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SOME FACTORS CONTROLLING THE IMPROVEMENT OF
SOIL MOISTURE CHARACTERISTICS AND PORE SIZE
DISTRIBUTION IN NORTH NILE DELTA SOILS
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ABSTRACT

Undisturbed soil samples were taken from the surface layers of the soil of El-
Serw experimental station, Domitta governorate. after the harvesting of wheat crop to
demonstrate the effect of potassium fertilization and gypsum application under
different irrigations water types on soil moisture characteristics and pore size
distribution. The main obtained results can be summarized as follow:

Soil moisture contents as well as soil moisture constants, i.e. field capacity,
available water and wilting point increased under the addition of gypsum more than
under those of potassium fertilization . Total soil porosity as well as pore size
distribution were affected mainly by the additions of gypsum.

Positive and high significant correlations have been established between soll
moisture contents at field capacity and wilting point and either clay or organic matter
contents. Otherwise , the percentages of coarse and fine sand were negatively
affected at field capacity after irrigation with drainage water , such correlations were
negative and significant at 1 % and 5 % between soil moisture content at wilting point
and either coarse sand or silt, respectively for soil irrigated by Nile water.

Results showed that soil organic matter contents affected positively and high
significantly total soil porosity, Correlation coefficients between total soil porosity and
either coarse or fine sand were negative and significant. More over, the volumes of
quickly and slowly drainable pores are positively and significantly correlated with clay
content under drainage water irrigation. Also there was a high positive and significant
correlation between fine capillary pores and organic matter content . On the other
hand, negative and significant correlations established found between either slowly
drainable or fine capillary pores and silt content in soil irrigated with Nile water.
Keywords: Soil moisture, pore size distribution, Soil amendments,

salt affected soils .

INTRODUCTION

The capacity of soils to receive or store available water to the growing
plants is of great importance to agricultural production. Soil moisture retention
is one of the limiting factors for agricultural development, particularly in arid
and semiarid zones .The use of drainage water for crop irrigation crops
becomes very necessary because of the shortage in good quality water
resources.

Various attempts were made to improve the soil moisture
characteristics and pore size distribution ,Many investigations were used
different soil amendments, such as mineral fertilizers and gypsum to avoid
the risk of irrigation with drainage water on some phsical properties of soils
were investigated by many scientists such as Talha et al.(1978) who stated
that soil moisture characteristic curves of alluvial soils of Egypt are affected
by soil texture more than by alkalinity or salinity, Jadhovi (1978) reported that
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moisture retained at 1/3 and 15.0 bar showed a significant and positive
correlation with organic carbon.

Ghazy (1982) attributed the increase in soil moisture to the better
flocculation of colloidal fraction by Ca** ion.This also was confirmed by
Lebron et al.(2002) and Abd EI- Hamid et al., (2005) they found that the
volume of macrospores was increased with gypsum addition to the saline
sodic soll
The present study aims to study and discuss some factors affecting soil
moisture characteristics and pore size distribution of saline sodic soil at North
Nile Delta.

MATERIALS AND METHODS

El-Serw experimental station (ARC), Domitta Governorate, Egypt, was
chosen to demonstrate the effect of either potassium fertilization as
potassium sulfate (48%K:0) at two rates, i.e., 12 and 24 Kg K20/ fed? or
gypsum application at 6 tons/fed! under different irrigation types i.e, Nile
irrigation water and drainage irrigation water on soil moisture characteristics
and pore size distribution, after harvesting wheat crop.

Undisturbed soil samples were taken from the soil surface layer (0-30
cm ) by driving brass cylinders having 5 cm height and 5 cm.inside diameter
into the soil representing the investigated soil. Mechanical analysis was
determined using sodium hexametaphosphate as dispersing agent, Gee and
Bander (1986).Estimation of soil salinity, ESP%, OM% and CaCO3% were
carried out according to Jackson (1967), Table 1 data show some physical
and chemical analyses of irrigation water as Jackson (1967) are shown in
Table 2.

Table 1: Some chemical and physical analysis of soil surface layer of
soil under study.

Water E.C

Particles size distribution %
Tr .M . . . ESP%
type €at! gsm+t C&})E;03 O% C(:)/OS F%S Silt % C(I)/i\y Texture| ESP%
Cont.| 4.55 2.36 |1.60|0.38|19.93|13.44|66.25| clay |12.00
K1 5.20 2.20 |1.50|0.51|15.69|23.82|59.98| clay |11.50
K2 5.65 2.00 |1.55|0.52|18.14|19.67|61.67| clay |11.75
Gy. 3.30 2.00 |1.45|1.00|17.20/18.33|63.47| clay 6.00
Cont.| 8.32 2.77 |2.06|1.25| 18.8 |20.31|59.65| clay |15.30
Drainage | Ki 8.22 2.60 |2.00|2.22| 18.0 |21.50|58.28| clay |14.00
water . K2 7.52 2.71 |1.60|1.75|16.90|21.48|59.85| clay |14.20
Gy. 6.22 250 11.80/3.00|17.20| 18.0 |61.80| clay [12.45
K,= potassium fertilization (12 kg K,o/fed)
K,= potassium fertilization (12 kg K,o/fed)
G = Gypsum amendment (6 ton/fed)

Nile water|

Table 2 : Irrigation water analysis

Cations mef/l Anions mef/|
-1
Water type E.Cdsm Ca"IMg*| Na* | K* [Co3HCo3 Cl" | So "4
Nile water 0.69 |2.83/1.69|3.23|0.24|0.32| 3.23 |2.40| 2.04
Drainage water 2.34 |3.34/5.1117.990.391.04| 3.53 [17.69] 4.66
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Undisturbed soil samples were used for determination of bulk density
and soil moisture contents on weight basis at different pressures i.e. 0.1,
0.33, 0.66 and 1.00 atm, and the pressure membrane apparatus. Moisture
contents on volume basis were calculated using the values of soil bulk
density and soil moisture characteristics curves and obtained according to
Richards and weaver (1944) and Richards (1947). Soil moisture tension was
expressed according to Ascroft and Taylor (1953).Total soil porosity was
calculated from the values of both real and bulk densities. Pore size
distribution was calculated and classified to quickly drainable, slowly
drainable, volume drainable, water holding and fine capillary pores according
to De-Leenher and De-Boodt (1965).The diameters of these pores are
>.28.8 u, 28.8-8.62 1,8.62 y, 8.62-0.19 p and < 0.19 u , respectively. The
obtained results were statistically analyzed and the simple correlation
coefficients were calculated according to Douglas and LU (1959).

RESULTS AND DISCUSSION

I- soil moisture characteristics

The studied soil samples are almost homogenous in their textures as
clay is dominate fraction, Table 1, Data in Table 3, and Fig 1 show that soil
moisture contents decreases by increasing the applied pressure and this
function is mainly affected by particle size distribution i.e, the higher the clay
contents , the greater is moisture retained at any particular pressure and the
slopes of the tention curves are gradual.Similar results were obtained by El-
Tony (1982) and Heggy ( 1976)

Regarding the effect of different potassium fertilizer treatments and gypsum
addition on soil moisture characteristics curves , data presented in Table 3
and illustrated in Fig. 1 reveal that soil moisture content at any applied
pressure increased by potassium fertilization increasing from 12 to 24 Kg KO
and gypsum addition, under different irrigation water types . This trend may
be due to the balanced fertilization with potash which gives the unique
opportunity to improve the roots yield of plants which enhances the
aggregation process in addition, the application of gypsum led to beneficial
effects on the physicochemical properties of the soil, (EI-Banna et al. 2004 )

It can also noticed that soil moisture content values at any applied
pressure were higher in soil irrigated with Nile water than that irrigated with
drainage water. These finding were in agreement with the findings of Laila
(2993) .

Table 3: Effect of potassium fertilizer treatment and gypsum addition
on the percentage of soil moisture contents on volume bases
“ 0” under different water irrigation types of the studied soil

Different tension values in atm.

treatment|Nile water irrigation Drainage water irrigation

0.00 [0.10 [0.33 |0.66 [1.00 [3.00 |15.00/0.00 [0.10 [0.33 [0.66 [1.00 [3.00 [15.00
Control 148.00/44.45/42.49/40.17|36.22(33.90(26.61(46.2041.93/40.64(39.68(535.74(32.6724.64

K1 48.00(45.6943.33/40.64(37.90(35.28(27.37/45.00}40.85(39.90(38.18(335.24(33.42(25.85
K2 51.00[48.39/45.38142.38(39.62(38.23(28.23/46.30142.2641.17/40.48(336.54/34.69[27.46
G 56.00[50.19}47.00}45.81|62.06(30.50[30.5051.50/46.3344.54/42.12/440.09[39.31|28.79

K1 =12 kg K,O/fed™ K, = 24 kg K,O/fed G = Gypsum 6 ton/fed?*
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Fig 1-Effect of different fertilizer treatment and gypsum addition on soil
moisture characteristic curves under different irrigation water
types for studied soil samples

Field capacity, available water and wilting point are considered to be
the three main aspects of soil moisture constants. These constants. could be
elucidated from soil moisture characteristics curves Table 4, data show the
three soil moisture constants. These constants are increased by potassium
fertilization , gypsum application and irrigation by Nile water, as stated by Aly
(1993) and Abou El-Defan et al.(2005)

The simple correlation coefficients between these three soil moister
constants and particle size distribution as well as organic matter content
under different irrigation water types were calculated and presented in Table
5 . Data reveal that simple correlation coefficients between field capacity and
both clay and organic matter contents are positive and highly significant,

Table 4 : Effect of potassium fertilizer treatment and Gypsum addetion
soil moisture constants under different irrigation types of
the studied soil.

Treatment Nile water irrigation Drainage water irrigation

F.C% A.W% W.P% F.C% A.W% W.P%
Control 42.49 15.88 26.61 40.64 16.00 24.64
K1 43.33 15.96 27.37 39.90 14.05 25.85
K2 45.38 17.15 28.23 41.17 13.71 27.46
G 47.00 16.50 30.50 44.54 15.75 28.79
K1 =12 kg K20/fed! K2 = 24 kg K20/fed! G = Gypsum 6 ton/fed*
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While they are negative and significant in the case of fine and coarse sand
fractions, The simple correlation coefficients between both available water
and wilting point are insignificant with either particle size distribution or
organic mater for soil samples which irrigated by drainage water.

Date in Table 4 reveal also that there was a significant and positive
correlation between either field capacity or wilting point and clay fraction as
well as organic matter the simple correlation coefficient between field
capacity and either coarse sand or silt fractions are negatively significant at 5
%.However, the correlation coefficient, was negative and significant at 1%
and 5% between wilting point and either coarse sand and silt fractions. On
the other hand, the simple correlation coefficients between available water
and either particle size distribution or organic matter are insignificant for soil
samples of soil irrigated with Nile water

II-Total soil porosity:

Concerning the effect of potassium fertilizer and application of gypsum
under different irrigation water types on the values of total prosity and pore
size distribution percent from total porosity. Data in Table 6 reveal that the
values of total porosity (%) increased in soil surface layer of soil treated with
potassium fertilizer, gypsum application, and irrigated with Nile water and
also increased in soil treated with gypsum and irrigated with dranig water with
untreated soil irrigated with corresponding water Nile. This finding can be
attributed to the role of gypsum in enhancing aggregation process which
increase the apparent soil volume and consequently increase soil porosity
(Abd El-hamid et al. 2005)

Table 6: Total soil porosity and pore size distribution as affected by
potassium fertilizer treatments and Gypsum addition under
different irrigation water types

Pore size distribution as percent from total volume
Nile water irrigation Drainage water irrigation
Treatment 28.8- 8.62-| < 28.8- 8.62-| <
pg‘:f)a(',/o >2§'8 8.62 >81'162 0.19[0.19 pz(r’éa('% >2§'8 8.62 >8F'162 0.19|0.19
K K K K K [
Control 48.00 | 3.55|1.96|5.51|15.88(26.61|45..00 | 4.27 |0.29| 4.56 [16.00[24.44
K1 48.00 |2.31(2.36|4.67|15.96(27.37| 44.00 |4.15[0.95|5.10 {14.0524.85
K2 51.00 [2.61|3.01|8.62(17.15/28.23| 46.30 {4.04 (1.09| 5.1 (13.71]27.45
G 56.00 |5.81]3.19]9.00 |16.50|30.50| 51.50 |5.17|1.79|6.96 [15.76/28.78
Pore size distribution as percent from total porosity
Nile water irrigation Drainage water irrigation
28.8- 8.62- 28.8- 8.62-| <
Treatment| >28.8p | 8.62 | 202 [0.19|<019>288/5 6,862 19(0.19
! S VO I N T B TR T
Control 7.40 4.00 | 11.48 |33.08|55.44 | 9.49 |0.34|10.1335.56/54.31
K1 4.01 4.92 9.73 |33.25/37.02| 9.43 |0.16|11.5931.2356.48
K2 5.12 5.90 | 11.02 |33.62|55.35| 8.73 |2.35|11.0829.61/59.31
G 10.38 5.70 | 16.07 |29.46|54.45|10.04|3.48|13.51]30.60/55.88
Ki =12 kg K,Offed * K, = 24 kg K,O/fed G = Gypsum 6 ton/fed*
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Data in Table 6 also reveal that the values of pore size distribution was not
affected by both potassium fertilizer treatments and water irrigation types,
while there was slightly increased in pore size distribution values due to
gypsum application under different irrigation water types. These results could
be enhanced by those established by El-Hadidi et al.(2004) They found that
iregular addition of farmyard manure and gypsum is rquierd to improve
physical properties of heavy clay soil.

The values of simple correlation coefficient between pore size
distribution ,total soil prosity and both particle size distribution and organic
matter content under different irrigation water types are calculated and
presented in Table 7, These values show a highly positive and significant
correlations between total soil porosity and both clay and organic matter
contents, while these correlation is negative and significant in the case of
both coarse and fine sand fractions. Moreover, positive and significant
correlations exist between quickly, slowly and volume draniable pores and
clay content in the case of the soil samples irrigated with drainage water.

Regarding the simple correlation coefficients between total soil
porosity or pore size distribution and both particles size distribution and
organic matter contents under Nile water irrigation, date in Table 7 show high
positive and significant correlation between total soil porosity and both clay
and organic matter contents, Such correlations are of negative and significant
behaviors with coarse sand and silt at 1% and 5% levels respectively, While
the positive and significant correlation existed between both volume drainable
pores and fine capillary pores with clay contents also., A high positive and
significant correlation can be noticed between fine capillary pores and organic
matter contents. On the other hand the simple correlation coefficients
between both slowly drainable pores and fine capillary pores and silt are
negative and significant in the case of soile samples irrigated with Nile water.

Thus it can be concluded that the application of gypsum to heavy clay
soil has a higher significant effect on moisture characteristics and pore size
distribution than potassium fertilizers

8773



El-Banna, |.M.M.

8774



J. Agric. Sci. Mansoura Univ., 32 (10), October, 2007

REFERENCES

AbdEl-Hamid,Azza,R.T.A.El-Maghraby,T.M.M.El-Banna and S.F.mansour
(2005) Effect of gypsum application and potassium fertilization on
suger beet (beta vulgaris L.) yield and some physical properties of solil
at north delta . Egypt .J.of Apple.Sci., 20 ( 10 B) 656-668

Abou El-defan, T.A., .LM.M El-Banna, T.A El-Maghraby and M.E. Abdallah
(2005) Efficiency of some amendments added to clayey soil irrigation
with drainage water J. Agric.Sci.Mansoura Univ., 30 ( 6) 3479 — 3489

Aly, K.M.L (1993) "An evaluation of adding different sources of gypsum for
improving soil productivity under field condition M.Sc. Thesis Fac. Of
Agric. Ain Shams Univ.

Ascroft, G.and A.S. Taylor (1953) Soil moisture tension as ameasure of
water removal rate from soil and its relation to weather factors . Soil
Sci. Soc .Amer. Proc .17.

Douglas, R.D and H.K.LU.(1959) A correlation and path coefficient analysis
of components of crested wheat grass seed production Agron.J.vol
51(9).

Deleenheer, L and M.De boodt ( 1965 ) Soil physics international training
center for post- graduat soil scientists, gent.

El-Banna, I.M.M,T.A Abuo El-defan, M.M.T Selem and T.A.El- Maghraby
(2004) Potassium fertilization and soil amendments interaction and
their effects on wheat irrigated with different water quality J. Agric Sci .
Mansora Univ., 29(10):5953-5963.

El-Hadidi, M.E, A.M. EI-Ghamry and A.I.M EI-Emshaty (2004) Effect of solil
amendments on physical properties of heavy clay soil in northern Nile
Delt.J. Agric. Sci Mansoura Univ.,30(6)3479-3489

El-Tony, E.M.A (1982) The Effect of the physical and chemical properties of
south delta soil on their moisture characteristics.Ph.D.thesis, Fac
Agric.Ain Shams Univ.

Gee,G.W.and J.W.Bander(1986) Particle size analysis In Methods of Soil
Analysis, part.| klute, A.edt.Agronomy No 9

Ghazy,A.E.M.(1982) The influence of sail structure and fineness of CaCOs on
water movement in highly calcareous soils. Egypt,J .Soil Sci., 22, 143—
154

Heggy,E.S.(1976) Some physical studies on the plots of the permanent
experiment at Bahtim.M.Sc.Thesis Fac.Agric.,AL-Azhar Univ.

Jackson,M.L.(1967) Soil Chemical Analysis. Printic. Hell of India , New Delhi:
144-197.

Jadovi,G.S(1978) Annotate of estimation of 1/3 and 15 bar moisture content
in some marathwada soils.Soil &Fert. 43,(3),(2048)1980.

Laila K.M.A (1993) An evaluation of adding different sources of gypsum for
improving soil productivity under field conditiones.M.Sci.Thesis Fac
Agric Ain shams.univ.Egypt.

Lebron,l.D.L.Suarez and T.yoshida (2002) Gypsum effect on The aggregate
size and geometry of three sodic soils Under reclamation.Soil Sci Soc .
Am.J.(66):92-98.

8775



El-Banna, |.M.M.

Mujtaba S.M.,M.Sajida and H.Mazhar (2003) (Reclamation of saline sodic
soils through biological approaches). Available at:http:/www.
Bercorder.com.:

Richards, L.A and R.l.Weaver (1944) Moisture retention by some irrigated
soils as related to soil moisture tension S.Agric.Res 69.

Richards, L.A.(1947) Pressure memberance apparatus construction and use .
Agric.Eng.,28.

Talha,M.,H.Hamdi and M.M.Morsi (1978) Moisture characteristics and pore
size distribution in relation to salinity,alkalinity and texture of some
alluvial soils of Egypt .Egypt, J.of Soil Sci. Vol 18, N. 1.

plosall aaal) ol g A ) 4 gh ) clia Ao 3 i5al) Jual sal) (any
Gl Jlad ol Y

Ll) dasa dasa asa) )

raa B3l Al g oluall g (el ) &igay agra

Jalaed ddadlas — gyl de ) 3 Cgandl ddana al (e 3l e ciliie <034
48 Hmu,mut_u)ﬁgmwﬁsm}1zugmwujmmugtuﬁuaﬁ
uM\aMJﬁ;dﬂ\onj)@a\Jy U\M/L}“AU‘L'643L‘4‘} \2}40)}.4@%
i aal Gandli (Say s abosall ail) a5l g A )W) Ay gda ) clia (e S e o150
ok L

slall-dial) anadl ) asda )l (5 sinall aad ) g a3 A gl )l Cilinie o jils
255 S Aelcsall el s l) Sanadly il 43 e el Aialy () s e
Ao 50 A8 Dga s Slan ) sl jelal 8y aid el A8lal Leiad <l g plusall sl
M}MMM\@AAQ_\A\SMM}.A:J\odu\juﬂ\uﬂdsjmhﬂ\w\uuuj@\dh:
Aé;jnujsu_mé}dhs_‘;_;:\J‘)l\u)..al\aga.}é)ﬂﬁhu&dﬂﬁ;@\.ﬂ\&j\@@b
CulS e 4y gucandl 3aldl 5 cpdall e S5 Jsudd) a5 Aleal) dail) (0 DS A (G 4 sina
IS % 5 (5 sin e Adles Ay yina bl 5 AN Lo (e JS 5 Aglinl) dmadl 0 2830
5% 1 5 sima e Aygina s 4l il y 821 el e IS5 gl a0 383MaY) il
ALK Aabanall (g ol Y Jralna il laas s pall (al SV il Al i ) e %5
o ge s 5 (5 sina o W1 S Ly g il Mo 5 o s (IS 2 guimell 0Ll 5 (eball
Asanal plasally Aol Ao sl iyl plasa (LS g2 A8l S IS el g 8}
O A8 CulS | o)) 3l Capeall elya A5 yall (oual V) e L Cphall ae das 50 4 gina
& A sina Al IS Lady Ay sinmal) Adlle dun ga 4y ganll Balall 5 cplall (0 S 5 A Apalisall
2yl e A g A8 S5 | i) e %55 % 1 (s sinnn ol ikl 280 Ja
olia G A8Mal) S L A graimal) 3alall 5 88000 2 pnil) slsal) iy %1 (5 sinnn o
il slag g pall gl 1 8 g a4l Al &y ja ) oLl Al oyl

8776



