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ABSTRACT .

Many soils are deficient in phosphorus, but this is not the only reason for
continued use of P fertilizers. Genotypic differences in absorpticn or utilization of P
might be exploited to improve efficiency of {ertilizer use or to obtain higher productivity
on P-deficient soils. The objective of this study was o evaluate 11 rice cultivars for P-
use efficiency. To achieve this goal, the rice cultivars were grown in culture solution at
three levels of P (0, 5 and 10 ppm P) for 35 days after transplanting in the
greenhouse. Plant height, number of tillers, root length, as well as dry matter
production, P uptake in partitioned plani parts and P-use efficiency parameters were
estimated after harvesting. The results revealed tha! plant height, tillers number, root
length, shoot and root dry weight, shoot/root ratio, P content in root and shoot were
significantly affected by P treatments as well as rice cultivars. Shoot dry weight, tillers
number as well as shoot and root P uptake were found to be the plant parameters
most sensitive to P deficiency suggesting that there were four parameters may be the
most suitable for screening rice cultivars for P-use efficiency under culture solution
conditions. Based on dry matter production and P-use efficiency. Rice cultivars were
classified as efficient and responsive (ER) represented by (Giza 181 and Giza 182),
efficient and non-responsive (ENR) (Giza 171), ncn-efficient and responsive (NER}
(Giza 176, Giza 178 and Sakna 104) and non-efficient and non-responsive (NENR}
represented by (Giza 172, Giza 177, Sakha 101, Sakha 102 and Sakha 103).
Keywords: P-use efficiency, rice varieties, plant growth, P-uptake.

INTRODUCTION

Rice is a vital to more than half the world's populations. It i1s the most
important fooc grain in the diets of hundreds of millions of Asians, Africans,
and Latin Americans living in the tropics and subtropics. Rice production
decline may continue despite increased consumption in the last years. Rice is
grown on approximately more than 1.5 million feddans in Egypt (MALR,
2006), where phosphorus deficiency is important limitation to its production.
Availability of P to plant roots is limited in alkaline soils, mainly, due to
formation of sparingly soluble phosphate compounds with calcium.
{(Marschner,1997). Among the factors of rice production, fertilizers play an
important role. Application of phosphoric fertilizer has great impact on rice
yield (Alaam et al., 2003}, Every year large amounts of P fertilizers, up to 35
million tons of P05 (Isherwood, 2000) are applied to soils for crop production
giobally, and only 10-20 % of the applied P fertilizers can be absorbed by
plants (Holford, 1997). The remaining is rapidly transformed into unavaitable P
forms, which are not readily absorbed by plant roots. However, many
resource-poor farmers can not afford to apply the full dose of F fertilizers
needed for high yields. They need rice varieties which are efficient users of”
soil and fertilizers phosphorus. Genotypical differences in nutrient efficiency
occur of reasons, these being related to uptake, transport, and utilization
within plants (Marschner, 1997). For phosphorus higher usé efficiency in
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certain genotypes may be related to better use of stored Pi (Hart and Colviile,
1988) either within a given tissue or by better retranslocation between shoot
organs (Youngdahl, 1990).

Several studies {Fageria and Baligar, 1997a; Oikeh et al., 2003; Hogh-
Jensen and Pedersen, 2003 and Kadiata and !umpungu, 2003} have
highlighted the fact that plant species and even varieties withen species vary
in their behavior to acquire and wtilize nutrients for forage dry metter and/ or
grain production. This property is yet to be fully explored, especially for rice.
Identification of rice varieties that can efficiency utilize soil P would assist in
improving the vield of the crop on alkali, P-defficient soils. Thus, as first step
in breeding P-efficient cultivars, it is important to identify P-efficient rice
genotypes. Many scientists have tried to select different rice genotypes with a
greater ability to absorb P under P-deficient soils. The objective of this study
was to evaluate some rice genotypes for P-use efficiency.

MATERIALS AND METHODS

In the present investigation, P-use efficiency was used as the main
criterion with the objective to identify any differences among rice cultivars in
response to increasing P levels on solution culture.

Growth conditions:

Plants were grewn in a big net house without any environmental control,
having glass covered roof, sides open, having only wire gauze and no any
problem of sunlight. During the time of the experiment and inside the net
house, average of maximum daily temperaiure 35-40 °C, minimum
temperature 26-28 °C, relative air humidity 70-80 % and bright sunlight, with
active photopertod of 13-14 hours.

Experimentatl procedure:

The experiment was carried out using 11 different rice varieties grown on
culture solution with diiferent levels of phasphorus to evaluate the growth and
P-use efficiency of these varieties,

Seeds of eleven rice varieties (Giza 171,172,176,177,178,181,182 and
Sakha 101,102,103 and 104) were surface-sterilized with 0.1 % HgCI for 5
minutes and washed twice with distilled water and then soaked for 24 hn
distilled water at 20 -25 °C. The seeds were germinated in Petri dishes over
three layers of cotton saturated with distilled water. The dishes were then
covered and feft in the incubator for 48 h at 28-30 °C. The germinated rice
seeds were raised on nylon seedbed floating in seven liters plastic tray
comaining a phosphorus- free culture solution (from Yoshida et al..1976)
(ppm): 40 N, 40 K, 40 Ca, 40 Mg, 0.5 Mn, 0.05 Mo,0.2 B, 0.0t Zn. 0.01 Cu .
and 2 ppm Fe. Nutrient solution was changed every 5 day and the pH
adjusted daily for pH (5.5-8). Fifteen-days-old seedlings of similar size from
all the cultivars were selected and transplanted to 3-L plastic containers
containing 2.5 liter from nutrient solution as described by Yoshida, el al.
(19786} with different levels of phosphorus added as KH,PO, with phosphorus
concentration as: (Zere, 5 and 10 ppm P). Each container was used for a
single variely having sixteen seedlings held with cotton plugs through plastic
lids with equidistant holes. The pH of the nutrient solution was adjusted daily
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by NaCH or H,SO, to pH (5.5-8). The nutrient solution was changed every
three days. Plants were allowed to grow 35 days after the addition of
phosphorus. At the end of the experiment, plant height, root length
measurements and tiller counts were recorded according o Fageria and
Baligar (1997a). After harvesl, plant were first washed with tap water several
times then rinsed with distilled water, separated to shoot and root and blotted
between filter papers. Dry weight of shoot and root were recorded after drying
at 70 2C in a forced-air oven. Oven dried plant material was ground n a rotary
grinder. Samples of finely ground of shoot and root were digested with
concentrated sulphoric and perchloric acids until the mixture becomes
colorless {Jakson, 1973}. Phosphorus was determined by using molybdenum
blue method as described by El-Hineidy and Agiza (1959).

RESULTS AND DISCUSSION

Nutrient-efficient crops have an important role in modern agriculture. In
the low-input systems that characterize most of world agriculture, nutrient-
efficient crops improve crop productivity. In high-input systems of the
developed world, nutrient-efficient crops are valuable in reducing pollution of
surface and ground water resources from intenseive fertilization.

1- plant growth:-

Growth parameters, P concentration and P uptake responses to increase

P levels in the culture solution are presented in Table (1).

Table 1: Influence of P levels on growth parameters, plant tissue P
concentration and P-uptake of 11 rice cultivars.

P levels [
Plant parameter ' Low Medium high
0 ppm 5 ppm 10 ppm
Plant height (cm) 258b 58.2 a 58.4 a
Root {ength (cm) 440G3a 7.4 Db 145¢
[Tillers per pot 7.0b 244a 24.8a
Dry shoot weight (g / pot) 1.24¢ 787b 864 a
Dry root weight {g / pot) 0.84b 227a 234 a
Shoot / Root ratio 1.49¢ 338t 388 a
P conc. In shoot % 0.07¢ 0.22 b 0.32 a
P conc. In Root % 0.05¢ 0.13b 022a
P uptake in shoot {mg/pot) 088¢ 18.98 b 2754 a
P uptake in Root {mg/pot) 043¢ 2920 50a

Data are averaged over genotypes,
Values for each plant parameter under different P levels followed by same letter are not
significantly different at the 1 % probability level.

All growth and P uptake parameters increased significantly with
increasing levels of P in external media except the plant height, tillers number
and dry root weight, which increased up to the "medium” P level. Root length
was significantly reduced at medium and high P levels as compared ‘o low P
level. At the media (5 ppm) P level, plant height increase was 129 %, root
length decrease was 60 %, tillers’ number increase was 248 %, shoot dry
weight increase was 535 %, root dry weight increase was 170 %, and shoot /
root ratio increase was 127 % as compared to the low (zero ppm) P level.
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Similarly, the increase in P uptake parameters at the "medium® P level was
214 % for P concentration in the shoot, 160 % for P concentration in the
root, 1830 % for P uptake in shoot, and 579 % for P uptake in root as
compared to low P level. All growth and uptake parameters increased
significantly with increasing levels of P in the culture solution. This mean that
the culture solution used in the experiment was appropriate for screening
purpeses. In this respect, Fageria, (1989); Fageria and Baligar, (1997b}), and
Akinrinde and Gaizer (2008) documented that ohe of the prerequisites of
varietal screening for mineral stress is that the growth media should be
deficient in the nutrient under investigation.

To identify which of the growth parameters is most sensilive to P
deficiency increases in plant height, tillers number, shoot dry weight, root dry
weight, shoot / roat ratio, P concentration in shoot, P concentration in root, P
uptake in shoot, and p uptake in rool at medium and high P levels as
compared to a low P level were calculated and illustrated in (Fig. 1). Among
the growth parameters, shoot dry weight (followed by tillers number)
exhibited maximum growth increase with P addition. Among P-uptake
parameters, shoot P uptake (followed by root P uptake) increased maximally,
Thus sheot dry weight, tillers number as well as shoot and root P uptake
were the most sensitive parameters to p deficiency. Since shoot weight and
tillers number are the most easily determined among the parameters, it can
be used for screening rice genolypic responses to P under cuiture solution
conditions.

1-1- plant height and tillers number:

In general plant height and tillers number wera markedly affected by
phosphorus application but the magnitude of response varied within rice
varieties (Table 2). Tillers at the medium and high P levels were about three-
folds higher than the low P level, Plant height varied from 19.7 to 29.7 cm at
the low P level, 50.3 to 70.7 cm at the medium P level and 48.3 to 66.3 cm at
the high P level. These results indicate that tillers did not change between
medium and high P levels. The number of tillers is an imporant yield
contributing component because the number of panicles is closely associated
with the number of tillers in rice crop, and in general, increased panicles per
unit area are the single most important component of yield associated with
rice yield (Gravois and McMNew, 1993).
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1-2-  shoot and root dry weight:-

There were significant differences among varieties for each P level for
root and shoot dry weight. The data presented in Table 3 reveal that,
irrespective of rice varieties, increasing P levels up to 5 ppm, significantly
increase in dry matter accumulation in root, while up to 10 ppm in shoot. Dry
weight was nearly about three folds for root and about six folds for shoot as
the P application increased from 0 to 5 ppm P. Moreover, further increase in
P level up to 10 ppm P induced a significant increase in shoot dry weight to
reach about seven folds over that of zero P level, while root dry weight was
not affected. In this respect, Fageria et al. (1988} and Hedley et al. {1994)
documented that growth and yield of different rice genotype responded
positively to p fertilizer.

Significant differences could be observed in dry matter accumulation
among rice varieties, regardless of P levels. The highest roat and shoot dry
weight was recorded for Giza 171 and Giza 181, respectively, while the
lowest one for Sakha 101 in both root and shoot. Concerning the interaction
effect of P-levels and varieties, data presented in Table 3 reveal significant
differences in root and shoot dry weight between different varieties at each -
fevel. This was in accordance with the findings of Abou-Zeid et al. {2005),
who found that the magnitude of response to P fertilization varied markedly
among varieties.

1-3- Root length and shoot/ root ratio:-

Root length and shoot / root ratio were different among rice varieties
(Table 4). Root length acress P levels of the eleven genotypes ranged from
18.11 to 32.11 cm. Based on root length, the rice varieties can be grouped in
descending order as: Sakha 101 > Sakha 104 > Giza 172 > Giza 176 >
Giza 181 > Giza 177 and Giza 171 > Sakha 103 > Sakha 102 > Giza 182 =
Giza 178, The results indicated that Sakha 101 recorded the highest root
length (32.11 cm), while Giza 178 recorded the lowest (19.11 cm). The
differences of root length between varieties agree with the finding of Fageria
and Baligar (1997b) who also observed that rice genotypes had significant
differences in reiation to root length.

Shoot / root ratio was affected by phosphorus levels in all varieties as it
could be noticed from Table 4. The highest shoot / roct ratio was obtained at
the highest P level and decreased by decreasing P application shoot / root
ratios varied from 1.21 10 1.79 at the low p level, 3.04 to 4. 11 at the medium
P level, and 3.14 to 4.58 at the high P level. This mean that the shoot / root
ralio varied more at the high P level as compared to the low and medium P
levels. This may be associated with a significant increase in dry weight of
shoot with an increasing of the P level up to the medium P level. Simdarly
Bahadoria et al. (2002) reported that shoot-root ratio of several species
increased with higher P level as the internal P concentration exceeded that
giving maximum root development.
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Table 2: Number of tillers and plant height of 11 rice cultivars under
three P levels.

Tillers/pot Plant height (cm)
Genotype | LoW P Medium P high P [y | LowP Medium P h'gh Average
10
0 ppim Sppm 10 ppm 0 ppm 5 ppm opm

Giza 131 10.3 387 383 | 284a 287 54.0 51.0 43.9¢
Giza 176 11.0 36.7 3331 270a 21.3 50.3 48.3 40.0¢
Giza 178 5.0 227 267 | 184 bo 19.7 53.0 597 | 441i¢c
Giza 182 6.7 23.0 307 | 201 b 21.7 52.0 58.0 439 ¢
Giza 171 7.3 283 270 209b 32.7 63.0 81.3 ] 823 ab
Giza172 8.7 25.0 210 { 176bc 253 62.7 6201 500b
Giza 177 5.3 17.0 19.7 | 14.0d 29.7 70.7 650 | 551a
sakha 101 53 7.7 183 | 138d 20.3 50.7 513 | 408¢
sakha 102 6.7 217 213 ] 166 ¢cd 290 €2.7 587 501hb
sakha 103 6.3 223 20.0 | 16.2 cd 270 62.0 610 | 500D
sakha 104 53 17.0 16.7 13.0d 29.7 67.3 66.3 | 54.4ab
Average 70b 24.4a 24.8a 257 b 58.9 a 58.4 a

L350 001 for

Genotype " P 811 488

Values for each plant parameter under different P levels followed by same letters are not
significantly )

different at the 1 % probability level

Table 3: Root and shoot dry weight of 11 rice cultivars under three P

levels.
Root dry weight {g/pot) Shoot dry weight (g/pot)
Genotype Low P Medium P higg Pl Average Low P Medium P hi?g Pi Average
0ppm _Sppm  ppm Oppm SPP™  opm
iza 181 0.93 2.32 244 1.90 167 9.25 9.41 6.78
iza 176 0.8C 213 2.02 1.65 0.97 B.95 8.12 6.01
iza 178 0.55 2,96 2.84 215 1.01 6.88 8.93 560
iza 182 0.23 2.38 257 1.96 1.49 7.85 875 6.03
iza 171 1.21 2.91 2.74 2.29 1.65 8.85 9.49 6.60
iza 172 0.84 282 2.58 2.08 1.09 8.43 876 6.09
iza 177 . c.74 1.80 1.96 1.53 1.33 7.53 8.99 585
kha 101 a.80 1.70 1.84 1.44 095 6.57 7.537 4.96
kha 102 0.68 1.77 1.89 1.45 1.10 7.22 8.42 5.58
kha 103 078 1.95 214 1.62 1.289 6.98 895 574
akha 104 0.81 1.90 1.97 1.56 1.07 8.32 7.84 574
Average 0.83 2.28 2.27 B 1.24 7.87 8.64
L.S.0. 0.01 for
Genotype 0.27 ’ C.84
P levels 0.14 G.44
Genotype * P . . .
evels 0.46 1.45 ) °
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Table 4: Root fength and shoot/root ratio of different rice cultivars under
different P levels.

Root length {cm) Shoot/ root ratio
Genotype |LOW P Medium P highP| ;. lLow P Medium P “'g“ Average
Oppm Sppm 10 ppm Oppm 5ppm p::(:n
Giza 181 49,69 16.57 15.00 27.12 179 353 3.86 3.06
Giza 176 46 67 20.00 16.33 27.67 1.22 4.11 4.02 3.12
Giza 178 34.00 11.33 12.00 19.11 1.58 3.04 3.14 2.58
Giza 182 32.00 14.33 12.06 19.44 1.61 3.51 3.41 2.84
Giza 171 48,00 17.33 12.33 26.22 1.38 3.37 3.48 2.74
Giza 172 48.00 19.33 16.67 28.00 1.31 330 3.44 268
Giza 177 47.00 19.33 12.33 26.22 1.80 3.05 4.58 3.14
kha 101 4433 32.60 20.60 32.11 1.21 3.28 4.07 2.88
kha 102 38,33 13.00 12.00 21.1 1.61 3.21 4.45 3.09
kha 103 43.67 11.33 12.00 22.33 1.65 3.59 419 3.14
kha 104 51.33 17.00 18.33 28.89 1.35 a2 3.9% 285
Average 44.00 17.42 14,45 1.50 338 3.88
L.S D.G.01for
Genotype 415 0.40
P levels 217 0.21
Genotype * P 7.20 0.70

2- phosphorus uptake:-

Phosphorus uptake in root and shoot under the three P levels differed
significantly among varieties (Table 5). At low P level, P uptake in root ranged
from 0.31 t0 0.72 mg pot” , at the medium P level, from 2.39 to 3.76 mg pot”,
and at high P level, from 4.08 to 7.74 mg pot ™.

Table 5: Phosphorus uptake in root and shoot of different cuitivars of
rice under different P levels.

P uptake in root P uptake in shoot
{mg/pot) {mg/pot)
Genotype [Low PMedium P high P| Average iLow PMedium P high P | Average
0 ppm 5 ppm p:::n 0 ppm  Sppm 10 ppm

Giza 181 0.56 272 503 2.77 111 17.69 28.28 15.69
Giza 176 0.42 276 4.85 2.68 0.64 15.68 25.38 15.23
Giza 178 0.33 2.47 5.70 283 0.57 14.41 26.80 13.93
Giza 182 0.37 2.53 4,89 260 0.80 13.88 25.07 13.28° -
Giza 171 072 3.18 6.02 3.3¢ 1.20 17.81 29.43 16.18
Giza 172 0.42 3.31 591 3.21 0.81 19.37 28.94 16.37
Giza 177 0.45 3.76 4.90 - 3.04 1.08 17.99 30.85 16.64

akha 101 0.48 2.39 7.74 3.54 0.76 14.46 23.54 12.92

kha 102 0.35 3.08 4.85 2.66 .89 16.32 2891 15.37
kha 103 0.31 2.85 538 | 285 1.03 16.80 30.69 16.17
kha 104 0.37 3.1 4.08 252 0.72 18.26 25.08 14.68

Average G.43 2.82 537 0.88 16.98 27.54
L.S.D. 0.0t {or
Genotype 0.53 2.36
P levels 0.27 1.23
Genotype " P 0.54 4.09
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Regarding the oi P uptake in shoot, the variation was 0.57 to 1.20 mg
pot' at the low P ievel, 13.38 to 16.68 mg pot” at the medium P level and
23.54 to 30.85 mg pot ' at the high P level. P uptake in shoot is related to dry
matter production. Sakha 101 variefy had the highest P uptake in root, while
Giza 177 had the lcwest one. This was in harmony with the resulls obtained
by Fageria and baiigar {1999) who demonstrated that p uptake in shoot was
significantly varied among different wheat genotypes.

3- Phosphorus use efficiency:-

Data presented in Table 6 show that P-use efficiency differed among rice
varieties across P levels. Dry matter of root and shoot, P-accumulation in root
and shoot under the P application levels differed among varieties. Giza 182
and Giza 178 had the highest P-use efficiency, while Sakha 103 and Giza
177 had the lowest one.

Using total biomass production (roct plus shoot} with low P level and
genotype P-use efficiency {Table 6), the tested rice varieties classified into -
four categories (Fig. 2) according the methodology of Fageria and Baligar
(1993). These categories were as follows:-

1) Efficient and responsive : Genotypes which produced dry matter yield
higher than the average of eleven genotypes at the low P level and
responded well with the addition of P ( average P-use efficiency, higher
than the average of eleven genotypes), were classified as efficient and
responsive. Genotypes Giza 181 and Giza 182 fall into this category.

2) Efficient and non responsive: In this group are the genotypes which
produced higher than average dry matter yield, but P-use efficiency was
lower than the average of eleven genotypes. Genotyes Giz2 171 fall into
this category.

Table 6: Dry matter yield of roots and shoots, P accumulation and P-use
efficiency of different rice cultivars.

. P-accumulation in roots
Dry matter yieid of roots :

and shoots (mg/pot) and shoots {mg/pot) P- use efficiency

{mgdry matter/

Genetype At low P ;::;?::1 At low p [AcToss medium) mg P-absorbed

level and highP level an:j high P
evels
levels

1-Giza 181 2600 11.83 1.67 26.86 366.20
2-Giza 176 1770 10.64 1.06 26.28 " 350.90
3-Giza 178 1660 10.44 0.90 24.69 368.60
4-Giza 182 2420 10.73 1.27 23.19 375.00
5-Giza 171 2860 11.73 1.82 28.26 336.60
6-Giza 172 1930 11.00 1.23 28.77 329.40
7-Giza 177 2070 10.50 1.53 28.75 309.70
8-Sakha 101 1750 8.58 1.24 24.07 312.20
9-Sakha 102 1780 @8g 1.24 26.43 322.00
[10-Sakha 103 2070 10.02 1.34 27.86 299.80
11-Sakha 104 1880 10.37 1.09 25.26 351.10
Mean | 2072 338.71
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Fig.(2) Classification of several rice varieties for P- use efficiency

3) Non efficient and responsive: In this group are the genotypes which
produced less than average dry matter yield, but P-use efficiency was
higher than average. In this group fall genotypes Giza176, Giza 178 and

Sakha 104.

4} Non efficient and non responsive : In this group are the genotypes which
produced lower than average dry matter yield as well as lower than
average P-use efficiency, In this group fall genotypes Giza 172, Giza
177, Sakha 101, Sakha 102 and Sakha 1C3.

From a practical point of view, genotypes which fall under the group
efficient and responsive are the best ones. These genotypes can produce
well under a fow P level and respond well with P application. The second
group, which can be used under low technology or under a low P level and
can produce well are the efficient and nonresponsive.

9822



J. Agric. Sci. Mansoura Univ.. 32 (11}, November, 2007

REFERENCES

Alaam, S. M. Sikan, L~ and Aknter, M. {2003). Varietal differences in
wheal yield ang prosphoius use efficiency as influnced by method of
phasphorus appiication. Songklanakarin J. Sci. Tec. 25:175-181.

Abou-Zeid, 8. 7. - abu 2 Aal . Y. AL Bassioni, N. H. and Abd El-latif, A. L.
(2005). Phosphorus-use efficiency in corn cultivars. J. Agric. Sci.
Mansoura Lniv., 30(10):6481-6491.

Akinrinde, E. A and Gaizer, T. (2006). Differences in the performance and
phosphorus-use efiiciency of some tropicai rice (Oryza Sativa L.)
varieties, Pakistan J4. of nutrition 5(3).205-211.

Bhadoria, P. 3., Steingrobe, B.; Claassen, N. and Liebersbach, H. {2002}
Phosphorus efficiency of wheat and sugar beet seedlings grown in soils
with mainly calcium or iron and aluminium phosghate. Plant and Soll,
246:1,41-52.

El-Hinedi, M. |. and Agiza, A H. (1959). Colorimetric method for
determination of micre amounts of phosphorus. Cairo Univ, Fac. Agric.
Bull.121.

Fageria, N. K. (198%). Tropical soils and physiological aspects of field crops.
EMBRAPA-CNFAF, Brasilia, Brazil.

Fageria, N. K. and Baligar, V. C. {1993). Screening crop cultivars for mineral
stress. pp.142-155. in: Proceedings of Workshop on Adaptation of
plant to soil stresses. INTSORMIL publication No.g4-2. Univ, of
Nebraska. Lincoln, NE.

Fageria. N. K. and Baligar, V. C. {1997a). Phosphorus use eff.ciency by corn
genotypes. J. Plant Nutr. 20 (10):1267-1277.

Fageria. N. K. and Baligar, V. C. {1997h). Upfand rice genotypes evaluation
for phosphorus use =fficiency. J. Plant Nutr. 20 (4&5), 499-509.

Fageria, N. K. and Baligar, V. C. {1998). Phosphorus-use efficiency in wheat
genotypes. J. of Plant Nutr, 22{2) 331-340.

Fageria, N. K. Wright, R. J. and Baligar, V. C. (1988). Rice cultivar evaluation
for phosphorus use efficiency. Plant and Soil 111, 105-109.

Gravois, K. A, and McMew, B, W. (1893]. Genetic relationships among and
selection for rice yieid and yield components. Crop Sci. 33: 249-252,

Hart, A. L. and Coiwiile, C. {1988). Differences among attributes of white
clover genatypas at various ievels of phosphorus supply. J. Plant Nut.
11:189-207.

Medley, M. J. | Kirk, G, J. 3. anu Santos, M. B. (1994). Phosphorus efficiency
and the forins o7 36t phocphorus Ltilized by upland rice cultivars. Plant
and Soil 158:35-32.

Hogh-densen. ri. and Pedersen, M. 3. (2008). Morphological plasticity by
crop plants and her gulassium use efficency. J. Plant Nutr. 26:969-
984.

Holford, I C. R. {1587;
plants. Aust. J. ol

9823



Abou-zeid, S.7T.

Isherwood, K. F. (2000). The state of femllzer industry; past, present and
future. Annual General meeting 68" IFA Annual Conference 22-25 May
2000, Oslo, Norway.

Jackson, H. (1973). "Scil Chemical Analysis" prentice-Hah. Inc.
Englewoodclitfs, N. J. USA.

Kadiata, B. D. and Lumpunguy, K. (2003). Differential phosphorus uptake
and use efficency among selected hitrogen-fixing tree legumes over
time. J. Plant Nutr. 26:1009-1022.

MAIR.(2006). Report of rice program, Agriculture Research Center, Ministry
of Agriculture and Reclamation, Egypt.

Marschner, H. (199?) Mineral nutrition of higher plants. Academic Press.
London 2™ ed n. 889p.

Qikeh, S. O.; Menkir, B. M. D.; Welch, R. and Glahn, R. P. (2003). Genotypic
differences in concentration and bioavailability of kernel-iron in tropical
maize varieties grown under field conditions. J. Plant Nutr, 26:2307-
2319.

Youngdahl, L. J. {1990). Differences in phosphorus efficiency in bean
genatypes. J. Plant Nutr. 13;1381-1392.

Yoshida, S. ; Forno, D. A.; Cock, J. H. and Gomez, K. A. {1978). L_aboraiory
manual for physiological studies of rice IRRI, Los Banos, Philipines.

N il g B g il aladiod SeldS LIS
L) g Al L
B AN drala — A AS ~ Ll Y aud

L.s_."! _Hdﬂ\w|}a!mﬂﬂd’c_}}h)ﬂ|_).,a.mhriuai.lliq;.aljyl\)a_).ﬁs
5 Jﬁ.u)ﬂ Cya 52l \g.uahdu\éﬁ_lb.ay! A Al gl 3aat) .;L‘_.z:km“_ri_)lu‘)alﬁyll
G st G ol Y1 sy Ay el e Jganll SNy salil e soliney) ._-,_+.._<,,_g_|
;],N.JJEQ,JC.‘J:S_L.}L}AJ’)‘}!QLLA"UAM\\ ;.xm;l'v-iw! RS D_AL_I__;.:J _),.Lu}ﬂ \.a.i.\
J_..EJJY! il c.LnA!?JL._u; 4.1_,..-:.“ 'ul._ct_)‘_)nb_)m;.mﬂ cadagdl 1ia d.ﬂa..\l} J_}l-jﬂl
._J_h_,(_}_,im}a‘_)?glalu,_it,; N L WY WL UV RLE TP PR L JEL S LE Y PH
_)._:*__—s;iduﬁjt);ﬂ 20y jhall ey Ul o el Ay el o2a g.:! ?-\},_LL-:J‘:I—I;}J To iaal
-‘-a.-_l_))i—-‘}ﬂ* A FRITTIEPRTIN iy J}u}ﬂlyhl_,ju_’ -_,—_).z;ijl\;_}q._;.di) J_,."_?.U RN Salalt
lanll Ll

Adall solell plil Ay 3N el p AU 2se 5 DU Jyb e IS O A0 Ciaia
HL.AQ.MJ-SJ:_LAJJJ&;}@J‘J}A:&“&N\WJ_JJ_‘.;I!JL,').A:J'I&M‘J&JSS
Ny | [ TR V1 PPt TP, VS PIRRLUIS PR TR RINILL I | i ST W)
_}._):Aiiﬁl_’idb-vl_)\é‘ﬂ;u&f‘f_)ﬁd‘;QJJGJJLd)ﬂ]uamLﬂ:UsHLAHAJJLL;J&LiAMibuL
‘L\..'r..c.tj'l)a‘_;ﬁjdllu‘,)hu.# ‘31_514..4:.‘\! M;_Lui .u,_)..:..l
Coad o calial padl a3 ¢ phon gl aladid SplaS <3S Adladl 3aladl gl e sl
F o) Al

-L.l;u._.\;' L.A.L.C.,)SS.JLM‘ {\A"a}a:\i\\ a)u.)JA}M 'l\_ﬂu’ )&S-_JL...al
L.‘-_—..;J YA )_u.:.\\"la_zaa) =Y J)M)QJ-\%L_LL.J \...l‘-.})-‘s uzu.sh.,.a'l} (\V\a_).'-a.) u—l_,
LA Y A vy 3aa Y YY 3):;;)JAJJ_}3.¢._,S§:ULM—\:'! M&j}iﬂﬁh&h&’l;&(‘ i
YV L g vy

9824





