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ABSTRACT

Laboratory experiment was carried out during three month at 2006-2007 in
Soils Dept., Faculty of Agric., Mansoura Univ., Egypt, to study the effect of adding
two type of nitrogen fertilizers, ammomum squate and ammonium nitrate both of
rates (0, 100, 150 and 200 kg N fed™') and potassium fertilizer (i.e. 0, 80, 120 and
160 kg K20 fed™) on soil water potential under different soils.

The results of sorption curves illustrated that the most effective treatment on
increase maximum .hygroscopic water (M.H.W) was the thlrd one of any fertilizer
used in this study (200 kg N fed" or 160 kg K.O fed). Furthermore the most
affected fertilizer in clayey soil was potassium sulfate then ammonium Nitrate, but in
loamy soil it was potassium sulfate then ammonium sulfate at relative humidity
(R.H) 93%. In sandy soil potassium suifate was the affected one then ammonium
sulfate at R.H 100%.

Based on the results, adding chemical fertilizers had obvious effect on the
increase of (M.H.W) in all studied soils. Whereas they considered salts and may be
have ability to absorb high amounts of water especially potassium sulfate and
ammonium sulfate fertilizers. In addition they increase soluble salts in all studied
soils. E.C values of addmg 160 kg K20 fed™in clayey, loamy and sandy soils were
3.4, 3.0 and 1.9 dS m”, respectively. While E.C values of adding 200 kg N fed™'in
clayey, loamy and sandy soils were 3.0, 2.8 and 1.4 dS m™, respectively at R.H
93%.

Also, clayey soil was higher in its adsorption water content comparing with
loamy and sandy soils. This illustrates the effect of both soil texture and the
chemical fertilizers in soil water retention and accordingly its availability in soils.
Keywords: Soil water potential, Sorption curve, Ammonium sulfate fertilizer,

Ammonium nitrate fertilizer, K fertilizer, Soil suction.

INTRODUCTION

The measurement of soil water potential is one of the most common
kinds of soil analysis performed. The potential effects of soil water content
on the behavior of soil make it an important measurement in every type of
soil study. The relationship between soil water content and matric suction is
as the soil water characteristic curve. (Burckhard, et al., 2000).

The component of soil water potential showed by Mengel and
Krikby, (1982) which found that the water potential described by the
following equation:

Y=Y, +¥:;+¥,

Y, the pressure potential is numerically equal to the hydrostatic
pressure. Increasing the hydrostatic pressure increases the water potential
and for this reason the term ¥, has a positive sign.
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¥, the potential resuiting from the presence of solutes, and is called
the osmotic potential or solute potential. The introduction of solutes into
water reduces the water concentration. This decreases the water potential.

Y., the matric potential. it represents suction. This is the component
of the water potential made up by the effect of solid surface on the water
phase. Also, the concept of water potential has been introduced as a basic
means of describing water status and water movement. The concept useful
in allowing a uniform treatment of soil and plant water relation. Water
movement plays an important role in the water supply of plants. But total
soil moisture potential is often thought of as the sum of matric and osmotic
(solute) potentials.

Also, the important of soil water potential illustrated by Siller and
Frediund, (2001) which stated that the soil water characteristic curve can
be viewed as the continuous sigmoidal function describing the water
storage capacity of a soil as it subjected to various soil suctions. And
Fernandez-Galvez, (2005) showed that soil water retention curves (WRCs)
are required to predict the availability of water to plants and the movement
of water through the soil.

On the other hand, the presence of solutes in soil water affects its
thermodynamic properties and lowers its potential energy. In particular,
solutes lower the vapor pressure of soil water. The osmotic effect is
important in the interaction between plant root and soil, as well as, in
processes involving vapor diffusion (Hillel, 1980).

Also, Kirkham, (2005) confirmed that there are three cardinal
properties of a solvent (e.g., water): freezing point, which is lowered by
solutes; boiling point, which is raised by solutes; and vapor pressure, which
is lowered by solutes.

Therefore, the objective of the present work was to study the effect of
using nitrogen and potassium fertilizers rates on sorption water potential
under different soils.

MATERIALS AND METHODS

This experiment was conducted on three types of soils (clayey,
loamy and sandy sails) at Soils Dept., Faculty of Agric., Mansoura Univ.,
Egypt,. There were 12 fertilizer treatment, involved control (T) without NPK,
control N (A.Sq) without N fertilizer, control K (P.Sp) without K fertilizer,
ammomum sulfate fertilizers (20.6% N) with rates i.e.100, 150 and 200 kg
N fed’ (A.S;, AS; and AS3), ammomum nitrate fertilizers (33% N) with
rates i.e.100, 150 and 200 kg N fed” (A.N;, A.N; and AN 3), and potassium
sulfate fertilizers (48% K,0) with rates i.e. 80, 120 and 160 kg K,O fed™
(P.S,, P.S; and P.S,), all treatments replicated twice.

The studied soils were air dried, grinding and passed through 2 mm
sieve. Some physical and chemical properties of the experimental soils are
presented in Table 1. .
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Table 1. Some chemicai and ghyswal goperties of the studled soils.

Soil characteristics ‘ Clayey L o::::'ﬁ'pe Sandy
pH (in susPensnon ofsoilpaste) 732 = 7.38 ~  7.82
Some E.CdSm™ (in suspension 7
chemical 12.5) . 1.96 0.91 0.19
properties CaCO3; % - 2.00 1.00 0.30
O.M:/o . ) 2.18 1.71 0.00
: Ca’ - 5.10 4,30 0.70 *
oolble  pg™ - 490 210 0.40"
ations ¢ : y
(meq L") K . .- 080 0.30 0.10
Na - 9.00 2.40 0.70. -
COy™ ‘ .. 000 - 0.00 - 0.00
Solble - yicos™ 474 222 1.00
ions . .
meqly CL _ ool 89 1.98 0.80
SO, 5.95 4.90 0.10
N- NOa . 13040 = 42.50 0.00
Avalable N-NH, 7T UtU21840 C 13760 52.00
(Ppm) Phosphorus (P) ’ 3367 2030 ~ 9.56
: Potassium (K)" ' o 84600 ~ 440.00 - 82.00
Total Nitrogen (N} 026 0.14 0.07
nutrients Phosphorus (P) 70,08 0.04 0.002
(%)  Potassium (K) 6.47 5.89 244
Coarse Sand%: . 700 13.00 40.00
Fine Sand% . . - .8.00 - 20.00 55,00 .-
M:;:;’;',‘;a' sit% .. . . 2800 2000 300 .
Clay% . .. BsO0 . 38.00 2.00 .
" Texture Class Clayey Loamy Sandy
HW% . 836 552 0.29
" 8.P(saturation %) o © 7354 5479 23.86
F.C.% ' t 39070 0 - 27.40 " 11.20
W.P% 20.00 13.70 5.60
Some AW% 19'70-5 ‘~'-f~13.70_6 ~ 560 "
physical Hydraulic conductlwty (ms Y - 3.800° . - 3.50"10° 2.92*10
properties Bulk Density (g cma) =103 .. 1.22 .1.66
Real Density (g cm™) : : 2.10 2200 - - 280
Total Porosity% , .50.80 4450 .. . 36.20 -
Air Porosity (Ea %) 990 . . 13.90 17.70
Void Ratio (e) 1.04 0.80 - 0.60
6v "~ 0.41 ~ 0.31 0 19

The experiment was carried at (August 23"’ 2006) nitrogen_ fertlhzers
rates were divided lnto two equal doses, the 1% applied before currying
experiment and the 2™ after month of expenment but P and K fertilizers

applied as before currying experiment.

This experiment depends on sorption curve which was determined by
soil water- vapor pressure relationships according to Danielson {1980) and
as used by Hammad (1985). The pF of hygroscopic water (M.W.D) was

caiculated as described by Schofield (1935):

PF = 6.5 + log (2 — log R.H).
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Which R.H = relative humidity in percent.
The following saturated salts solutions were used to obtain the
different percentages of relative humidity (p/po).

Table 2. The saturated saits solution.

Sat. solutionsof saits  p/py* R.H (%) ** pF
LiCl - 0.15 15 6.4
CrO; 0.35 35 - 6.2
NH/NO; 0.65 65 5.8
NaCl . 0.75 75 56
KCl 0.85 85 53
NH,H.PO, ' 0.93 93 5
H,0 (distilled) . 1.00 100 -

*p= Vapor pressure of salts, *po= Vapor pressure of water.
**R.H= Relative humidity %. :

RESULTS AND DISCUSSION

1. Effect of Chemical Fertilizers on Soil Water Potential.

The justification of conducting the vapor pressure method to study
the hydroscopic water retention in order to complete the moisture retention
curves of the studied soils under different treatments, and to study the
reasons of the moisture content variation in some studied soils having the
same texture.

Hygroscopic water exists as a very thin water film at the soil
particles. The maximum thickness is not more than 5 or 6. microns making
up about 15-20 layers of water molecules. At the interface the lowest layer
of the water film is held by 10000 bars, (pF= 7). The soil moisture tension
gradually decreases until at the outer layer of the water film, it is at 31 bars.
Hence the maximum hydroscopic water is sometimes defined as the water
which held at tension greater than 31 bars, (pF= 4.45) as described by
(Hitlel, 1980).

1.1. Sorption Curve.

The vapor pressure results of the studied soils as affected by the
chemical fertilizers application are given in Table (3). The data reveal that
the “themical fertilizers application in the all studied soils increased the
maximum hygroscopic water (M.H.W) at relative humidity (R.H) of 93%
(pF= 5) as compared to control, but applied chemical fertilizers have a
slight effect on M.H.W at relative humidity less than 84% (pF= 5.4). These
changes are obvious in the studied treatments. The increase in (M.H.W)
values over the control is a result of increasing chemical fertilizers
application. This result is confirmed with the work of Hammad, (1985) who
found that additions of both saits and the chemical fertilizers increased the
(M.W.D) and the moisture contents of the chernoziem soil.
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Table 3. Soil-water vapor relationships as affected by adding nitrogen
and potassium appligation on. studied soils.

% Moisture Content at values of P/P,

Treat. 0.15 0.35 0.65 075 084 093 ~ 1.00

Clayey Soil

T 1.60 5.10 5.00 7.80 840 1040 1340
AS, 170 5.20 5.65 7.85 850 1050 13.50
A.S, 1.70 5.35 5.75 7.85 850 11.00 14.50
AS, 175 5.20 5.80 7.80 860 11.05 14.55
A.S; 1.77 5.25 585  7.90 880 1110 1475
AN, 155 5.50 5.70 7.85 8.90  11.00  16.00
AN, 180 4.90 570  8.00 990 11.20  16.30
AN, 185 6.50 5.65 800 1190 1130 ° 16.60
P.S, 1.45 515 ° 530 8.0 690 1020 - 14.70
P.S, 1.50 5.15 560" 805 840 10.30 15.20
P.S, 1.50 495 5.80 790 - 860 1130 1550
P.S; 170 5.25 5.80 820 880 1150  15.30

Loamy Soil

T 1.05 3.10 3.20 5.30 5.30 6.30 7.85
A.S, 1.20 355 320 535 5.60 6.40 7.90
A.S, 1.20 355  3.50 5.50 560  6.60 8.60
AS; 1.20 3.40 3.45 5.30 560  6.70 8.70

"AS; 090 380 350 540 560. 6.80 9.30
AN, 1.10 3.45 3.35 §30 - 535 660 8.25

AN, 1.20 3.30 3.50 5.35 5.80 6.70 8.40
AN, 1.30 3.55 3.40 §.30 580  6.75 8.45
P.S, 0.95 3.60 3.55 5.35 5.60 710 6.60
P.S4 0.95 355 . 3.55 5.30 5.25 6.60 6.90
P.S, 1.20 3.70 3.50 5.35 5.70 7.10 7.10
PS; 125 4.35 3.75 5.40 5.70 6,90 . 7.20

Sandy Soeil

T 0.00  0.00 0.00 0.20 0.20 020  0.30
A.S, 0.00 0.00 . 0.20 0.30 0.10 '0.20 0.35
A.S, 0.00 0.00 0.20 0.20 0.20 020 - 037
A.S; 0.00 0.10 020~ 020 020 020 . 0.50
A.S, 0.00 0.20 020 - 026 - 020 0.20 0.66
A.N, 0.00 0.20 0.10 020 020 030 ° 038
AN, 0.00 0.10 0.20 0.25 010 040 0.50
A.N, 0.00 0.30 0.20 0.25 0.10 10.50 0.55
P.S, 0.00 0.10 0.15 0.00 0.10 0.25 0.40
P.8, 0.00 0.10 0.20 020 - 040 0.20 0.65
P.8; 0.00 0.20 0.20 0.20 0.20 0.20 0.70

P8, 000 _020 020 0.20 0.20 0.30 0.79
The data indibated that the effect of inereasing chemical ferﬁlizers

application is differed with different soils and depend on the rate and the
source of fertilizers used.
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1.1.1 Effect of Ammomum Sulfate Fertilizer.

Figures’ 1, 2 and 3 illustrate the relation between the different vapor
pressure and percentage of water content of the studied soils as affected
by ammonlum sulfate appllcatlon '
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Figure1l. Sorption curves of clayey soil as affected by ammonium
suifate application.
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F|gure 2 Sorptlon curves of !oamy son as affected by ammonium
sulfate application.
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%Moisture Content
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Figure3. Sorption curves of sandy soil as affected by ammonium
sulfate application.

The addition of ammonium sulfate had a moderate effect on
(M.H.W) in all studied soils with increasing fertilizer application.

In clayey soil, the application of ammonium sulfate fertilizer cause
an increase in (M.H.W) at different relative humidity levels, but the high
increase at the relative humidity 93% and 100% whereas: addition of
ammonium sulfate rates increased (M.H.W) by 4.8, 5.2 and 5.7% over the
control (A.S,) at relative humidity 93% (pF= 5), and also increases it by 7.4,
7.8 and 9.3% over the control (A.S,) at relative humidity 100%.

The application of ammonium sulfate in the studied loamy soil
cause a high increase in (M.H.W) at relative humidity 93% by 3.1,4.7 and
6.3% over the control (A.Sy). While at the relative humidity 100% these
increases were 8.9, 10.1 and 17.7% over the control (A.Sy).

The water content in sandy soil is generally low, for this reason
applying ammonium sulfate fertilizer increase (M.H.W) at a high relative
humidity 100%. Whereas it had no effect on (M.H.W) at the other relative
humidity levels. The increases were 5.7, 42.6 and 88.5% over the control
(A.So) at R.H 100%.

1.1.2 Effect of Ammonium Nitrate fertilizer.

Figures 4, 5 and 6 show the relation between the different vapor
pressure and the percentage of water content of the studied soils as
affected by ammonium nitrate application.

Using ammonium nitrate fertilizer had a noticeable effect on
(M.H.W) in all the studied soils. Also, data show that the water content of
clayey soil with ammonium nitrate fertilizer higher than the treated soil with
ammonium sulfate fertilizer. ‘

Applying ammonium nitrate in clayey soil cause increases in
(M.H.W) at R.H 84,93 and 100% over the control (A.S,) with 4.7, 16.5 and
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40% & 4.8, 6.7 and 7.6% & 18.5, 20.7 and 23% at R.H 84, 93 and 100%,

respectively.

On the other hand, ammonium nitrate fertilizer in loamy soil
ingcrease (M.H.W) at relative humidity 83% by 3.1, 4.7 and 5.5%. Also, they
were 4.4, 6.3 and 7% at R.H 100%.

In sandy soil, the (M.H.W) increased by 50, 100 and 150% over the
control (A.S,) at R.H 93%, but they were 8.8, 42.9 and 57% over the control
(A.8p) at R.H 100%.

—+—T —8—A80 --a-- ANT ——AN2 --%«- AN3 \

015 035 065 075 084 093 1
' P/PO

Figul_-; Sorption curves of clayey soil as affected by.;;m;omum
nitrate application, .

015 036 065 075 084 083 1
PiPo -

Figure5. Sorption curves of loamy soil as affected by ammonium
nitrate application.
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015 035 065 075 084 093 1
P/Po

Figure6. Sorption curves of sandy soil as affected by ammonium
nitrate application.

1.1.3 Effect of Potassium Sulfate Fertilizer.

These results illustrated in Figures 7, 8 and 9 which show the
relation between vapor pressure levels and the percentages of water
content of the studied soils as affected by potassium sulfate application.
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Figure7. Sorption curves of clayey soil as affected by potasslum
sulfate application.
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Figure8. Sorption curves of loa
sulfate appllcatlon ’
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Figure9. Sorption curves of sandy soil as affected by potassmm

suifate application.

In clayey soiI, the application' of potassium' sulfate fertilizer rates

increased the (M.H.W) at relative h

umidity 84 and 93%. Whereas at R.H

84%-potassium sulfate fertilizer increase (M.H.W) by 21.7, 24.6 and 27.5%.

While these increases were 0.9, 10.

8 and 12.7% over-the contral (P.S;) at

R.H 93%. But in loamy soil they were 4.5, 7.6 and 9.1% over the control

(P.Sy) at R.H 93%. The increases of

(M.H.W) in sandy soil illustrated at R.H

100% by 62.5, 75 and 97.5% over the control (P.Sy).

1
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. Finally, the results of sorption curves illustrated that the most

effective treatment on increase (M H.W) was the third one of any fertilizer
(200 kg N fed™ or 160 kg K,O fed™). Furthermore the most affected fertilizer
in clayey soil was potassium sulfate then ammonium nitrate, but in foamy
soil it was potassium sulfate then ammonium sulfate at relative humidity
93%. Also, potassium sulfate was the most affective in sandy soi! then the
ammonium sulfate but at R.H 100% only.

Based on the results, firstly chemical fertilizers had obvious effect
on the increase of (M.H.W) in all the studied soils. Whereas it considered
salts and might be have ability to absorb high amounts of water especially
potassium sulfate and ammonium sulfate fertilizers. In addition it increased
soluble salts in all the studied soils resulted in an increase of E.C values.

E.C values of adding 160 kg K,0 fed'in clayey, loamy and sandy soils
were 3.4, 3 0and 1.9dS m™ , respectively. While E.C values of adding 200
kg N fed'in clayey, loamy and sandy soils were 3.0, 2.8 and 1.4 dS m™
respectively at R.H 93%. These results confirmed with those of Flrman
(1968) and Hammad, (1985) who reported that soluble salts might arise
from several sources, such as fertilizers salts and mineralization of organic
matter.

Secondly, Figures showed that clayey soil was higher in its
adsorption water content comparing with loamy and sandy soils. This
illustrates the effect of both soil texture and the chemical fertilizers in soil
water retention and accordingly its availability in soils.
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