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ABSTRACT

A pot experiment was carried out tu study potassium efficiency for wheat crop as
affected by soil type (clay loam and sandy loam), and K fertilizer levels under
conditions of El-Sharkia Governorate soils.

The observed resuits can be summarized as follows:

1-Potassium addition tended to increase the dry weight (g pot™) of wheat plant during
different growth stages.

2-Values of potassium uptake {mg pot“) were increased in clay loam snil more than
sandy loam soil. The highest values were at harvest and at fertilizer level K,
compared with control treatment.

3-Addition of potassium fertilizer for wheat crop led to significant in creases in the
grain and straw yields in both studied soils.

Keywords: Potassium, Wheat, Soil types, Sharkia Governorate soil.

INTRODUCTION

Potassium is a basic element in piant fertilizers. Plants fal! flat without it.
They need potassium to controf the water content of their stems and leaves.
Without enough potassium, plant leaves become limp and cells can't
elongate. Potassium is not a constituent of any plant structures or
compounds; it plays a part in many important regulatory roles in the plant
(Marschner, 1995).

‘It is essential in nearly all processes needed to sustain plant growth
and reproduction. It plays a vital role and has many functions in plant growth:
- Photosynthesis, Translocation of photosynthesis and Lhis agree with
Gardener et al., (1985), so the rationale for potassium additions must be to
maintain s0ils just about the critical level. Wheat (Triticum aestivm s.sp.
vulgare) is one of the most important cereal crops in the world; it is very
important to increass wheat production because the local production is not
+ufficient to supply the annual demand of local requirements. Genaidy and
Hegazy (2001) resuits showed that 24 kg K.Offed... (As K,80, fertilizer)
significantly increased the yields of wheat. Tahir et al., (2001) pointed cut that
potassium deficiency substantially decreased grain yield, straw yield, total
biomass, K concentration in cell sap, grain and straw and K uptake in grain,
straw and total K uptake. Saifullah and Classen (2003) found that application
of potassium significantly affected sodium concentration in both grain and
straw of wheat, maximum concentration being at control. Zhang et al., (2004)
showed that potassium applications at 37.5-112.5 kg K;O/ha increased
chiorophyll content and photosynthetic rate of the leaf and kernel filling rate
and 1000-seed weight. .
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Therefore, the objective of this investigation was to study the effect of
different levels of potassium on growth, yield and potassium uptake by cotion
crop grown on two soil types (clay loam soil and sandy loam soil) under the
Sharkia Govemorate conditions.

MATERIALS AND METHODS

A pot experiment was conducted in Bilbies, EL-Sharkia Governorate
Egypt to study potassium uptake efficiency on the growing wheat crop on
two soil types of (clay loam soil and sandy loam soil), and K fertilizer levels
under conditions of El-Sharkia Governorate, during 2004 season.

Studied soils:

Two surface soil samples (0-30 cm) were collected from Bilbies
District, Sharkia Govemnorate. The soil samples represented two types (clay
loam soil and sandy loam soil). ) )

Containers:

Plastic pots of 55 em. diameter were used. Two plastic tube of 60 to
70 cm length was put in each pot on two sides by different deeps to improve
the soil aeration. Each pot was filled with 50 kg air-dried soil.

Statistical design:

The experiment included 2 soil types {clayey loam soil and sandy loam
soil), and 3 levels of potassium having 6 treatments, arranged as randomized
block with 4 replications and giving a total of 24 pots. The statistical analysis
of the data was done according to Snedcor and Cochran {(1990).

Wheat experiment:

Twenty wheat graing (Sakha 93.V.) were cultivated in each pot for
each type of soit in 15/11/2004,

» P,05 was added at the rate of 15 kg fed” (4.9 g single superphosphate
15.5% P,05 pot™) before sowing.

= The nitrogenous fertilizer was added in two doses Jevel after 30 and 60
days from sowing at the rate of 75 kq N fed’ as ammonium sulphate
{18.2 g ammonium sulphate 20.5 % pot™).

Potassium treatments:
Potassium sulphate (39.8% K) was added at two doses level, after 30

and 70 days from sowing as follow:

1. No fertiiizer K (control).

2. 18 kg. K fed” (900 mg. K pot™). The recommended dose.

3. 27 kg. Kfed' {1350 mg. K pot™'). The recommended + 50%.

For irigation, the pots were imrigated at 70% of the field capacity or
according to needing of plants.

Piant and scil sampies were taken after 45 days from cultivation {green
growth), 90 days from cultivation (opening of the flowers) and 150 days at
harvest. Plant samples were oven dried (at 70 °C), crushed for analysis,
prepared for K determination and measuring the ratio of protein in grain.

Soll analyses:
General soil analyses:

Table 1 shows some physical and chemical proper tlies of the
experimental soils. These methods were used according to the giobal
standard methods of scil studies.
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Table 1: Some physicail and chemical properties of the experiment soll
before cultivation.

Soil characteristics Clay loam soil | Sandy loam soil
Loarse Sand% 33.82 58.94
Mechanical ine Sand% 9.45 11.46
analysis Silt% 24.26 12.38
IClay% 3247 17.22
exture Class Clay loam Sandy loam
H* (in suspension) 8.73 8.76
EC™ dSm™ (soil Paste extract) 0.35 0.38
Some physical and g:ﬁ/oa 132 gg?
ichemical propertiesz—— - -
. ao OP (Saturation ‘/.) . 70.06 §6.13
of the studied soils CEC 55 86 T
ESP% 545 7.75
. IC % 0.21 LT
Soluble Cations _M_ag = ggg . ggg
{meq L solution) & 1.17 2.73
Total K’ 11.03 B.95
Ktorms (mea 1009 Soiuble K 0.016 0.009
xch K 1.60 0.98
COy 0.00 0.00
Soluble Anions [HCO,~ 0.22 0.36
{meq L" solution) [CI’ 0.35 0.05
50, 0.74 0.59
. . [Nitrogen (N} 9.02 416
Avallat()‘l,eﬂgl.)utnents hosphorus {P) 3.20 156
otassium (K) 26.6 13.05

*  pH was determir:ad in saturated soil paste.
** EC and soluble ions were determined in soil paste extract.

=Mechanical analysis for soil was carried out using the pipette method as
deczribed by Dewis and Fertias (1970).

¢ Soil arganic matter content was determined by Walkley and Black method
described by Hesse (1971). °

« Soil reaction (pH} was measured in soil paste using combined electrode pH
meter as mentioned by Richards (1954).

» Total Soluble Salts were determined by measurmg the electrical condUCtIVlty
in the extract of saturated scil paste in dSm™ as expiained by Jackson
(1967).

«The amounts of water soluble cations (Ca’*, Mg™*, Na" and K°) & anions
(CO3°, HCOJ, CI' and SO47) were determined in the extract of saturated
soil paste by the methods described by Hesse {(1871).

e Soluble potassium (K') was determined by using flame photometer.

= Available potassium was determined by extracting soil with 1.0 N
ammonium acetate at pH 7.0 as described by Hesee (1971).

Analyses of soil potassium:

Total potassium in soil was determined by digesting 0.1 g of fine soil
0.2 mm with concentrated HF and HCIO, acid Jackson (1958). Aiso total
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potassium in soil fractions of 0-30 cm samples (total sand (coarse fine, silt
and clay) was determined by the some method.

The following analysis was done in 0-30 cm sampies:

= Water soluble potassium was determined in saturation extract according to
Richards {(1554). ‘

» Exchangeable potassium was determined by extracting 5 g soil with one N
NH.OAC (pH 7)., and subtracting water soluble K aocordlng to Hesse
(1971).

Plant uptake caiculation:
The uptake of nutrients by plant organs was caiculated by multiplying
element concentration by dry weight of plant.

Potassium in plant tissue:

* 0.2 g dry ground plant material was digested by a -mixture of H,S0,
and HCLO, acids as described by Peterburgski (1968).

* Potassium in all soil extractions and plant acid dlgestlon was
determined using a flame photometer

RESULTS AND DISCUSSION

1. Dry weight of wheat plant:
1.1. Effect of soii type:

Data in Table 2 and Fig. 1 reveal that the dry weight means of wheat
plants were increased high significantly in-clay loam soil more than sandy
loam soil at all growth stages. This is due to-the better growth for wheat in
clay loam soil more than sandy loam soil, potassium application and root
existence beefy for wheat in clay foam soil. This result could be enhanced by
that obtained by El-Dessougi et al.,, (2002).

1.2, Effect of potassium levels:

Data in Table 2 and Fig. 1 reveal that the dry weight of wheat plants
were increased gradually due to the incremental addition of K fertilizer during
both growth stages. The increase reached to the level of significance. This
result could be enhanced by that cbtained by Tahir f a/., (2001).

1.3. Effect of the interaction:

Data in Table 2 and Fig. 1 reveal the highly significant effects were
observed on the dry matter due to interaction between soil types and K led of
wheat plants at both growing stages on both soil types. This result could be
enhanced by that obtained by Wong et af., {2001).
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Table 2: Means of dry weight (g pot”) of wheat plants as affected by soil
type and K levels at different growth stages.

IV Days after sowing
| A- Soil tvpe Potassium levels 45 90
i Control 1377 14.34
Clayey loam K, 15.07 18.53
K 17.64 25.25
Mean 15.49 19.37
Control 11.85 11.36
Sandy loam K, 14.83 16.62
Ka 16.35 18.07
Mean 14.34 15.35
F Test A o o
LSD B 0.08* 0.05*
LSDAXB 0.10** 0.07+
! B Days 45 B Days 90
' Clay lgam Sandy loam
g ;
2 |
=
=
i
: |
£ |
= !
|
K fertilizer levels I

Fig. 1: Means of dry weight (g pot™) of wheat plants as affected by soil
type and K levels at different growth stages.

2. Dry weight of grain and straw:
2.1. Effect of soil type:

The dry weight means of grain and straw were increased high
significantly in clay loam soil more than sandy loam soil at all growth stages.
This is due to the better growth for wheat in clay loam socil more than sandy
loam soil, potassium application and root existence beefy for wheat in clay

loam soil. This result could be enhanced by that obtzined by Tahir et al.,
(2001).

2. 2. Effect of potassium levels:

Data in Table 2 and Fig. 1 reveal that the dry weight of grain and straw
were increased gradually due to the incremental addition of K fertilizer during
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both growth stages. The increase reached to the level of significance. This
result could be enhanced by that obtained by Abiye-Astatke ef al., (2004).

2. 3. Effect of the interaction:

Data in Table 3 and Fig. 2 reveal the highly significant effects were
observed on the dry matter of grain and straw due to interaction between soil
types and K led of wheat plants at both growing stages on both soil types.
This result could be enhanced by that obtained by Kanzikwere et al., (2001).

Table 3: Means of grain and straw dry weights (g pot™) of wheat plants
as affected by soil type and K levels at different growth

stages. =
Potassium Dry weight t GIS Protein
A= Soll e levels | Grains | Straw | Ratio | %
Control 6.56 14.52 0.45 8.06
Clay loam K T.22 15.21 0.48 12.10
K2 8.36 VY,eY 0.58 13.67
Means 7.38 15.75 0.50 11.61
Control 6.12 14.32 0.43 8.63
Sandy loam K1 7.28 16.91 043 9.45
Kz 7.56 VA2t 0.53 10.24
Means 6.92 16.58 0.46 9.45
F Test A ' - = ')
LsSD B 0.24* 0.18™ -- 0.027*
LSDAxE 0.30" 0.27 - 0.30*
B Grains B Straw
Clay loam Sandy loam

Dy weight of G & 5

Crrl Kl K2 Cirl Kl K2
K- Fertilizer levels

Fig. 2: Means of grain and straw dry weights (g pot™) of wheat plants as
affected by soil type and K levels.
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3. K (%) in tops of wheat plant:

3.1. Effect of soil type:

Data in Table 4 and Fig. 3 show the K % means of wheat plants were
increased high significantly in clay loam soil more than sandy loam soil at all
growth stages. This is due to potassium concentration in the first stage of
growth is higher and result for dilution effect by age advancing. These results

agree with those found by Genaidy et al., (2001).

Table 4: Means of K (%) in wheat as affected by soil type and K levels at

different growth stages.
i Days after sowing |
A-Sol fype Potassium levels 45 90
Control 1.40 2.16
Clay loam Ky 2.24 2.18
i 2.87 2.19
Mean 217 2.18
Control 1.70 1.93
Sandy loam K 2.08 1.894
K, 2.28 2.14
Mean 2.02 2.00
F Test A o i
LSD B 015 0.25"
LSDAxB 0.80 = 0.30"
|
‘ B Days 45 B Days 90 .
" Clay loam Sandy loam
is 1
| & 31 — —
S ]
= 2 - ey r’o:q ::I" e - :;;r".l |
| - = = = = = =R
E s B et i R e
| i ] s [ ] ] |
EREEE G R GRS G SR N
= Lo ] e o e g |
0.3 e ] =g Lo ] sl
o L RS e 2 S A px] |

Ctrl

Kl

K2

K-Fetilizer levels

Crrl

[

Fig. 3: Means of K (%) in wheat as affected by soil type and K levels at

different growth stages.

10685




Meshref, H.A. et al.

3.2. Effect of potassium leveis:

Data in Table 4 and Fig. 3 reveal that the K % in tops of wheat plants
were increased gradually due to the incremental addition of K fertilizer during
both growth stages. The increase reached to the level of significance. These
results agree with those found by Genaidy et al., (2001).

3.3. Effect of growth stages:

Data in Tabie 4 and Fig. 3 reveal that values of K % means in the dry
matter of wheat plants were decreased with the advance of the season in
both soil types. This result could be attributed to the dilution effect, where the
production of dry matter tended to increase with the advance of the season
similar result was obtained by Genaidy ef al.,, {2001).

3.4. Effect of the interaction:

Data in Table 4 and Fig. 3 reveal the highly significant effects were
observed on the K % of wheat plants due to interaction between soil types
and K led of wheat plants at both growing stages on both soil types. These
results agree with those found by Wong et al., (2001).

4. K {%) in grains and straw of wheat:
4.1. Effect of soil type:

Data in Table 5 and Fig. 4 show that the means of K {%) in grains and
straw of wheat as affected by soil type and K levels at harvest. Increased
significantly K (%) in straw than K (%]} in grains in both soil types and
increased in grains under clay loam soil compared with those grown on the
sandy loam soil at different growth stages. This is may be due to the more
available potassium existence in the clay loam soil. This result could be
enhanced by that obtained by Johnston and Claassen (2003).

4.2. Effect of potassium levels:

Data in Table 5 and Fig. 4 show the means of K (%) in grains and straw
of wheat as affected by K levels at harvest. Increased significantly K (%) in
straw than K (%) in grains in both soil types and increased at K, level
compared with control treatment due to the incremental addition of K fertilizer
during both growth stages. This result could be enhanced by that obtained by
Singh et al., {2002).

4.3. Effect of the interaction:

Data in Table 5 and Fig. 4 reveal the highly significant effects were
observed on the K % of wheat plants due to interaction between soil types
and K led of grain and straw at both growing stages on both soil types. This
result could be enhanced by that obtained by Saifullah et al., (2003).

10686



J. Agric. Sci. Mansoura Univ., 32 (12), December, 2007

Table 5: Means of K (%) in grains and straw of wheat as affected by soil
type and K levels at harvest at different growth stages.
. K %
A- Soil type Patassium lovels Grains Straw
Control 0.64 1.22
Clayey loam Ki 1.19 2.25
K2 1.33 2.40
Mean 1.05 1.95
Control 0.51 1.20
Sandy loam Ky 0.69 1.69
Ks 0.80 2.59
_Mean 0.67 1.83
F Test A - -
LSD 0.03* 0.04™
LSDAxB 0.04™ 0.05"
| @ Grains Steaw |
Ciay loam Sandy foam |
3 -\‘ H
2.5 ‘
s | +——F A5 b w =
0.5 : b A W -
o o & ¥ ; S
; Crrl K1 K2 Ctrl Kl K2
‘ K- Fertilizer levels

Fig. 4: Means of K (%) in grains and straw of wheat as affected by soil
‘type and K levels at harvest of 2004 season.

5. K uptake of wheat plants
5.1. Effect of soil type:

Data in Table 6 and Fig. 5 show the K uptake (mg pot') by plants as
affected by type and K levels at different growth stages. Potassium uptakes
was increased high significantly in both soil types and in clay loam soil more
than sandy loam scil. This resuit is due to K application and of potassium
availability by clay loam soil than sandy loam soil. These findings fully confirm
the results of Genaidy et al., (2001), Johnston and Claassen (2003).

5. 2. Effect of potassium levels:

Data in Table 6 and Fig. 5 show that K uptake {(mg pot™') of plants as
affected by K levels at different growth stages. The highest value was at K;
level in both scil types compared with control treatment, while the lowest
value was in sandy locam soil and control treatment, this may be due to the
incremental addition of K fertilizer during both growth stages. These findings
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fully confirm the results of Genaidy et af., (2001) and Johnston and Claassen
{2003).

5.3. Effect of growth stages:

Data in Table 6 and Fig. 5 show the K uptake (mg pot™) of plants as
affected by K levels at different growth stages. The resuits reveal values K
uptake were increased high significantly from 45 day to 90 days in both soil
types due to K appilication during different growth stages and of potassium
availability by clay loam soil than sandy loam scil. These findings fully conﬁrm
the results of Johnston and Claassen (2003).

5.4. Effect of the interaction: ‘

Data in Table 6 and Fig. 5 reveal the highly significant effects were
observed on the K uptake of wheat plants due to interaction between soil
types and K led of wheat plants at both growing stages on both soil types.
This result could be enhanced by that obtained by Wong et al., (2001).

Table 6: Means of K uptake (mg pot’ ') of wheat plants as affected by soit
type and K Ievels at different growth stages.

K2 Ctrl Ki K2
K- Fertilizer levels

Days after sowin
A- Soil type Potassium levels 45 Lso
Control 193.00 310.25
Clayey loam Ky 339.05 404.15
K. 506.20 552.04
Mean 346.08 422.15%
Control 204.15 219.00
Sandy loam : ' K 308.54 322.12
Ks 373.25 386.23
‘Mean 295.31 309.12
F Test A ** b
LSDB 58.00* 60.75**
LSDAXxB - 69.00* 78.31*
-~ " ]
W 45 Days 90 Days '
0 Clay loam Sandy loam
E 500 4o : f
E ., 400 - - o |
L {——E%Y R 7 i
I 2 100 { IS = R -
| 3 o R ey IR
E Ctrl Kt

Fig. 5: Means of K uptake (mg pot™) of wheat plants as affected by soil
type and K levels at different growth stages.
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6. K uptake by grain and straw of wheat plants:
6.1. Effect of soil type:

Data in Table 7 and Fig. 6 show the K uptake (mg pot") by grain and
straw of wheat plants as affected by scil type and K levels. Potassium uptake
was increased high significantly in straw than grain in both types of soil, and
increased in clay loam of soil than sandy loam scil was due to K uptake
increase in the plants, This result could be enhanced by that obtained by
Genaidy et al., (2001).

Table 7: Means of K uptake (mg pot'*)_ of grain and straw wheat plants
as affected by soil type and K levels.

K uptake (mg pot")
A- Soll type Potassium levels Grain. Straw Total
Cl4y loanfontrol 42.00 3488, [hard52.73
Clayey loam K, 86.12 342.23 428.35
K. 111.00 420.48 531.48
Mean 79.71 357.81 437.52
Control : 31.00 191.89 222 89
Sandy loam K, 49.25 28578 335.12
K, 60.00 479.67 539.67
Mean 46.75 319.11 365.89
F Test A - e o
LSDB 21.00** 42.98* 24.46*
LSDAXxB 30.42* 58.33** 30.07*
M Grains Steaw
600
w S0+- ——- e e - - - ——— - —
) =
O A0 e R R
T & o R [ A
2 100 {3 o A o T
Ctrl K1 K2 Crl Kl K2
K- Fertilizer levels

Fig. 6: Means of K uptake {mg pot™) of grain and straw wheat plants as
affected by soil type and K levels.

-

-
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6.2. Effect of potassium levels:

Data in Table 7 and Fig. 6 show the K uptake (mg pot™) by grain and
straw cf wheat plants as affected by K levels, K uptake increase at K, levels
compared with control treatments this may be due to the incremental addition
of K fertilizer during both growth stages. This result could be enhanced by
that obtained by Hu-ChengXiao et al., {2000).

6.3. Effect of the interaction:

Data in Table 7 and Fig. 6 reveal the high significantly effects were
observed on the K uptake of wheat plants between both soil types and
potassium fertilizer ievel. The highest means of interaction were in the straw
than the grains and were due to the potassium uptake increase in the in
plants. These findings fully confirm ed by the results of Wong et a/., (2001).

CONCLUSION

it can be concluded that most of the studied soils increased in its
content from available potassium by addition of potassium fertilizer and the
crop was increased by best form at the occasion soil for cultivation, where
wheat crop was increased in clay loam soil. These conclusions lead o
increase in the yield.
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