier work [3,4,5,6]

has shown major varietal differences in response of wheat to phosphorus. Thus, it is probable that

13



the price of phosphorus fertilizer will rise dramatically, and in the future, scarcity of phosphorus will

be a serious problem.

The development of root systems is characterized by a very high adaptability and involves

complex interactions between roots and shoots and between roots and their environment. Root growth

and development is controlled by genetic and hormonal factors. Also, environmental factors such as

the supply of mineral nutrients as well as soil mechanical factors greatly influence root growth.

The distribution of roots in soil profile can be modified by the placement of fertilizers.

Rooting density is reported to increase several fold in zones where the concentration of nutrients

especially nitrogen is high [23]. Placement of phosphorus fertilizers is common and an effective

practice in soils low in readily available phosphorus and in order to ensure a sufficient supply to the

roots especially in the early growing stages when soil temperatures are low in winter [24]. High

rooting density is known to be an important factor in the uptake of nutrients supplied by diffusion

such as phosphorus [25].

Infection of the roots by vesicular-arbuscular mycorrhiza (VAM) fungi has been shown to

improve productivity of numerous crop plants in soils of low fertility [26]. This response is usually

attributed to enhanced uptake of immobile nutrients such as P, Zn, and Cu [25,27,28,29,30,31]. In

soils with adequate levels of these nutrients, VAM fungi may not contribute significantly to plant

growth [24].

Wheat cultivars can benifit considerably from VAM when the availability of soil phosphorus

is limited [32]. VAM is known to increase the phosphorus uptake by plant on phosphorus efficient

soils [33]. This is commonly attributed to extention of the root system by the fine mycorrhizal

hyphae, especially improving plant access to less mobile mineral elements like phosphorus, zinc or

ammonium nitrogen.

The aim of this work was to assess genotypic differences in grain, straw yields and phosphate

use efficiency of 18 wheat cultivars grown under limiting, sufficient, and high phosphorus conditions.

Attempts have also been made to investigate (1) morphological characteristics of roots among efficient

and inefficient cultivars (2) physiological reasons for differences in phosphate use efficiency, and (3)

effect of infection rate and species of VAM fungus on the dry matter and phosphate uptake by

different wheat cultivars.

2. MATERIALS AND METHODS

2.1. Studies on genotypic differences in phosphate use efficiency and yield of different wheat
cultivars.
A field experiment was conducted with wheat (IHticum aestivum L.) at the Faculty of

Agriculture, Suez Canal University at Ismailia. The experiment was a complete randomize block

design with four replicates. Soil samples were collected from each sub- plot (20 m2), at 0-30 cm

depth. Samples were air dried and representative sub-samples were prepared after mixing them

together. Soil chemical characteristics were determined in the saturated soil paste as described in the

US Department of Agriculture handbook [7]. Potassium and sodium were determined by a flame

photometry and calcium bt atomic absorption spectrometry. Total soluble salts were determined by

measuring the electrical conductivity of the saturated water extract (ECe), and total carbonate was

estimated volumetrically by means of Collin's calcimeter and calculated as calcium carbonate

(Appendix Table I).
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The experimental field has not been fertilized with P because the area had not been cultivated

for at least 30 years. Available phosphate was extracted according to Olsen and Sommers [8], and

determined colorimetrically [9] with molybdo-vanadate method. Before sowing, K fertilizer was

added in single applications of K2SO4 at a rate of 100 kg ha ' and phosphate fertilizer was added as

superphosphate (15.5% P2O5) in three levels viz., 8.3, 25 and 75 kg P ha1 in both seasons. Nitrogen

was applied as ammonium nitrate at a rate of 120 kg N ha"1 in four splits (20% at seedling, 40% at

shooting, 20% at flag leaf emergence and 20% at flowering). The seeding rate per sub-plot (20 m2)

in both seasons was as shown in Appendix Table II. The seeds were sown in November in both

seasons with a 15 cm row spacing and 5 cm plant spacing.

During the growing seasons, wheat shoots were sampled at four developmental stages [10]:

(1) at Shooting, when the main stem had only one node, (2) at appearance of flag leaves , (3) at 50%

flowering and (4) at physiological maturity. The harvest area per replicate was 2.4 m2. The number

of spikes per unit area was recorded. The grains were dried and cleaned before weighing to

determine the grain yield. Hundred grain weight and the number of grains per spike were estimated.

The shoots were ground shoot and samples were digested in H£O4 - H2O2 [11] and analysed for N

using the Kjeldahl method [12]. Phosphorus was determined using molybdo-vanadate

spectrophotometric method [9]. Calcium and magnesium were measured by atomic absorption

spectrometry and potassium by flame spectrophotometry. Data of both seasons were subjected to

analysis of variance using the SAS statistic programme.

2.2. Studies on root characteristics and vesicular-arbuscular mycorrhiza infection of different

wheat cultivars as influenced by phosphate supply.

2.2.1. Field experiment

A field experiment was conducted with wheat (THticwn aestivum L.) at the Faculty of

Agriculture, Suez Canal University at Ismailia. The experiment was a complete randomize block

design with four replicates. Soil samples were collected from each sub- plot (20 m2), at 0-30 cm

depth. Samples were air dried and representative sub-samples were prepared after mixing them

together. Soil chemical characteristics were determined in the saturated soil paste as described in the

US Department of Agriculture handbook [7]. Potassium and sodium were determined by a flame

photometry and calcium bt atomic absorption spectrometry. Total soluble salts were determined by

measuring the electrical conductivity of the saturated water extract (ECe), and total carbonate was

estimated volumetrically by means of Collin's calcimeter and calculated as calcium carbonate

(Appendix Table I).

The experimental field has not been fertilized with P because the area had not been cultivated

for at least 30 years. Available phosphate was extracted according to Olsen and Sommers [8], and

determined colorimetrically [9] with molybdo-vanadate method. Before sowing, K fertilizer was

added in single applications of K2SO4 at a rate of 100 kg ha'1 and phosphate fertilizer was added as

superphosphate (15.5% P2OS) in three levels viz., 8.3, 25 and 75 kg P ha*1 in both seasons. Nitrogen

was applied as ammonium nitrate at a rate of 120 kg N ha"1 in four splits (20% at seedling, 40% at

shooting, 20% at flag leaf emergence and 20% at flowering). The seeding rate per sub-plot (20 m2)

in both seasons was as shown in Appendix Table II. The seeds were sown in November in both

seasons with a 15 cm row spacing and 5 cm plant spacing.

During the growing seasons, wheat roots were sampled three times at shooting, flag leaf

formation and flowering [10]. Root samples were taken with a hand auger (diameter 7.5 cm) within

and between plant rows at a distance of about 3 cm from plant shoots. The samples were collected
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at 20 cm intervals downwards upto 60 cm soil depth. Two cores were taken from each plot and
averages were soaked overnight in water and the roots subsequebtly separated by washing the soil
through a 2 mm sieve. Live roots were distinguished from dead ones by an inspection based mainly
on colour [24].

2.2.2. Nutrient solution experiment

Ten wheat cultivars were selected from the 18 previously used in the preliminary study for

phosphate use efficiency. These were identified into 3 groups depending on their phosphate use

efficiency abilities. They are: (1) efficient cultivars (GLza 160, Giza 165, Sakah 8, and Sakah 61),

moderately efficient cultivars (Giza 157, and Giza 164), and inefficient cultivars (Giza 158, Giza 163,

Sakah 92, and Sohag 1). The selected cultivars were germinated for 3 days in 10 um CaSO4) then,

50 uniform seedlings were selected and suspended, five per pot from each genotype, in 59-liter plastic

containers in a growth chamber at the Institute of Plant Nutrition, University of Hannover.

Composition of the nutrient solution used was as follow: 450 pM Ca(NO3)2; 375 /tM KjSO*; 325 pM

MgSO4; 100 jxM NH4C1; 40 jiM Fe-Sequenstren, 4 pM H3BO4; 1/tM MnSO4; 0.4 /*M ZnSO4; 0.2

fiM CuSO4; 0.1 fiM (NHJjMoyO^; and the phosphorus was added in two levels (1 and 10 /tM P) as

KH2PO4.

Nutrient solutions were changed every 5 days. Between changes the solution nutrient levels

and pH were monitored and additions made as needed to maintain nutrient and pH levels. The

maximum reductions in nutrient levels that occured before renewal were: 50% for N, 10% for P,

30% for K, 30 for Ca, and 20 for Mg. The pH of the solution was adjusted between 5.8 to 6.0. The

plants were grown upto an age of 15 days. The plants were then harvested and prepared for analysis

as discussed above in 2.1.

3. RESULTS AND DISCUSSION

3.1. Studies on genotypic differences in phosphate use efficiency and yield of different wheat

cultivars.

Growth conditions, such as phosphate supply, clearly influnced growth and yield of the 18

wheat cultivars. There was large variation among genotypes for phosphate response or differences

among cultivars under the same phosphate level for all characters measured.

As shown in Appendix Table III, low phosphate supply resulted in a severe reduction in the

total biomass comparing with the high phosphorus supply. However at both low and high phosphorus

supply levels, the total biomass of cultivars 5, 9, 10, and 11 were high. On the other hand, the total

biomass of cultivars 4, 7, 13, and 14 were reduced under limiting phosphorus but responded to

produce a high biomass under high phosphorus supply. The main effects of phosphorus supply were

on the number of tillers per unit area or per plant (Table I) and the length of the development stage.

Wheat cultivars are known to differ widely in growth duration [6,13].

The data for nutrient contents of shoots at successive harvest stages are shown in Table II and

Appendix Table IV, as means for the two seasons. Nutrient concentrations in shoots generally

decreased with the time in the growing seasons (Table II), presumably due to dilution as growth

progressed [14]. Nutrient concentration, expressed in mg g 1 dry matter shows pronounced

differences in at vegetative stage. However, the differences among cultivars during vegetative stage

were not significant for all nutrients. But in the nutrient solution culture, all cultivars showed more

limited growth and obvious deficiency symptoms at 1 /iMP.
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TABLE I. YIELD AND YIELD COMPONENTS OF 18 WHEAT CULTIVARS GROWN IN THE
FIELD AT LOW P SUPPLY (8.3 KG HA1)

Cultivar

10
11
5
17
12
9
1
8
13
6
15
14
16
18
3
2
7
4

Grain

kg ha 1

4420
4060
3920
3840
3780
3740
3540
3520
3320
3200
3080
3000
2840
2700
2540
2460
2260
2140

Yield

Straw

kg ha1

4060
4920
2980
3530
3230
4190
4440
4460
4180
3990
4630
3630
2620
4830
3600
3210
3840
2380

Yield

No. of ears
per m2

196
205
168
163
196
184
163
171
167
134
179
142
127
156
142
114
170
134

components

No. of grains
per ear

44.3
32.0
43.0
21.8
36.5
21.3
37.8
38.0
26.9

. 29.2
44.5
34.5
42.5
18.1
34.0
35.8
33.3
34.0

TABLE II. EFFECT OF P SUPPLY ON NUTRIENT CONCENTRATIONS IN THE ABOVE
GROUND PLANT PARTS AT 4 DEVELOPMENTAL STAGES OF WHEAT GROWN IN THE
FIELD

P supply
kg ha"1

8.3

25.0

75.0

Growth
stage

Tillering
Flag leaf
Anthesis
Maturity

Straw
Grain

Tillering
Flag leaf
Anthesis
Maturity

Straw
Grain

Tillering
Flag leaf
Anthesis
Maturity

Straw
Grain

P
mg g' dw

1.38
1.39
1.28

0.59
2.23

1.54
1.46
1.40

0.78
2.50

1.74
1.53
1.54

0.86
2.76

K
mg g l dw

81.8
66.1
40.6

7.56
6.80

78.9
63.1
40.8

7.42
6.59

79.7
62.5
42.9

75.3
6.78

Ca
mg g*'-dw

8.45
8.23
7.05

2.09
1.25

8.32
9.47
6.21

2.17
1.19

8.69
8.38
6.08

1.98
1.24

Mg
mg g 1 dw

5.46
7.13
2.28

0.61
1.37

5.21
6.98
2.58

0.61
1.21

5.02
6.71
2.63

0.69
1.09

Values are means of 18 cultivars
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TABLE III. EFFECT OF P SUPPLY ON GRAIN YIELD AND YIELD COMPONENTS OF
WHEAT GROWN IN THE FIELD

P supply Grain yields Straw yields No. of ears No. of grains 1000 grain
kg ha'1 kg ha1 kg ha' per m2 per ear weight

g

8.3
25.0
75.0

3242
3592
4000

3818
4481
4797

162
196
216

33.8
33.8
43.7

48.8
49.6
50.2

Values are means of 18 cltivars

The phosphorus concentration in the shoot tissue of different cultivars ranged from 0.8 to 2.3
mg P g1 dry matter at shooting stage. However, the phosphorus-concentration under nomal field
conditions vary between 3.0 to 5.0 mg P g1 dry matter [15].

Grain yield increased with increasing phosphorus fertilization (Table III). At 8.3 kg P ha"1,
cultivars 5 ,9 , 10, and 11, were superior to the others whereas at high phosphate levels (75 kg P ha'1)
cultivars 7, 8, 10,13 outyielded the the rest. Similarly, the number of spikes per square meter (Table
I), weight of 100 grains, spike number per unit area and grain number per spike observed to be
largely affected by phosphate fertilizer.

The grain nutrient yield is known to be a function of the export of nutrients from soil and
their retranslocation from shoots to the grains. Application of phosphate fertilizer increased the
phosphorus concentration in grains and straw but had no effect on other nutrient concentrations in
mature plants (Table II). Fertilizer phosphorus increased the concentration of phosphorus in grains
by 20%. The most notable variations observed in this study were in the concentrations of phosphorus
in the grains of different cultivars. Phosphorus uptake, and phosphorus distribution in grains and
straw were calculated using the dry matter and phosphate concentration in the plants.

As suggested by Gerloff and Gabelman [16], a genotype to be regarded as inefficient under
a nutrient stress should appear normal and approximately the same as efficient genotypes under
optimum supplies of the element. Also, it would be desirable to have a cultivar that grow and
accumulate a high biomass at low phosphorus levels and also responds to optimum or luxurious (high)
phosphate supply.

The study of wheat genotypes grown in the field and in the nutrient solution shown that the
biomass and the yield at vegetative and reproductive stages for some genotypes were higher than the
others. From an agronomic point of view, genotypic differences in phosphate use efficiency of wheat
are usually defined by the difference in the relative growth rates or from the yield. When grown in
a soil defficient in in phosphorus, phosphorus use efficiency is reflected by the ability to produce a
high yield in a soil that is limiting in phosphorus or other nutrients for any given genotype [17].
Genotypic differences in phosphorus efficiency occur for number of reasons, these being related to
uptake, transport, and utilization of nutrient within plants.

The results obtained shows that there are four phosphate efficient genotypes (5, 9, 10, and
11), and four inefficient genotypes (4, 7, 13, and 14). Genotypes 9 was the best in terms of
phosphate use efficiency. The phosphate use efficiency parameter is an important characteristic for
the selection and breeding of genotypes suitable for cultivation in soils low in availabile phosphorus
[18].
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The study of wheat cultivars showed that the grain yield improved with increasing phosphorus
fertilizer application. Cultivars differed in their response to phosphorus fertilizers application. Field
studies by Jessop and Palmer [4] and Batten et al [19] have shown significant differences in wheat
genotypes in the response to phosphate fertilizer application. It has been reported that the increase
in phosphorus application results in a positive effect on the tillering [20,21].

The present experiments also examined the concentration of N, P, Ca, and Mg in wheat
shoots at different phosphorus levels. It was found that K, N, P, Ca, and Mg decreased with
increasing plant age. Further, it was interesting to observe that the genotypes that produced high
grain and/or biomass yield had low concentrations of most nutrients. Similar observations have been
made by Saric' et al. [22] but in different wheat cultivars.

3.2. Studies on root characteristics and vesicular-arbuscular mycorrhiza infection of different
wheat cultivars as influenced by phosphate supply.
As shown in Table IV, the removal of plant roots from the soil differed among cultivars in

parameters measured. Root length and root distribution in the different soil profiles showed
substantial variation depending on the phosphate supply and the cultivar [35,36,37,38,39]. Similarly
there were variations in root density among wheat cultivars [6]. With decreasing phosphorus supply,
both the root volume and root dry matter decreased but the opposite trend was true with respect to
the root length and root density. This is probably one of many mechanisms plants adapt to cope with
the changes in nutrient supply in the soil [17].

TABLE IV. EFFECT OF P SUPPLY ON ROOT LENGHT-DENSITY (RLD) IN THE SOIL,
AND MYCORRHIZAE INFECTION RATE (IR) OF WHEAT GROWN IN THE FIELD

P supply
kg ha1

8.3

25.0

75.0

Profile depth
cm

0-20
20-40
40-60
0-20
20-40
40-60
0-20
20-40
40-60

Tillering

RLD
cm cm'3

0.40

0.44

0.55

IR
%

00

00

00

Flag leaf appearence

RLD
cm cm'3

0.75

0.85

0.88

IR
%

5.5

3.4

2.5

; Anthesis

RLD
cm cm"3

2.41
1.37
0.40
2.60
1.05
0.52
2.27
0.96
0.60

IR
%

44.0
45.0
41.0
37.8
32.6
29.3
35.2
31.1
29.4

Values are means of 18 cultivars

The variation of root density with plant age for all cultivars is given in Table IV. The data
show that the maximum length of wheat root occured when the plant reached 50% of anthesis stage.
Mengle and Barber [39] reported that the corn root length increased exponentially with time during
the first three weeks of seedling growth and then increased linearly until reproductive growth at
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eightieth day, after sowing. Therefore, the root sapmples in this study were taken till 50% of anthesis.

Fig. 1. shows that the cultivars 3, 6, 14, and 18 has the highest total root density at low phosphorus

supply, at anthesis stage.

Table IV also shows the root length densities at different soil depths. Data show that, the

efficient cultivars (9 and 10) had a high root density in the 40-60 cm sub-soil region. This means that

both cultivars can take up the nutrients from the sub-soil region and they propably have the root

characteristics which allows them to be adapted to arid area in Egypt. On the other hand root

distribution was affected by differences in chemical and physical properties between surface soil and

sub-soil. Some sub-soils may be so compact that roots cannot pentrate them [40] or may be they

cannot grow because of chemical factors [41]. Relative moisture levels in the surface soil and sub-soil

may also affect root distribution in the soil profile. In more than half of the wheat cultivars, roots

grew in the top 0-20 cm of soil profile at the stage of anthesis. Johnson [37] reported that the roots

of red canary grass were concentrated near the soil surface. Root density was greater in the 0-20 cm

region than in the 20-40 cm depth.

In addition to differences due to cutivars, root distribution was affected by phosphate supply.

The data showed that increasing phosphate supply decreased the root density (Appendix Table V)

particularly in the top soil (surface layer, 0-20 cm), possibly because this region had enough

phosphate and other nutrients. The data from nutrient solution experiment (Appendix Table VI)

500

17 8 7 11 15 16 5 4 10 2 12 6
Wheat cultivars

1 13 14 3 18 9

FIG. 1. Genotypic differences in phosphate use efficiency of 18 wheat cultivars grown in the field
at low P supply (8.3 kg ha1).
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showed that the 10 selected cultivars used differed in root length and root biomass. Both characters

increased with increasing the phosphate supply. Anghinoni and Berber [4] reported that the root

distribution decreased with increasing phosphate supply in corn.

In all cultivars, more than 25% of root length was infected with mycorrhiza [VAM] at the

until beginning of the reproductive stage (anthesis). But, at the early stages (vegetative stage), the

infection was not more than 17% in all cultivars. Mycorrhiza infection in the top soils (0-20 cm) was

more than the infection in the sub-soil (20-60) in all cultivars. This is also because the top soils were

more eccupied by roots tha the otehr regions in the soil profile. The growth of the root system in

the early developmental stages was relatively little compared to the stages of flag leaf emergence and

anthesis (Appendix Table V). In cultivars 3, 6, and 18, the root length density increased in the most

rapidly during the vegetative stages. Howevr, in cultivars 7,10, 11 and 16, this parameter increased

little until flag leaf emergence stage but increased rapidly thereafter.
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