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ABSTRACT

A greenhouse experiment was carried out in bituminous cemented plots to evaluate the
single and combined effects of salinity, P and Zn variables on growth, yield components, P use
and uptake efficiency (PUE & PupE) of wheat plants. Treatment variables, including 3-P fertilizer
rates ( 0, 15 and 30 kg P;Osffed.), 2 - Zn application methods (foliar and soil treatments) and 2
saline irrigation waters (tap water, as control and 5000 ppm) were replicated three times in a
factorial arrangement. The plants were seeded in plots and irrigated with saline irrigation water to
the maturity stage. At the harvest, straw and grain (SY, GY) yields, number of tillers and the
weight of spikes/plot and 100 grain weight were recorded. Phosphorus use and uptake efficiency
(PUE & PugE) associated with first and second P increments were calculated. The results have
shown that growth indices were significantly increased at 15 and 30 kg P2Os/fed. The satlt-treated
plants produced greater SY and number of tillers/plot than the control treatment. Superior growth
associated with higher yield potentials were noted with Zn-foliar than Zn-soil application. Similar
trend was detected for the P effects on yield component. On the contrary to the SY trend, salt
stress induced marked reductions on GY, spike weight/plot and harvest index (H.1), amounted by
18.3, 24.0 and 24.3% compared with the control, respectively. The effects of Zn-foliar at variable P
rates were prominent on all measured parameters than the Zn-soil application. The combined
salinity-P and salinity-Zn interactions proved that although growth indices were significantly
increased at the higher salinity level over the control, opposite results were recorded on the yield
components. Based on the positive response of wheat-stressed plants to P treatments, attention
is being forward to apply 30 kg P-Osffed. On average, the PUE associated with 1% and 22 P
increments was doubled under Zn-foliar compared with Zn-soil application. On the other hand, the
salt stress was found to stimulate the PUE by 40%. Reported data on Puy,E imposed similar trend
as for PUE, but the values were relatively lower.
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INTRODUCTION
The growing increase of salt-affected soils in Egypt needs substantial
investigations to identify the optimal fertilizer programs that could be applied to
minimize the advisable effects of salinity on yield crops. In spite of the fact that
P utilization by the growing plants in soils is usually limited (Jungk et al., 1993)
‘and did not exceed 10% (Schenk and Barber,1979), increasing P fertilization
has been intensively practiced to stimulate yield potentials and to alleviate
growth inhibition under salt-stressed condition. However, the economic
application rates are still questionable, depending on the response rate of
" plant species and cultivars ( Greenway and Munns, 1980, and Duvick et al.,
1981) and on salinity-fertility interaction. The inefficient P use was, however,
reasoned to the rapid change of the applied P to unavailable form and to P
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immobilization in soil rhizosphere, as a consequence of low P diffusion
coefficient (Mackay and Barber,1985).

Reported data on the salinity-phosphorus interaction have shown that P
fertilization in salt- affected soils may be beneficial in reducing the depressing
effects on yield as long as the salinity level is low or in medium range
(Bermstein et al. 1974). In this respect, Patel and Wallace (1976) noted that
increased P levels were effective to induce positive interaction with moderate
salinity in several field crops. Unlike, at higher levels, the yields were decreased
progressively as P rate increased (Cerda et al., 1977). It was postulated that the
decrease in P utilization by roofing system at higher salinity level was ascribed
to the damage of cell membrane that controls intracellular concentration of
orthophosphate, acting for P toxicity (Nieman and Clark, 1976).

Restriction of Zn uptake and translocation within plant parts is well
documented and were attributed to plant and soil limitation. Previous studies
have shown that in soils of pH above 7 and that containing high CaCOs contents
are not operative to supply the plants with Zn needs, due to the immobilization
processes (Chaudry et al., 1977), P-Zn interaction (Safaya, 1976, Loneragan et
al., 1979, Farah and Soliman,1986) and ion competition (Chaudhry and
Loneragan, 1972). In all cases whereas Zn is incorporated to the soil, the
soluble Zn is hardly utilized by plants, acting for marked significant effects on
yield. Based on these facts, the present study was undertaken to quantify the
single and combined effects of salinity, P and Zn application on yield
performance and P use and uptake efficiency by wheat.

MATERIALS AND METHODS :

A greenhouse experiment was carried out at the Soil Salinity Laboratory,
whereas wheat cultivar « Sakha 89” was seeded in bituminous cemented plots
of 1.0m length X 0.7m width X 0.7m depth, containing a sandy loam soil. The
chemical analysis showed that the soil was low in available NaHCOs-
extractable P, 3.6 mg Kg’'soil(Olsen and Sommers, 1982) and poor in the
DTPA-extractable Zn, 0.92 mg Kg™ seil (Lindsay and Norvell, 1978). The initial
soil pH was 7.6 (1:2.5, soil: water ratio) and contained 0.47% organic matter
(Mckeague, 1979), 5.4% CaCO, and 1000 mg " of total soluble salts (EC= 1.56
dSm™). A 3x2x2 factorial experiment was carried out to study the single and
combined effects of salinity, P fertilization and Zn application on yield
performance and phosphorus use and uptake efficiency. Basically, the involved .
treatments were considered to include: 1- Three P application rates, i.e., 0, 15
and 30 kg P.Osf/fed, as orthophosphoric acid. 2. Two different saline water
exposures, i.e. control (tap water) and 5000 ppm, established by diluting sea
water. 3. Two different methods of Zn applications, foliar (0.5% ZnSQ,) and soil
application (4kg ZnSOffed). All variables were replicated three times in a
complete randomized block design. The seeds were planted during the winter
season 2000/2001 and the seedlings were adjusted, keeping a constant
population density of 100 plants per plot. The plants were supplied with 30 kg

Vol. 8 (1), 2003 144



J. Adv. Agric. Res.

Nffed, as urea and 45 kg K;Offed, as K,SO, fertilizers. To minimize the fertilizer
losses by irrigation, N and K doses were equally splited and added during the
vegetative and early tillering growth stages. Besides, P and Zn treatments were
applied as for the N timing, just before the initiation of booting stage. All plots
were regularly irrigated every week with saline water treatments during the
course of vegetative stage and according to soil moisture depletion in the later
stage. In all cases, an additional irrigation water, amounted by 25% over the
F.C. was applied to reduce the salt accumulation in soil rhizosphere. At Maturity,
growth index, expressed by straw yield data (SY) and number of tillers/plot, and
yield components, including grain yield (GY), spike weight/plot and the weight of
100 grain were recorded for each individual plot. Random grain samples for
each replicate were oven-dried (70 C°), ground, digested with HNOs/HCLO,
(5:1, viv) acid mixture and analyzed for grain P content by vanadomolybdate
method (Jackson, 1958). The agronomic data were statistically analyzed and
L.S.D values were calculated to test the significance of the single and combined
treatments (Steel and Torrie, 1980). In addition, regression/comelation analyses
were also performed for quantitative evaluations. Similar to Fan and Mackenzie
(1994), phosphorus use efficiency associated with the first (PUE,,) and second
(PUEy,) P unit increment was calculated using the proposed following formula:
PUE01 = (GYm'GYm)X 100’Po1
PUqu = (GYm—GYm)X 100’Po1
Where
GYuo = grain yield per plant for the control treatment
GYy4 = grain yield per plant at rate of 15 kg P.Osffed.
GYq, = grain yield per plant at rate of 30 kg P2Osffed.
Po1 = amount of P added per plant calculated at the rate of 15 kg P.Osffed.

Similarly, phosphorus uptake efficiency associated with the first (PU,Eq1)
and the second (PU,Eq) P unit increment was calculated, using the following
formula: PUpEm = (GYm X Co1-GYoo X Cm)x 100/Pg,

‘PUpEaz = (GYo2 X Coz-GYo1 X Co1)x 100/Po4
Whereas, Cqoo, Co1, and Co, represent grain P content for the unfertilized, 15 and
30 Kg P.Osffed.-treated plants, respectively.

RESULTS AND DISCUSSION

) 1. Main Effect:
1.1. Growth Index

Significant differences on growth index were detected due to P, salinity
and Zn treatments (Tables 1). Superior growth was generally observed at the
maximum P rate. The advantages in SY yield potentials were, 16.7 and 35.3%
at 15 and 30 Kg P;Osffed, respectively. Similar trend was recorded on the
number of tillers/plot, but the rate of increases were relatively lower, giving 11.3
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and 27.8% at the respective P rates compared with the control. Similarly, wheat
plants exposed to saline ifrigation water of 5000 ppm exhibited higher SY and
reproduced greater number of tillers than the control (Table 1). The stimulatory
effects were , however, outlined by 7.9 and 17.0%, respectively. The data
proved that Zn-foliar was more conspicuous than Zn-soil treatment, acting for

marked increments, amounted by 16.5 and 20.5 % on SY and number of
tillers/plot, respectively.

1.2 Yield Components and Harvest Index

In accordance to the patten of SY trend, the GY data revealed subsequent
significant increases with increasing P rates (Table1). Quantitatively, the
progressive responses in GY at 15 and 30 kg P,Osffed amounted 19.6 and
41.3%, respectively, over the control treatment. Although the weight of 100
grains and spike weight/plot did not appear any significant performance at 15 kg
P:Osffed (Table1), the effects were, only, manifested at the highest P application
rate, accounting for 8.8 and 20.7%, over the unfertilized wheat plant, for the
respective traits. The data of harvest index (H.l), that describes the relationship
between GY and SY yield, showed slight variations across the P application
rates (Table1).

Regarding to the effects of salt stress, wheat plants subjected to 5000
ppm of saline irrigation water were seriously affected, as revealed from the yield
component data (Table 1). Compared with the control, salt stress induced
considerable reductions, amounted by 18.3, 5.0 and 24.0%, for GY, weight of
100 grains and spike weight/plot, respectively. The overall effect of salinity on
GY and SY yield production exhibited a reduction of 25.1% on the harvest
index, (Table 1). These results agree with the data reported by Soliman (1986)
on the salt stressed wheat cultivar “ Giza 157" whereas the number of tillers
and GY were decreased by 27.6 and 18.5 %, respectively. Additional data
{Maas and Poos,1989 and Maas and Grieve,1990) indicated that wheat plants
exposed to salt stress prior to and during spikelet development (booting stage)
significantly decreased the yield potential, due to the reduction in the number of
tillers/plant and kemel weight/spikes. The inverse relationship between GY and
each of SY or number of spike/plot under saline environment could be explained
on the basis of the changes in morphological and physiological criteria
associated with salt imposition on wheat plants. According to Strogonov (1962)
and Vaisel (1972), salt stress may induce structural changes, including an
increase in thickening of cuticle and earlier occurrence of lignifications and
inhibition of organ differentiation, in terms of increasing stem diameter and
number of xylem vessels. However, these alteration in plant development may
explain the disorder in SY/GY data under salt-stressed conditions. On the other
hand, since the ion uptake and transport through cell membrane is partially an
active process, requiring energy, it seems possibly that high energy is
apparently consumed for osmoregulation, lacking less available energy for
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metabolic pathway. This might explain the yield depression due fto
incomplete seed formation, despite of increasing number of tiller/plot.

Table ( 1) Phosphorus, salinity and Zn effects on growth index, yield
component, harvest index and grain P content of wheat.

Growth index Yield component Gl
Tr - rain P
Trestment  §Y  Noof GV W00 spmew. ''®  content
__glplot __tillers _ giplot _grain g ghiot gkg’
P rate kg P,Ogffed.
PO 3823 1304 1890 4T 385 .4 457
P15 4460 1552 260 474 it 0.7 497
P 5174 1781 2670 518 WVEE 516 53
LSD 134 68 74 oR 204
Salinity level, ppm
s @13 1462 202 sm an4 58O 742
S5000 4586 1009 204.4 amn W7 L9 746
LSD 109 550 58 oz 187
Zn applied
F 4827 1722 2449 5.19 3845 507 534
s 4142 1929 200.7 46 IS6 06 458
LSD 1094 550 58 026 187
P -k el -k i L - -
Salinity - - - - - “ ns
Zn i L . e -k R n.s L
P x Salinity - - - ns - - >
Salinity x Zn * * - - bl - *
" Significant at the 5% of probabilty.. , H.I = (Grain yleid / Straw yield) X 100.
** Highly significant at the 1 % of probability n.s = not significant at the 5% of probability
F = foliar 8 = Zn-soll application § = galinity level

The relative comparison between Zn treatments showed that greater
advantages were clearly manifested on the all measured agronomic data when
Zn was introduced as a foliar application. The impressive effects of Zn-foliar
treatment averaged 16.8, 12.8 and 18.1 % on GY, weight of 100 grains and
spikes weight/plot, respectively. On the other hand, as far Zn-foliar treatment
exerted parallel stimulatory effects on both grain and SY yield data, no
remarkable variation was detected on the harvest index (Table 1).

2. Interaction effect:

2.1. Phosphorus- Zinc Interactlon :
The results presented in figure 1 indicated that Increasmg P rates
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induced progressive positive effects on all the recorded data when Zn was
applied but the performance was, however, more evident for the foliar than the
soil application. To assess the degree of variability between the two proposed
methods of Zn applications along the applied P rates, the regression coefficients
of each trait were quantitatively compared. The relative comparison of
regression equations proved that Zn-foliar application was more efficient to
increase the straw yield and number of tillers 2.31 times the comparable Zn-soil
treatment (Fig. 1a and 1b) . Similarly, the stimulatory effects of Zn foliar
application along P rates on grain yield and the spike weight/plot were 2.02 and
3.55 times the Zn-soil application(Fig. 1c and 1d), respectively. In all cases, the
yield differences between Zn treatments were more confident at the highest P
rates rather than the lower ones (Fig. 1). These results would suggest that by
Zn-soil application method, the soluble Zn was immobilized and converted,
partially, fo non-available in the alkaline pH range, due to the increased
adsorption of Zn on the solid-phase carbonate (Moore and Loeppert,1990 and
Tadross, 1997) or precipitated, as insoluble amorphous Zn-compounds (Tisdale
et al., 1993 and Karimian, 1995) with limited solubility product or complexes with
P forming insoluble Zn-phosphate compounds (Fahmi, 2001, Safaya, 1976 and
Robson, 1993).

%m'; a . b i
. ¥ =6.2722x + 38858 00 v .
issn ] R'=0.9995 2 y=18097x + 14511
500 - £ 180 R2=0
[
'E“‘SD' - .80 - s
—4'-_ L .-
400 4 o=y S7111x 4+ 37358 w0} .- S0 7Bk 213121
I T R*=0.897 & --- e 09516
30 " s 120 . ,
0 15 30 0 15 20
500 ~d
B 450 - yw35456x + 3N B
g R%= 08451
. 400 -
3 s
® IOy~ * . .
2 3017 v = 6.9975x + 31068
@ R?=0.958
250 i, .
0 5 30
PiOsrete. katted P,0srale, kofled. _

Fig. 1. The growth index (a,b) and yield components (c,d) as influenced by

P-Zn interactions.

(Zn: F= foliar, S= soil application)
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2.2, Salinity — Phosphorus Interaction

The combined effects of salinity and P vanables on growth indices and
yield components of wheat are illustrated in figure 2. At the all applied P rates,
plants exposed to salt stress yielded greater straw yield than those grown under
non-stressed condition (Fig. 2a). The differences in SY between salt-treated and
non-treated plants were more apparent in the absence of the applied P and
decreased significantly as the P rate increased (Fig. 2a). Similar trend was also
detected for the number of tillers/plot, but the difference between the salt-treated
and untreated plants were relatively greater at the lower P rates (Fig. 2b). These
results would suggest that P fertilization was, partially, beneficial to lessen the
harmful effects of salinity on plant growth. On the contrary, the GY at the all P
rates was significantly decreased under salinity stress compared with the control
(Fig. 2c). However, the grain yield response to the applied P for the salt- treated
plants was 1.42 times the response rate of the control treatment (Fig. 2c). The
positive results detected, under our experimental conditions, are evidently
impressive to increase GY potential under saline environment whenever wheat
is provided with 30 kg P,Os/fed. The spike weight data (Fig. 2d) followed up the
same pattern of GY, with greater inhibitory effects at the higher P rates. Relative
to the Py treatment, the salt exposure at Py acted to induce a limited stimulation
(6.2%) on the spike development. This is may be in accordance with the non
significant effect of the salinity-P interaction on the weight of 100 grain (Table 1).

550 -

a
%500 ] Ri=q sl gwo

y=»07x+15839 1
R*= 09987

§450- - 160 _ee
400 ,-"‘;-QW&+346,17 B 140 ,-"'5.13773;..117;_5
350 $-° R?=0.9453 £120 R%=0.9606
300 . , 100 4 r .
0 15 30 0 15 30
300 500 ~d .
E‘:eso1 © y-21smezme-s 7 450 T Romam
27 .- g748 S a0d T
£a20] % 350 4o o = 05167 + 207 47
Lo z,
1 y=30556x+15861 ¥ R*=0.9903
1909 T RP=09771 300 ‘r-‘—’—’_—”_'—'—a.
100 - 250 +—o v X
o 15 30 RN | 15 30
P,05 rate, kgffed - , PO rate, kpied.

Fig. 2. The growth index (a,b) and yield components (c,d) as influenced by
salinity-P interactions.” (S0=tap water, S1=5000ppm)
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2.3. Salinity - Zinc Interaction

The results given in figure 3 illustrated that the all measured parameters
showed greater advantage for the Zn-foliar than the Zn-soil applications in salt-
free and salt-treated plants, but the effects varied considerably from one
component to another. The SY and the number of tillers/plot exhibited relatively
greater values at the high salt treatment than the control for both Zn
applications. However, - significant differences on both growth index criteria
between Zn applications were detected across the salt treatments (Fig. 3a and
3b). Opposite results were noted on the spike weight/plot and GY data (Fig. 3c
and 3d ), with greater performance of Zn-foliar than Zn-soil treatment. As far as
Zn plays an important role as a component of many dehydrogenises enzymes
(Hewitt and Smith, 1974) that are enrolled in the protein synthesis (Vallee,1976),
it seems possibly that the low grain yield response in the presence of Zn-soil
application under saline conditions reflects clearly the inefficient Zn supply to
meet the plant needs. Evidences have shown that protein synthesis in wheat
was impaired under saline conditions, during the grain filling stage (Helal and
Mengel, 1979 and Abdul Kadir and Paulsen, 1982). This fact holds true,
because the available Zn in soil rhizosphere may be restricted or bounded due
to the interaction with counter ions in the soil solution. The work of Chaudhry
and Loneragan (1972) on Zn uptake in wheat seedling proved that cations,
including Ca, Mg, K and Na at low levels can drastically reduce Zn uptake.

530 195

€ 400 | 2130-
430 ¢ ® 155
380 [ g

¥ 330 f £ 150 -

§ ;gg ] $ 135 4
180 120 -
450

Fig. 3. The growth index (a,b) and yield components (c,d) as influenced by
salinity-Zn interactions. (Zn: f =foliar, s =soil application)
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3.Phosphorus use and uptake Efficiencies (PUE, PU,E).

Based on the proposed equations for estimating the PUE, the results
have shown that the values of PUE at each unit of P increment, were relatively
higher for Zn-foliar than soil-Zn treatment (Table 2).

Table 2: The calculated values of Phosphorus use efficiency (PUE,%) as
influenced by the main effects of P, Zn and salinity and their interactions.

P increment
Treatment  1unit ~ 2™ unit Mean
Zn- P interaction
2Zn application

Foliar 46.79 4954 48.16
soll 21.10 2569 23.39

Mean 33.04 37.61

Salinity —P interaction
Salinity

Control 37.61 2202 29.81
5000 ppm 30.27 53.21 41.74

Mean 33.04 37.61

The relative comparisons between the applied Zn treatments
demonstrated that PUE associated with the first and second phosphorus
increments for Zn foliar were 2.22 and 1.93 fold the corresponding value for Zn-
soil treatment. On average, the advantage of Zn-foliar treatment on promoting
PUE was 2.06 times the stimulatory effect of Zn-soil application. This fact may
be due to the interaction effects of soil variables on Zn and P mobilization, as
previously discussed.

The data also indicated that the rate of change in PUE for each unit of P
addition, under saline conditions, were relatively lower at the first P increment
than the second subsequent one. Under non-saline condition, opposite results
were detected. The PUE at the second P increment was markedly increased by
"76% for the salt-treated plants, compared with an abrupt reduction amounted by
41.5% for the control treatment. These results would indicate that salt stress
conditions were: conductive to stimulate PUE by 40%. To great extent, the
higher values detected for PUE under saline condition are coincided with the
trend of growth index parameters rather than the data of grain yield
components, supporting the view of high energy consumed for mineral nutrition
processes in the salt-affected soil (Strogonov,1962 and Vaisel, 1972).

The results presented in table 3 indicated that the uptake efficiency
(PULE) of each P unit increment at the variable Zn and salinity treatments
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followed up the same trend of PUE data. In all cases, the values of PU,E were
relatively lower than the calculated PUE, revealing that P uptake may be
partially restricted during the translocation processes within the plant parts,
acting for less P accumulation in grains.

Table 3: The calculated values of phosphorus uptake efficiency (PU,E,%) as

influenced by the main effects of P, Zn and salinity and their interactions.
P increments

Treatment T unit 5 anit Mean
Zn- P interaction
Zn application

Foliar 36.07 4325 39.66
soil 13.17 ' 13.66 13.39

Mean 2461 28.46

Salinity -P interaction
Salinity

Control 30.29 16.57 2343
5000 ppm 21.46 37.99 29.73

Mean 2588 27.28

Evidences have shown that P-Zn interaction at the root-site interface
were associated with translocation problems to the aerial parts (Khan and
Zende, 1977 and Murphy et al., 1981). On the other hand, it should be
emphasized that the higher predicted values of PUE are basically derived, only,
from grain yield data, that takes into account all the involved limiting factors,
which is not the case for PU,E assessment. Accordingly, it seems possibly that
beside the main determinal effect of grain P content on PU,E, some-additive
factors should be considered for estimating the PUE.
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