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ABSTRACT

Greenhouse experiment was conducted to study the
effect of saline irrigation water and potassium fertilizer on
soil salinity and wheat (Triticum sestivum L.) cultivar
were grown on two soils. The irrigation water salinity, EC,,
were 0.61, 4.69, 9.38 and 14.06 d Sm™", The K-fertilizer
rates were 0, 1.0, 2.0, 3.0 and 4.0 g pot”’ as K;50, Wheat
cultivar, Giza 168 was grown to maturity on alluvial and
calcareous soils, Soil properties, wheat yield and yicld
components were determined and statistically analyzed,

The results revealed that the increase in EC, of
alluvial soil te 5.74,11.48 and 16.95 dSm™ was almost
proportional to the EC, of 4.69, 938 and 14.06 dSm™',
respectively compared with an initial ECe of 1,97 dSm™.
With calcareous soil, the corresponding ECe values were
5.98, 11.96 and 18.58 dSm™ for the ECw of 4.69, 9.38 and
14.06 dSm™*, respectively compared with an initial EC, of
205 dSm™. A quantitative approach with linear regression
revealed that the slopes were 1.13 and 1.17 for alluvial and
calcareous sail, respectively.

The resuls indicated that wheat grain and biological
yield significantly decreased as salinity was increased. The
decreasing percent of grain yield over the controi
treatment were 18.29, 45.55 and 57.07% for EC,, 4.69,9.38
and 14.06 dSm™', respectively. The corresponding values of
the biological yield were 16.74, 36.09 and 46.37%,
respectively. However, the 100-grains weight was not
affected by salinity EC, to 4.69 dSm™ (4.45g) then followed
by a reduction to 3.83 g as EC, increased to 14.06 d Sm’.
The same trend was also obtained for the yield
components: spikes numbers and spikes weight per pot
were being reduced by 41.75 and 48.46 %, respectively at
the ECw of 14.06 dSm™'. Such dropping was significantly
varied within K fertilizer rates. Average all over salinity
and soil types, the K fertilizer rates 3.0 and 4.0 g/pot gave
maximum response for Giza 168 grain yield. The same
trend was also obtained for the biological yield and the
yield components. However, the differences between 3.0
and 4.0 g/pot were not significant for all studied
characters.

With respect to soil types, wheat produced more
grain in clay than in calcareous soil, being 33.93% greater
while biological yleld was 30.68%. The 100-grains weight
was significantly not affected by soil types. The results
indicated that the potassium— use efficiency(KUE) reached
the highest value (6.43) at the fertilizer rate of 3.0 g/pot.
Average all over soil types amd at control salinity
treatment, increasing the K level from 1.0 to 2.0 g /pot
brought an increasing in KUE from 4.25 to 6.40 whereas
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decreased to 4.46 by the further increasing of K level to
4.0 g /pot. At salinity 4.69 dSm™, the KUE was obviously
appreciably greater than at high salinity. The KUE values
at 3.0 g /pot level reached 5.20, 4.86 and .99 for 4,69, 9.38,
and 14,06 dSm™', respectively. This general pattern of yield
—K response was found to madify according to salinity and
maximum permissible of EC,, should not exceed than 4.69
dSm™ to offset soil degradation and to obtain the
economical productivity of wheat,
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INTRODUCTION

Maximizing the production of salt affected soils
through fertilizer application is a necessity to provide
adequate food for the present population. Wheat is one
of the important cereals for human consumption and is
grown under irrigation and rainfall in Egypt. In some
areas, due to deficiency in supplies of high quality
water, the use of any available water, including drainage
or saline waters, become necessary. Such area is
expected to include soils vary in their salinity level
which may affect the growth and yield of crops. Since
the saline water has been proposed as alternative
irrigation source for wheat, attention should be drawn to
its positive and negative effects on yield potentials and
salinity status.

The inhibitory effect of salinity on plants as a
consequence of high salts concentration level has been
attributed to water deficit, salt toxicity, or nutritional
imbalance (Bernstein and Hayw~rd, 1958). Under such
conditions, sodium adversely atfects potassium supply
to the plants (Pearson and Bernstein, 1958; Mustafa ef
al., 1966 and Balba and El Etreiby, 1980). Potassium
has a significant role in plant physiology ds a cofactor
or activator for many enzymes of carbohydrate and
protein metabelism and as a stomata osmotic regulator,
(Helal er al,1975, El Sheweikh,1980 and El-Haddad
and O'Leary, 1994, El Sayed et al., 1996, Moussa, 2000
and Magda and El-Mahgoby, 2006). Helal et af., (1975)
and Hylton et al., (1967) reported that the addition of K
to the root medium of barley and rye grass was found to
reduce the harmful effects of high Na. Results of Storey
and Wyn Jones (1978) on barley showed a decrease in
potassium of the shoot and root tissues when plants were
subjected to sodium chloride stress. The response of
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plants to potassium differs according to plant species
and salinity levels and the ratio of K/Na. Dvorak et al,
(1994) pointed out that the K /Na ratio is one of the
factors responsible for the higher salt tolerance in wheat.

However, salinity as a factor depresses progressively
the yield of wheat, which is consequently rated as salt
tolerant among other field crops. The data obtained by
Richards (1954), Gawish et al. (1999) and El- Etreiby,
(2002) indicated that wheat is generally considered to be
moderately tolerant to salt. Under any case, salinity
hazards are present because of arid condition and
supplementary irrigation, (Massoud er al, 1989).
Moreover, potassium as an essential plant nutrient and
soil salinity are factors have among other factors a greet
effect on soil productivity. Information about these two
factors potassium and salinity are very important for
yield production of salt affected soils. The objective of
this study was, therefore, to study the effects of
irrigation water salinity and potassium application on the
soil salinity and wheat production grown on alluvial and
caicareous soils.

MATERIALS AND METHODS

A green house experiment was conducted at the Soil
Salinity Lab., Alex., on two soils with wheat grown to
maturity, the first soil represents an alluvial soil
(Torrifluvent), while the second represents a desert
caleareous soil {(Calciorthids). Soil samples were taken,
air-dried and the soil paste extract was analyzed for pH,
EC. and soluble cations and anions according to
Richards (1954). Organic carbon, total CaCO; and total
N were determined as mentioned by Black {i1965).
Mechanical analysis was carried out (Day, 1965) and
indicated that their samples composed of 25,0 % sand,
32.5 silt and 42.5 % clay and 62.0% sand, 15.4 % silt
and 20.6% clay and their textural group was clay loam
and sandy clay loam, respectively. The total N in the
alluvial and calcareous soil was 0.22 % and 0.09%,
respectively. The main chemical characteristics of the
two studied soils are given in Table (1).

Experimental Procedure:

Wheat (Triticum aestivum L.) cultivar Giza 168 was
planted on Dec. 8, 2004 and Nov. 29, 2005 in pots.
Each pot, 33 cm in diameter and 29 cm deep, was filled

with 26 kg of soil. Three weeks latter, thinning was
conducted to 5 seedlings/pot until maturity. A uniform
application of P-fertilizer at the rate of 6.49 kg P feddan’
was added at planting in the form calcium super-
phosphate (6.54% P). Nitrogen in the form of NH,NG,
(33.5%N) at rate 74.40 kg N feddan™ was applied into
three parts, 20 % prior to sowing, 40% at the first post-
emergence irrigation and again 43 days later. The K
fertilizer treatments were at the rates of 00, 1.0, 2.0, 3.0
and 4.0 g K-fertilizer pot™' as K,S0, (39.84% K), which
correspond to 0, 16.2, 32.3, 48.5, 64.64 kg K feddan™.
All other recommended cultural practices were applied.

Thirty days after planting, the saline waters treatments
were initiated in amount equal to field capacity phus that
required achieving leaching fraction of 20% to avoid
salt accumulation in the pot. The saline waters
treatments were 0.61, 4.69, 9.38 and 14.06 d Sm™'. At
harvest, wheat biological (straw + spikes weight) and
grain yields (g /pot), spikes numbers/pot, 100 grains
weight (g} and spikes weight/pot (g) were recorded. A
mathematical approach was used to calculate the slope
of polynomial and exponential regression equations
described the effect of K-fertilization and salinity of
irrigation water on wheat production. Nitrogen— use
efficiency, in terms of yield produced per applied
potassium unit was estimated. The treatments were
arranged in a complete randomized design and
replicated three times. The results obtained were
statistically analyzed using the pooled data over the two
seasons by using personal computer according to
Dagnelie (1975).

RESULTS AND DISCUSSION

Soil Salinity

Table (2) and Fig. (1) illustraic the effect of saline_
irrigation water having EC, of 4.69, 9.38 and 14.06
dSm™ on the average final EC, of alluvial soil that
increased to 5.74, 11.48 and 16.95 dSm™, respectively
compared with an initial EC, of 1.97 dSm™. With
calcareous soil the salinity (ECe) reached 5.98, 11.96
and 18.58 dS.m"' for the water containing 4.69, 9.38 and
14.06 dSm"', respectively compared with an initial EC,

Table 1. Main chemical characteristics of the investigated two soils.

Soil EC Total soluble anions(cmol.L"' ) soluble cations
dSm' pH  CaCO; (cmol.L™") SAR
M CO,” HCO™ CI° SO~  Ca® Mg" K Na'
Alluv. 197 7.50 241 - 2.59 11.33 5.66 418 3.07 036 1205 6.33
Cale, 205 8.22 3210 - 2.70 11.80 590 435 320 037 1255 646
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of 2.05 dSm™'. This increase was almost proportional to
the EC, of irrigation water, agreed with the values
obtained by Singh and Marain (1980), Ei-Haddad er af.
{1993), Sobh ef al. (1997), El Etreiby er al. (2002) and
El Ashtar, (2004). In other words, particularly for soil
salinity, linear regression was definitely the more
suitable to describe the increase of EC, as functions of
saline irrigation water EC,,.

Yoo =0.936+1.127X 061 <X <1406 R*=0997 (1)

Yo =0.999+1.167X 061X <1406 R2=0998  (2)

Where, X is the EC, (dSm™). Y and Y, are
EC. (dSm™) for alluvial and calcareous  soils,
respectively,

The positive slopes of the previous equations
confirmed the harmful effect of salt stress in irrigation
water on soil salinity. The slopes were 1.13 and 1.17
for alluvial and calcareous soil, respectively. With this
saline water concentration, wheat growth would be
affected; therefore, EC,, of irrigation water should not
exceed 4.69 dSm. Repeating soil flooding with free
drainage should be practiced in highly saline soils only.
The use of saline water, EC,, = 9.38 dSm"' in irrigated
agricuiture can not be sustained without periodic
application of chemical amendments to offset this
degradation and to enhance optimum plant growth and
soil productivity.
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Fig.1. Soil salinity of the studied soils as a function
oof irrigation saline water

Effect of salinity EC,, on wheat yield

As shown in Table (3), averaging the results from the
K fertilizer rates and soil types, salinity in irrigation
water significantly reduced all studied traits. At salinity
of 14.06 dSm™, the decreasing compared with control
was 57.07% for grain and 46.37% for biological yield.
Reduction was markedly less for biological than for
grain yield. According to the slopes of equations (3} and
(4), the reduction of grain: biological ratio was 1: 0,72,

Table 2. Main properties of the two studied soils as affected by irrigation water salinity after crop harvesting.

EC, EC, Soluble Cations Soluble Anions
—dSm™ . PH meq/l SAR
Ca™ Mg~ K" Na’ CO; "HCOy ClI°  SO,”
Alluvial -
06f 197 750 418 307 036 1205 - 259 1133 5.66 6.33
469 574 760 875 708 057 3975 -- 262 4727 6.25 14.13
938 1148 763 1066 936 063 7091 - 288 91.78  20.15 29.76
1406 1695 770 1445 1325 140  139.50 - 317 13795 2136 37.48
Calcareous
0.61 2.05 822 435 320 037 1255 - 270 1180 590 6.46
469 598 798 1075 930 049 3923 - 273 4924 780 12.39
938 119 821 1330 9236 066 9590 - 288 9178 2021 28.25
1406 1858 823 1920 1085 134 144.05 - 473 13967 4139 3716
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Table 3. Mean values of different characters of wheat Giza 168 cultivar a affected by soil type, K fertilizer

rates and saline water treatments

Characters Sk -
Factors G{:&:&r‘ie)ld Bloloﬁg;:” v;'eigllt 100 grnégf weight  Spikes NoJ/pot p'(p‘:f)'g
Soil type
Alluvial 55.96a 122.08a 4208 26.45a 91.17a
Calcareous 3697 84.62b 4.25a 16.48b 59.07b
L.S.Dy s 3.22 6.65 0.15 i.15 4.56
K -Fert.(g/pot)
0 41.284 100.42¢ 3.91d 19.83d 67.08¢
10 45.31cd 111.54bc 4.10cd 20.83ab 72.08bc
20 49.95bc 112.29b¢ 4.23bc 21.63ab 74.17be
30 51.63ab3 116.67ab 4,38ab 22.20ab 78.29ab
4.0 56.64a 125.83a 4.52a 22.83a 83.86a
L.5.Dg.gs 5.09 10.52 0.23 1.82 7.21
Salinity (g/1}
0.61 70.18a 150.73a 4.55a 28.50a 102.50a
4.69 57.34b 125.50b 4.45a 22.77b §1.00b
9.38 38.21c 96.33¢ 4.08b 18.00c 64.13c
14.06 30.13d 80.83d 3.83¢ 16.60c 52.83d
L.S.Dyos 4.56 9.41 0.21 1.63 645

However, the 100—grains weight was not affected by
salinity EC,, of 4.69 dSm™ (4.45g) then followed by a
reduction to 3.83 g as EC,, increased to 14.06 d Sm™".
Younes ef al. (1995) and El Etreiby (2002) reported
similar results.

The same trend was also obtained for the yield
components: spikes numbers and spikes weight per pot
were being reduced by 41.75 and 48.46 %, respectively
at the ECw of 14.06 dSm™'. The exponential equation
was used to express the grain and biclogical yield as a
function of saline irrigation water EC,:

Yo=T4217 exp (- 6,543 E-02* X} 061 <X <1406 R =089 (k)

Yo«I154829cxp (- 4737 E-02* X) 061<X<1406 R'=0994  (4)

Where, Y and Yy are the grain and biological vield
(&/pot) and X is the EC,, (dSm™'). The slopes are
confirmed that reduction was markedly less for
biologica! than for grain yield.

Effect of K —fertilizer on wheat yield
Averaging all over salinity (EC,) and soil type

treatments, the grain and biological yield were increased
with increasing K fertilizer rates. The increasing per

cent of grain yield over the control treatment were 9.76,
21.00, 25.07 and 37.21% for 1.0, 2.0, 3.0 and 4.0 g
K/pot, respectively. The corresponding values of the
biological yield were 11.07, 11.82, 16.18 and 25.30 %,
respectively. The biological yield was much less
affected by K-fertilizer rates than g, 4in yield.

On average soil type, Table (4} and Fig. (2} Illustrate
that as salinity increases response curve occupies a
tower position; indicating that salinity was the main
retarding factor to growth. .In other words, the response
of grain yield to K application at the four EC, was
expressed as polynomial regression.

¥Y=57.37+892X-0.96 X* at controt RZ=095 (5)
Y=49.58 +3.06 X - 027 X*> atEC, 4.69dSm” R'=098 (6)
Y=3028+2.72X-0.58 X!  atEC, 938dSm" R*=099 (7)

Y=2544+299 X-0.012 X!  atEC, 14.06 dSm™ R*=0.98 (8}

Where Y is grain yield (g/pot) and X is the K-
application in ( g pot.”).
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Fig. 2. Effect of K fertilizer and irrigation water
salinity average all soil type on wheat grean yield,

. The slopes of the previous equations revealed that
the efficiency of K fertilization was reduced as salinity
increased.

Soil type

On average K- fertilizer rates and salinity (Table 3),
wheat produced more grain in alluvial than in calcareous
sail, being 33.93% preater while biological yield was
30.68%. The 100-grains weight was significantly not
affected by soi] types. Perhaps and most probably the
alluvial soil meets fully the nutritional requirements for
grain formation as it is more rich in nutrients than
calcareous soil. The same trend was also obtained for all
studied traits and significantly differed except the 100
grains weight,
Potassium— use efficiency under salinity stress

Potassium— use efficiency (KUE), in terms of yield
produced per applied nitrogen unit under salinity stress
was estimated by (Y~Y /N,

EL-ASHTAR, A AND F. ELETREIBY: RESPONSE OF WHEAT GROWN ON ALLUVIAL AND CALCAREQUS SOILS TO ...

Where, Y, is yield obtained from K treatments, Y. is
yield obtained from control and N, is applied potassium
rates. The grain yield and K- use efficiency is presented
in Tab. (4).

The potassium—- use efficiency (KUE) reached the
highest value (6.43) at the fertilizer rate of K fertilizer
3.0 g/pot. Average all over soil types and at control
salinity treatment, increasing the K level from 1.0 to 2.0
g/pot brought an increasing in KUE from 4.25 to 6.40
whereas decreased to 4.46 by the further increasing of
K level 10 4.0 g/pot. At low salinity (4.69 dSm'™"), the
KUE was obviously appreciably greater than at high
salinity. The KUE values at 3.0 g /pot level reached
5.20, 4.86 and 3.99 for 4.69, 9.38, and 14.06 dSm™,
respectively. The same technigue using the polynomial
regression was used to describe the effect of K fertilizer

Kk

Bffimianm: vala

P T T T R

0.0 1.0 20 30 4.0
K-fertilizer ratas (g/pot). i

—~——

Fig.3. Potassium fertilizer efficincy as affected by K
rates and irrigation water salinity

Table 4. Effect of K-fertilizer rates and EC,, with average all over soil type on the mean grain yield and

potassium use efficiency (KUE).

Grain yield (g/pot} K-Efficiency

Water

salinity, K-fertilizer rates K-fertilizer rates
EC,

(dSm™) 0 1 2 3 4 0 1 2 3 4

£ K/pot g K/pot

0.61 58.60 62.85 71.39 77.90 76.42 0 425 6.40 6.43 446
4.69 49.34 53.08 57.77 59.74 66.73 ] 174 422 5.20 4.35
918 30.15 32.65 36.60 39.86 46.77 0 2.51 3.23 4.86 4.16
14.06 25.20 28.69 32.00 33.18 37.66 ] 2.82 3 Al 3.99 3.1
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rates at four satinity levels on KUE and the four lines
were assumed to have the same intercept on the yield
axis.

Y=00+527X~1.0¢4X"  at contral R'=099 (9
Y=00+312X-048 X @ EC, 469dSm” R¥*=095 (IO
Y=00+264 X-039 X*  atEC, 9.384Sm” R?=096  (11)

Y=0.0+2.86 X-0.53 X> atEC, 14.06dSm™" R*=097 (12

This general pattern of yield -K response was found
to modify according to salinity and maximum
permissible of EC,, should not exceed than 4.69 d Sm™
to offset soil degradation and to obtain the economical
productivity of wheat.
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