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ABSTRACT

The effects of adding different rates of locally-produced compost to three different soils (sand, S; sand loam, SL;
and sand clay loam, SCL) on some important physical properties were evaluated. Determined parameters included, soil
bulk density, moisture limits: namely saturation percentage (SP), field capacity (FC) and Wilting percent (WP), soil
moisture-tension characteristics, cummiative evaporation, and gernsination capability. Nine compost-soil mixing rates were
uiilized for moisture characteristics and evaporation experiments and six rates for germination tests. Increased compast
application rates resulted in marked lowering of the bulk densities in all soils. Densities at 50% mixtures were reduced 1o
about 60% of their original values. Available water (AW) was found 1o increase with increased compost consent, with more
pronownced effect on sund. Effects of both soil type and compost rate were highly significant (a=0.001). Maximum
increase for ail soils occurred at 50% rate, with relative increases of 391.4, 228.9 and 196.2% for S, SL and SCL,
respectively. At 8% compost application rate, the relative increase waz approximately 200, 134, and 128%, respectively.
The effect of compost on AI”%% was found to fit very strongly a polynomial function of the form: y=ax’+b’+cx+d, where y
is AW3% and x is compost %, with R*>0.997. Cumuiative water evaporation from soils with different compost contents
showed different behavior over two stages of the process: an early stage, where higher compost rates resuited in less
evaporation, and a late stage where increase in compost content led lo increased evaporation. The two stages were
distinguished based on differences in the ability of different soil-compost mixtures to cope with external evaporativity at
differemt moisture contents. Soils high in compost content were able to susiain significant evaporation rates for longer
duration due to improved water retention. The early stage was characterized as being shovtest in § and longest in SCL
textures, and as being shorter for a given soil in summer than in winter season. Effects of soil type, compost content and
seasom were highly significant (a=0.001) at all times. Adding compost was seen 1o boost the soil as a piant-growing
media. For all soils, higher germination rates were associated with compost application. An "economic” rate was
identified as related to higher “relative” rates. These rates matched germination rates of approximarely 83% for seeds of
both tomato and cucumber and 70% for lettuce. Both germination percent and relative increase in germination followed
logarithmic functions of the form: y=a In x + b, where y is germination % or relative increase %, and x is compast %,
with R’ values varying but mostly ranging between 0.90 and 0.99. Effect of compost was highly significant (a=0.001). Soil
effect was not coherent and no significant season effect was seen.
Key words: Campost, Moistixe retention, Evaporation.

INTRODUCTION

he soils of the Nile valley and Delta are composed
Tpmimarilyofmwm alluvial deposits of the Nile

River floods (Ball, 1939). Egypt is located in an
arid zone, and agriculture depends mainly on the Nile
River water for itrigation. Efficient optimization of
water utilization by improved implementation and
good management of both water and soil in old and
newly reclaimed agricultural lands is greatly required.

Co-compost refers to a technology for compost
production from farm waste disposal materials.
Primarily, the disposal materials contain straw bale,
cotton dust and wheat straw. Fresh farm wasie
disposal materials are fermented by co-compost
method (Sherief ef. a/., 1998). In Egypt the compost is
produced locally at Abu-Quir plant project at Montaza
Municipality.

The rates of biological and chemical reactions
affecting crop growih are influenced by the amount of
organic matetials. They are added as manure or compost
to the soil in presence of moisture, causing sail
temperature to rise, and warming the soil profile. The

importance of organic materials in good agromomic
practice has long been recognized Numerous rescarch
works (Jackson and lirkham, 1958; Kohnke, 1968; Flaig,
1976; Schaita et.al., 1993) have recognized a group of
basic and specific requirements that must be fulfilled for
hunws-carrying substances, regular supply of soil with
waicr, nitrogen, phosphorus, potassium and trace
These factors were found to have big influences on the
physical properties of soils and hence on their
productivities. The inoportance of compost comes from its
ability to supply the soil with humus, which is an
important clement in sucoessful farming due to its main
role in plant mutrition and plant water uptake. Naturally,
the organic substances taken out of the soil by crops
should be replaced. Xf this is not done, the soal will be
starved out and cventually tums into steppe or desert
(Buhler, 1978; Shehatta et.al. 1993). The use of compost
is beneficial not only to fanning, forestry, parks, nnrsery
and vegetable gardening, but also as an effective means of
disposal of municipal and farming wases. It is a way of
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otherwise have to be either bumt or dumped and thus
withdrawn from its natumal circulation. With organic
micro-organisens, It plays an essential role in giving the
top soil the desired structure (Haock, 1982; Sumper,
2000), and contributes mbstantially to the topsoil's
capability to absorh optimally the administered mineral
fertilizers and water. The capability of compost t0 hold
the applied water and nutrients for the plants is of
particular significance in coarse-dextwed soils (eg,
sands) where the organic substance is missing and water
and muirient requirements are high. In coarse-textured
soils, large postions of outrients and water scep away and
are lost. Compost ensures more cffective use of both
water and nufrients. Considerable savings in water and
fertilizers were reported with the application of organic
substance to the soil (m, 1980). As the compost beoomes
more mature, it imparts o the soil some of its own
mutrients, representing a valuable contribution o the
plants’ mutrition. Large part of the latter nwst be supplied
by fertilizers of high concentration. Compost is thas not
intendexi as a replacement for chemical fertilizers, but as
a carrier of the indispensable hunms which ensures the
optium use of the mutrients (Im, 1980). The guidelines
for compost application are derived from the following
factors; a) degree of compost maturation, b) climatic
conditions of the arca in question, ¢) soil chamcteristics,
natre and method of cultivation, d) types of planted
crops; and, €) time of application.

It is known that the beneficial effects of compost
of sandy soils comprisc improving aggregate
formation, apgregatc water-stability, and water
holding characteristics (Marshall, and Holmes, 1938;
Sumaer, 2000). In loam and clay soils, organic
substances improve soil conditions by providing good
acration, better water infilwation and dmainage
through the soil. The main physical properties of the
soils; including water holding capacity, evaporation
and bulk density are drastically affected by the organic
material content (Henderson and Perry, 1955,
Ibrahiem ef al, 1976; Alan, ef. al, 1980, Bakr,
2000). Evaporation from soil is a drying process in
which moisture is removed from soil to the
atmosphere until equilibrium between moisture in the
soil and atmospheric air is attained. Evaporation is
thus significantly influenced by the physical condition
and properties of the soil (Sumner, 2000). Soil texture
and soil water holding characteristics are two of the
most important factors in this regard.

Hauck (1982) realized that when mixing compost
or organic matter with the soil, the mixture absorbs
waler rapidly to provide increased moisture storage.
Not all the amount of stored water in the soil can be
used to meet plant water requirements. Omly the
amounts of available watcr are considered. This

crucial range of moisture is that held between the
limits of field capacity and wilting point.

The work reported in this manuscript is a study of
the effects of locally-produced compost on some
physical properties of sandy, sandy loam and sandy
clay loam soils. Studied parameters include moisture
limits (saturation, field capacity and wilting
percentages), density, water retention, evaporation,
and seed germination; the latter being an indicator of
the possible enhancement in the soil’s agronomic
productivity,

MATERIALS AND METHODS
Experimental work took place at the Soil Salinity
and Alkalinity laboratory, Soil, Water and
Environment Research Institute and at Montaza
Municipality in Alexandtia, during 2000-2001.
Winter measurements were taken in December and
summer measurements in July.

1. Seil Samples

Soil samples were oollected from three sites
representing three differert soil texhares. The sites are: 1)
El-Nubaria region, about 30 km south of Alexandria with
a sandy texture; 2) El-Nahda region, about 30 km south
of Alexandria; with sandy Joam texture; and 3) Khorshed
area, located about 15 km south of Alexandria, with sand
clay loam texture. Sampies at all three siles werc
collected at depths of 0-30 cm.

2. Soll Mechanical Analysis

Mechanical analysis of the soil samples was carried
out by the hydrometer method (Bouyoucos, 1962).
3. Moisture Limits and Soil Moisture
Characteristic Curves
Saturation percentage (SP) was determined according to
the American Society for Testing and Matesials (ASTM)
standards (1992), (ASTM, D 2325- 68, and ASTM, D
3152 - 72). Field capacity (FC) and wilting point (WF)
were  determined from the soil  moistare-tension
characteristic carve. Soil moistore characteristic curve
was determined by means of an extraction unit, following
the method outlined by ASTM (1992) and Soit Moisture
Equipment Corp. (SMEC, 1993), and was also applied to
the compost treatments. The apparatus models used were
Model No. 1000, pressure membwanc extractor, Model
No. 1500 G1, 15-bar pressure plate exiractor with cells,
and Modei No. 1600 G1, 5- bar extractor with cells.
4. Soil Bulk Density

The bulk density was determined in gim using a
sharp-edged cylindrical soil sampler, 10-¢cm long with
an inside diameter of 4.7 cm, (Black, 1965). For the
was determined by a duplicate core sampler, 10 cm
long and 10 cm inside diameter, with a perforated
bottom disk. The sampler was filled with compost or
soil-compost mixture. It was knocked 4 times with a
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1-kg weight on its top. The core samples were allowed
to dry for 24 hours before determining their dry
weight and thus their densities (Sherief et. al. 1998;
ASTM, D 2937-83, 1992).

5, Soil Chemical Anaiysis and Organic Matter

The soil chemical analysis was determined for an
extract of soil saturated paste. Analysis included
electric conductivity (EC), soluble cations (Ca™,
Mg", Ne', and K°), anions (CO;~, HCOy, Cl,” and
50,7), calcium carbonates (CaCQs), pH (Black, 1965;
Page 1982), organic matier (OM), and total nitrogen
percentage (Allison, 1965).

6. Treatments (Soil-Compoest Mixtures)

Nine treatments of soil-compost mixiures were
examined in the study of the effect of physical and
were applied in the germination experiment. The
treatments in the first category included the following
successive percentages of compost in relation to total
dry soil weight: 0 (control), 2, 4, 6, 8, 10, 25, 33 and
50%. In the germination experiment, rates of 0, 2, 4,
6, 8 and 10% were applied, covering rates usually
applied in common practices. In both cases all
treatment were in 3 replicates and were performed for
each of the three soil types.

7. Compost Physical and Chemical Anslyses, and
Organic Matter

Determined physical properties of the compost
capacity, wilting point, and percentage of available water
(Klute, 1986). Gravimetric moishire contents (g g') were
determined according to Black (1965). Chemical analysis
included pH, OM%, organic cathon %, total N%, C/N
ratio, P20s%, K20%, Ca, Mg, Fe, Mn, and Zn. Chemical
and OM determinations were made acconding to Page
(1982) and Allison (1965), respectively.

8. Moistare Retention of Soil-Compost Mixtures

Effect of comnpost mixing rate on moisture retention

using same techniques (American Society for Testing and
Materials, ASTM, 1992 and Soil Moisture Equipment
Corp., SMEC, 1993) as in (3) above,
9. Evaporation Rate
Soil-compost mixtures of the nine treatments, cach
in three replicates, were packed in polyvinyl chloride
(PVC) cylindrical pots (30 cm inside diameter and 35
cm high). The pots were perforated at the bottom with
10 holes, 1 cm. diameter each, to drain excess water.
The pots were packed to the determined soil-compost
bulk density, then inserted in an open field of bare dry
soil at Montaza Municipality. The open Held
containing the pots was wetied to saturation and
covered by plastic sheets for 24 hours to prevent
cvaporation until moigture equilibrium was attained.
Dmngthmtlmmd'thcﬁu(umnnmal)m
is dmained out. Evaporation water losses from

compost-soil mixtures were determined via sampling
the moisture contents remaining in the soil at given
times. Sampling was done using a tube sampler, 2 cm
in diameter and 30 cm long. The soil samples were
taken after 1, 2, 3, 5, 7, 10, 15 and 30 days during the
months of December and July (representing winter
and sumier seasons, respectively). Moisture contents,
(weight basis) were determined gravimetrically.
10. Seed Germination

Soil-compost mixtures of the three soil types were
used in the gix different treatment levels described
above 10 determine the effect of soil type and soil-
compost mixing rates on sced germination. The
mixtures were packed into PVC pots, 30 cm inside
diameter and 25 cm long. The Pots were inseried in
the open field of bare dry soil. The pots were wetted to
saturation and covered by plastic sheets o prevent
evaporation for 24 hours until moisture equilibrinm
was reached. Tomato, cucumber and lettuce seeds
(December). The vegetables were irrigated when
water depletion reached 50% of the available water,
according to Premachandra et al. (1992). The
vegetable germination percentages were recorded 21
days after planting.
11. Data analysis

Data was analyzed statistically (Steel and Torrie,
1980) and by mathematical regression where
appropriate. Statistical software package used is
STATGRAPHICS® v, 2.6 and 5.1, STATPOINT, Inc.
Virginia, USA.

RESULTS AND DISCUSSION
Analysis results of the physical and chemicals
propentics of the three soils are presented in Tables 1
and 2. Table 1 displays the particle size distribution,

- texture class, bulk density and saturation percentage.

The texture classes of soils I, II, and III are sand (S),
sand Joam (SL) and sand clay loam (SCL),
highest in soil I and have a decreasing trend from
soils I to III. Expectedly, clay content is highest in soil
III and lowest in I. The bulk densities of the three
soils are within typical values for the given texture
classes. These densities correspond to total porosity
values of about 41.1, 50.9, and 54.0% for the three
soils in respective order. Total porosity, together with
dominant porc sizes, arc important factors in
determining the ability of soil to retain its moisture.
Naturally, the finest-textured soil (soil III) has the
noticed between the above porosity vaiues (which are

calculated based on bulk and particle densities) and
porosity values determined ag the product of
safuration percentage (determined for ssturated soil
paste on weight basis) and bulk density. The latter
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produced values that were somewhat smaller in the
sandy soil, comparable in the sandy loam soil, and
greater in sandy clay loam soil as compared with
values calculated by the densitics. Table 2 displays the
results of the chemical analysis of the three soils,
inclading, EC, soluble cations aml anions, organic
matter, total N content, CaCo; and pH. The
investigated soils have low salinity (EC < 2dS/m for
all soils) and are poor in nutrients and organic matter
content. The soils are neutral (soils 11 and HI) to
slightly alkaline (soil I).

Results of physical and chemical analyses of
compost are shown in Tables 3 and 4. The determined
saturation percentage (SP), field capacity (FC), and
wilting percentage (WP) of the pure compost are
187%, 103.5% and 18.1%, respectively. The high SP
and FC values reflect the high ability of compost
material to retain water, The value of the saturation

percentage for the pure compost is thus nearly 10, §
and 4 times as that of soils 1, 11 and HI, respectively.
The large difference between FC and WP is reflected
in the markedly high available moisture (85.4% by
weight, Table 3), which represeats good soil water
storage capacity. The bulk density of compost was
found to be 0.52 g cm™. Results of chemical anatysis
of the compost indicate a C/N ration of 21.76. The
fermented compost is rich in nutrients N, P, K, trace
elements and organic matter content (Table 4).

The bulk densitics of the soil-compost mixtures
are presented in Table 5. A consistent pattern of
decrease in density was observed with successive
additions of compost in the soil-compost mixtures for
all three soils. The bulk density reached values as low
as 0.93, 0.80, and 0.76 g cm™ at the 50% mixing rate
for soils 1, 11 and III, respectively. These resulting
densitics represent approximately 60-62% of the
original densities (O-compost) of all three soils. -

Moisture retention data (soil moistare-tension
characteristics) of the three experimental soils are
given in Table 6. Statistical testing indicated that the
moisture characteristic differences are significant
among the three soils, being more s0 between soil I
(the sandy soil) and cach of the other two soils
(significant @ a = 0.01). Soils II and Il were,
however, different in their moisture retention
properties only at ¢ = 0.10. Table 7 displays the
moisture percentages (weight basis) at samration (SP),
field capacity (FC), and wilting poimt (WP) of soil-
compost mixtures for the nine different compost
applications rates. Table 7 shows also the calculated
available water (AW) under each treatment, as well as
the relative increase (%) in the available water
corresponding to various treatments. Results reflect a
trend of increasing available water (AW) of the soil-
compost mixtures with increased percentage of added
compost in the mixture, This trend appeared to hold
for all reatments and all three soils, Results are

depicted in Fig. 1. The maximum values of relative
increase in available water were 391.35, 228.93 and
196.18% for soils I, II and IT1, respectively, occurring
at the 50% compost treatment. The effect of adding
compost to soil is boosting the ability of the soil 1o
retain water, and hence increasing its content of
available water. However, the effect appeared more
pronounced for the sandy soil (soil I) in comparison
with the other two soils (SL and SCL textures). The
relative increase for soil 1 was nearly twice as much as
that of each of the other two soils (Table 7). Notably,
the available water percent in the sandy soil (soil I)
increased nearly 4 times from treatment 1 (0%
compost) to treatment 9 (50% compost), rising from
6.9% t0 27.1%, while the corresponding increases in
soils 11 and I1I were much Jess (from 16.5% to 37.8%,
and from 21.2% to 41.6%, for soils I and I,
respectively). Even at the much lower compost mixing
mteofs%,arelauvemcmseofwaﬂyzoo%m
available water was achieved in the sandy soil,
compared with approximately 134 and 128% in the
case of the sandy loam and sandy clay loam soils,
respectively. This strongly suggests that the impact of
compost application, even at relatively small amounts,
o sandy-textured soils is expected to result in
significant improvement in the soil’s water holding
capacity. Fig. 2 shows results of regression of the
available water (%) against percent compost added. It
is noticeable that, for all three soils, the AW curves
strongly fit a 3 order polynomial equation of the
form:;

y=a’+bx +ex+d 1]
where y is AW% and x is compost %, with markedly
high determination coeflicients approaching nearly
1.0 (ranging between 0.998 and 0.999 and being
significant @ 0.001). Organic substances, when
added to sandy soils, help improve the formation of
more water-stable aggregates and thus enhance the
chances of forming more small pores. Additionally,
the organic material itself has significantly high
capacity of holding water for prolonged times and
under higher magnitudes of soction. This secures
higher available water for the growing plants and
provides more favorable conditions for plant uptake of
water from the root zone.

Analysis of variance (ANOVA, Table 8) showed
highly significant effects for both soil type and added
compost rates on available mwoisture (a = 0.001 for
both factors). However, based on calculated F-ratios,
soil effect appeared stronger.

The effect of compost application rates on water
over a period of 30 days. Evaporation measurements were
performed over two seasons. One set of data was collected
during the month of December (representing winter) and
the other in July (representing summer). Results are
illustrated in Fig. 3.
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Table 1. Seoil physical analysis of experiment soils.

Particle size distribution

Soll Coarse sand Mediuvmsand  Fine sand Shit clay 002  Texture class Bulk Saturation
2-05mm.  05.25mm .25 - 05 mm_ 05-.002 mm. <pm density _percentage

I 15.3 207 59.3 0 47 S 1.56 19.5

1] 10.2 15.1 57.0 26 15.1 SL 1.30 38.88

jull 3.40 13.1 46.7 7.9 28.9 SCL 1.22 52.16

Table 2. Chemical characteristics of experiment soils.
Soil EC, Soluble cations, m.e/l Soluble anions, m.e oM. Total CaCO pH
mmobs Ca*? Mg Na't K = CO3” HCOF Cr SO4™ % N % ”

1 1.68 2,16 .46 1162 037 00 383 1179 199 0.23 0.06 6.94 8.3
II L.76 5.76 338 9.0% 041 8.0 079 280 542 0.28 0.10 21.90 7.5
11 1.50 £.21 5.71 1.68  0.12 0.0 6.25 633 2.68 0.93 0.14 4.11 7.4

Table 3. Physical and moisture properties of the compost.

Molsture characteristics Bulk density
Saturation percentage Field capacity Wilting point Available water % gm/cm3
% %
1870 103.5 18.1 854 0.52
Table 4, Chemical analysis of compost.
pH OM % Organic carbon % Total N % C/Nratie P, 05 % K,0PPM Ca % Mgz PPM Fe PPM Mn PPM in PPM
340 160

7.6 72 42 1.93 21.76 1.3 630 1.33 944 1788

$00Z (7) 05 "y uly T Tory
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Trestments M’
% compont Sofl 1 (samdy) Soll 11 {sandy loam:) Solk I11 (sendy clay loam)
1] 1.56 13 1.22
2 1.53 .28 1.20
4 1.51 1.26 1.18
6 1.48 1.24 L16
] 1.46 1.22 1.15
16 1.43 1.20 1.13
25 1.25 1.05 0.99
3 1.14 097 0.92
30 0.93 0.80 0.76
Table 6. Soil moisture- tension data for the three experiment soils.
SOILI SOIL 1T SOIL HI
(sandy) {sandy loam) (sandy clay loam)
Degree of Degree of Degree of
Tension 8y astwrathon, £ AW Oy satnration, 5 AW [ soturation, » AW
o water % %% Yo % Y % %% % %
0.00 19.5 100.00 38.88 100.00 52.16 100.00
103.0 812 63.55 30.33 78.01 4448 85.28
3100 7.63 59.64 25.02 64.35 34.76 66.64
5170 6.96 54.39 21.63 55.63 30.72 58.90
8260 6.05 47.28 19.16 49.28 28.16 5399
1033.0 443 34.59 6.93 16.43 42.26 16.49 25.77 49.41 21.21
30990 30 23.55 14.31 36.81 23.24 44,36
5165.0 222 17.38 13.01 3346 19.38 38.11
8264.0 1.3 962 12.09 3110 17,04 3267
103300 0.08 0.64 10.24 26.34 15.09 2893
15495 1) 0.71 5.52 8.53 21.94 13.55 2598

Cumulative evaporation water loss was found to
increase with increasing compost content for all three
soil textures and over the two scasoms. The 30-day
treatment in winter season were 39.30, 51.25 and
63.06 mm for soils I, I and I, respectively.
Corresponding sumumer values were 41.23, 54.49 and
68.07 for the three soils in the same order.
Cumulative cvaporation associated with the control
soils (0%-compost) were 12.1, 34.9 and 47.8 mm in
December and 12.3, 36,0, and 48.5 mm in July, for
soils I, I and 1II, respectively. The trends of
increasing cumulative cvaporation losses with
compost application rate were seen to display a
cohevent pattern only after a certain period of time (an
carly "initial” stage), which varied among the three
soils. During this initial period of time, the pattern of
cumulative water loss was mostly reversed as
compared with the ultimate pattern. Nevertheless, the
30-day cumulative evaposation was a distinct function
of compost content The duration of the initial stage
was shorter in sand (~7-8 days) than in sand loam
(12-15 days) and sand clay loam (13-17 days) in
December data (Fig. 3). July data showed similar
trends for the sand loam and sand clay loam, but the
initial periods were shorter than in winter (these being
approximately 5-7 days for sand loam and 8-10 days
for sand clay loam). This “reversed” early pattern was
not distinguishable in the sandy soil. During these
carly stages and before the final order was

showed lower cumulative evaporation losses than did
the ones with lower compost rate treatments, then the
curves swilched order. This change in the relative
positions of the curves appears to reflect the
relationship between soil type (mainly texture),
external evaporative demand {evaporativity) and soil
mwistare content. Shortly after saturation, and for a
few days depending on soil, the moisture content in
the soil does not represent a limiting factor in the
evaporation process, and the amount of evaporated
waler is determined primarily by the external
evaporative demand, coupled with the ability of the
soil to conduct water vapor to the atmosphere (ease of
water vapor release- or escape- from soil pores, which
is influenced by the adhesive forces that act between
soil matrix and water molecules), Hence, the soil with
lower water-holding capacity would release its water
that stage are those with the least amounts of added
compost; and vice-versa, soil mixtures with high
compost content showed much lower evaporation
during thosc early days. Later in the process, when
soil-compost mixtures have lost significant amounts
of their original water contents, evaporation becomes
more controlled by the availability of soil water. At
this later stage, soils with less organic materials
would have lost most of their available water, and
consequently evaporate less. Meanwhile, soils with
higher contents of compost materials will stili be
having considerable amounts of water and can thus
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fulfill external evaporative demand. The shorter early
periods observed for the sand loam and sand clay
loam in summer data and the disappearance of that
period in the case of sand are apparently due to the
fact that drying takes place at a faster pace during
summer time due 10 increased external evaporative
demand.

The observed pattern of association between
compost content and cumulative evaporation losscs
draws the attention 1o an important consequence. In
spitc of the fact that higher evaporation from
compost-rich soils during the later stage of
evaporation is caused by higher water content and
improved water refention properties, the outcome is
not favorable, as it simply means losing water. This
leads to low water use efficiency, which defeats the
purpose of using compost or other amendments in the
first place. An important conclusion to make in this
regard,tlwrefore,mthatspemlcaremus(begwento
cropping compost-mixed soils to minimize
evaporation Insulation of soil surface is an obvious
option. This may be done through the use of tunnel
cropping, controlled greenhouses, or by using surface
mulching, particularly in hot climates and under
warmn summer conditions.

Detailed ANOVA analysis reflected the effects of
" so0il, compost application rate, and season on
cumulative evaporation. Measurements taken at all
compost content, and season, all have highly
significant effects on evaporation (all @ a = 0.001).
At all times, the effect of soil type (texture) remained,
consigtently, the most dominant of all factors. The
significance of the other two factors, namely compost
and season, changed over the monitoring time. At
carfy times, the effect of compost content showed
relatively lower F-ratios (while still highty significant)
than the season effect (Table 9). As time advanced,
however, the effect of compost application rae
displayed progressive increase, having, after 30 days,
an F-ratio more than 6 times greater than that of the
scason, and about 64 times greater tham that
determined for compost effect afier 7 days. The
increasing importance of the effect of compost content
at later times is apparently related to the fact that later
in the evaporation process the moisture content
becomes the decisive factor when soils high in
compost content have more moisture to cope with

ion d 1 as explained earlier. Signifi

interaction cffecis were seen between all pairs of
factors. The greatest- and most persistent- significant
interaction effect (o = 0.001) occurred between soil
type and compost content. This interaction is perhaps
the easiest to comprehend. Soil type is the major
influential factor determining evaporation, yet it is a
factor that is most susceptible to changes with
compost content.

Soil x season interactions showed significant
effect (u = 0.01) starting day 10 and high significance
(a = 0.001) afterwards. Compost *x season interaction
showed significant effects, where significance levels
ranged between 0.001 (days 7, 10 and 15) and 0.01
(day 30). Some of the ANOVA results are shown in
Table 9 for evaporation data taken after 7, 10, 15, and
30 days.

The effect of compost application rate on
improving the soil as a plant-growing media was
examined through studying the rate of germination of
different vegetable seeds. Seed germination of 3
vegetable crops, namely tomato, cucumber and lettuce
was monitored afler 21 days during the month of
December over two consccutive scasons, Results,
presented in Fig. 4, showed that the germination
percentage increased with increasing compost
application rate for all three soils. Under no compost
application (control treatment), germination ratios .
(%) for tomato seeds were 71.9, 67.9 and 66.89% in
soils I, H and I, respectively. Corresponding ratios
for the 10% compost treatment were 93, 86.5 and
83l%ﬁorﬂ|ethnesotls,mthenmeorder

For cucumber sceds, percentages for
the control (0% compost) were 49.1, 67.1 and 68.4%
in soils I, 11 and III, respectively. Corresponding
values for the 10 % compost treattnent were 98.0,
93.1 and 94.5 for the three soils in the same order.
Germination percentages for lettuce seeds were 48.5,
42.4 and 40.9 for site I, 11 and 11T respectively for the
control. The rates improved for the 10 % compost
treatment and rose io 77.5, 73.4 and 71.6 for the three
soils in the same order.

For all seced types and soils, a general trend of
increasing germination percentage was seen to be
associated with increase in added compost. The
respouse of germination rates to the varying compost
and took some “diminigshing return” patterns in nwost
cases, particularly for the sandy soil (Fig. 4).
Regressions patterns followed a logarithmic function
of the form:

y=alnx+b 12]
where y is germination % and x is compost %.
Determination  coefficients  indicated  statistical
significance in all cases; mostly at 0.01 (R? >0.9197),
and in fewer cases at 0.05 (0.9197 > R? 2 0.7709).
Equations and determination cocfficients are shown in
Fig. 4. Although highest germination rates were
attained at the highest compost application rates,
some “economic” rates could be identified. These are
the rates associated with higher relative (and not
necessarily the absolute highest) germination rates,
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Fig. 1. Saturation percentage (SP), field capacity (FC), wilting point (WP) and svallable water (AW) in sand, sand
loam, and sand clwy loam seoils, as affected by increasing rates of sdded compost.
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1 ¥ig. 2. Effect of compost application rate om available water in sand, sand loam, and sand clay loam solls.

Table 7. Molsture parameters (Ssturstion percent, SP; ficld capacity, FC; wilting point, WP; and
available water AW) for different compost-soil mixtures.

Compat SOILI (sand) SOILI (sand leame) mmm(l-lcbyhﬂ)

% TEF FC WP AW e | & FC WP AW %e | & FC WP AW

] Yo b Ny Vo AW % Y % e ) AW e ) L) b ) % of AW
‘ 00 195 76 0.7 &9 100 89 25 B85 1635 100 522 348 136 212 100

j 20 193 102 11 91 131.4 398 2715 94 18 1083 522 389 14.1 248 1169

E 40 201 127 19 107 1549 48 B9 10.2 197 1193 524 413 153 2% 1226

i 60 206 139 26 113 1637 |41 326 N4 202 1286 | 51 426 162 263 1241

} 80 26 169 32 136 1969 {427 ME 127 11 1Kl ]H &3 167 271 7

: 10.0 243 189 46 144 2016 431 362 135 227 1318 52T &5 179 26 134.7

i 5.0 36 D6 6.1 176 2533 2 40.8 156 252 1526 | 561 518 191 327 145

i 330 3Ly 267 71 196 2832 584 459 16T 292 1712 | 629 558 05 353 1662

k 50.0 454 317 W06 271 94 627 548 171 378 2289 | 784 638 22 416 1962

100.0 157 3.5 181 854 12328 | 187 1035 18) B854 5179 187 1035 181 854 4026
A S M ——

M S iies

i Table 8. Aualysls of variamce (ANOVA) for available moisture data— Sums of squares, ¥-
{
|

e 24108, 1 sigiticunice bevels.
| Source Sum
i of variation of sqwares aL Menn squnre Frutis™
L TFECTS 1004.3422 2 5024211 1303.54500¢
: B: COMPOST CONTENT 9308000 8 1188500 261.049%
| RESIDUAL
TOTAL (CORRECTED) 728444 16 0455277

1962.9267 26

ﬁll—lﬂnmuﬂﬁeuﬂd_mm

&, va_sot Lomote siguificamoe st 0,05, .01, smd 0.001, respectively.

applications were 4, 6, and 6% for soils I, II, and 111,

Compost rates associated with most beneficial respectively, where over 83% germination occurred.
return were taken as points corresponding to higher Compost rates associatod with most beneficial
change in germination percentage (greater slopes on  increase in lethice germination rates were 6%, 6%
germination curves and marked increase in values, ands%forsmlsLlIandlll,respeawelyAumned
Fig. 4 and Table 10). For tomato seeds, these rates germination percentage was approximately 70% in
were 4, 6, and 8% for soils I, 11, and ITI, mepectively, this case.
matching germinstion rates of about 83%. For ANOVA 1ests reflected highly significant effects
cocymber, corresponding rates of compost (@ = 0.001) for compost aspplication raies oa
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germination percentages in all three soils. F-ratios
calculated for compost effect varied markedly and
were of the order; cucumber > tomato > lettuce (Table
11). Fig. 5 shows the pooled least squares means.
Based on overall pooled averages, compost-treated
tomato and lettuce seeds than did the sand loam or
sand clay loam, but had lower germination raies for
highly significant (@ = 0.001) only in the case of
scen except for the onc case of soil x compost for
anmberseeds('!‘ablell)

soils to compost content (Fig. 4). The relative increase
(%) followed the same logarithmic function as the
gSenmination perceniage curves:

y=alnx+b 31
where y is the relative increase in germination
percentage and x the percent compost added. Greater

M. Mokebel Al and M. N. A. Bedaiwy 1

relative increase in germination was seen in sandy soil
in the cases of tomato and cucumber seeds. Relative
rates of increase in sand loam were second and sand
clay loam had the lowest relative increase in
germination For lettuce, sandy clay loam so0il had the
highest relative increase in germination, followed by
sand loam and sand. Apparently, sandy soils bencfited
markedly from added compost material High
response of germination to compost additions in sand
is explained by the naturally-poor nutrient content and
low water holding capacity of sand. Any addition of
organic material to sach a poor soil enhances its water
retention capability as well as its nutrient supply, and
is thus matkedly reflected in improved properties and
increased productivity. The higher response of the
sandy clay loam soil in the case of lettuce seeds is also
consistent with the known favorable effects of organic
materials on clay-rich soils (Marshall, 1988; Sumner,
2000). Organic materials enhance better aggregation
which results in betier aeration and drainage and
leads to improved productivity.
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Table 9. Amalysis of variance (ANOVA) for evaporstion date~ Sums of squares, F-ratios, and
a!ggﬁcr_l_!celewll. Excerpted results of days 7, 18, 15 and 30.

Ne. of Source Sam Meon )
_days of veriation of squares e square Foratie®
MAIN EFFECTS
A: SOIL 4998190 2 24749095 21852794
B: COMPOST CONTENT 1209074 & 151134 133450
C: SEASON 585.8181 1 SBSBIBl  317.262%
INTERACTIONS
7 | aB SISSE704 16 32224190  28453vee
AC: 3.58080 2 2790402 2464
BC: 24561676 8 30702095  27.109%%%
RESIDUAL 18120896 16  1.1329373
TOTAL (CORRECTED) 64414498 53
MAIN EFFECTS
A: SOIL 39278442 2 19639221  787.883%e
B: COMPOST CONTENT 154.1763 g 192720 1Tasee
C: SEASON 256.629 1 2566296  102954%%¢
INTERACTIONS
10 | 4B 39755212 16 24347007  9.968%s
AC: 4767854 2 IR 9.564%
BC: 12413687 8§ 15517108 6.228ves
RESIDUAL 39882489 16 24926556
TOTAL (CORRECTED) _ 49479002 5
MAIN EFFECTS
A: SOIL 48575178 2 24287589 59701354
B: COMPOST CONTENT £53.1939 8 1066492  262.155%ee
C: SEASON 146.2241 1 1462341  359.434%%
INTERACTIONS
15 | AB 39624976 16 24765610  60.876%
AC 39.51248 2 19756239  48.563%%
BC 20.33187 B 2341483 6.247eee
RESIDUAL 65090889 16 04068181
TOTAL (CORRECTED) 63195389 3
MAIN EFVECTS
A: SOIL 9060.2687 2 4530.1344  15030.861%
B: COMPOST CONTENT 204412623 8 2555158 B4T.I94%
C: SEASON 2.4560 I 384560 127.596%%+
INTERACTIONS
W | AB 13606274 16  B.5039213  28216%%*
AC 6.71924 2 33596212  1LI4Tese
BC 10.19157 8 12739458 4277
RESIDUAL 4822222 16 03013889
TOTAL (CORRECTED) 11300647 53

AR F-raties are hased on the residual niean square crvor.
s, 0%, ¢4 demete siguificance ot 0.05, 0.01, sned 0.081, respectively.

Table 10, Germination percontages of tomato, cacumber, and lettuce, 21 day after seeding in sand, sand loam, and

sand clay loam soils, mixed with compost at different rates
Tomato

Canepost Cucwuber Lettuce
% 8 8L SCL 8 sL SCL 8 SL SCL
° Tt9e 619 669 ®.1 67.1 684 425 424 ©9
2 743 684 699 63.8 72 736 58.6 529 Y
4 83 724 713 86 %9 7.4 9.4 s4.4 549
6 26.9 826 80.2 89.8 84.5 856 76.7 76 678
s 917 82.3 83.2 93.9 883 872 7ne 704 76
10

93 £6.5 83.1 98 3.1 94.5 s T34 7.6

* Values shown are averages of two scasons.
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Fig. 4._Seed germination percentages (left) and relative increase in germination (right) for tomato, cucumber, and
lettuce seeds in sandy, sandy loam and sandy clay loam sails, as affected by compost content.

Vaiues of R? > 0.9197 indicate determination coefficients significant at 0.91
Values of R such that: 0.9197 >R? 0,779 indicate determination coeMicients significant at .85
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TMILWMWMOVA)M”MMM“MFM

aad sigaficancs lvel.
Suma Memm
dnﬂdh- of squares . square Foratie®
MAIN EFFECTS
A: SOl 438.57%6 2 21928TTE  43.579%e
B: COMPOST CONTENT 18780456 5 37560911  TA.G44%we
C: SEASON 2.5600 1 256000 0.509
INTERACTIONS
Tomato  4p. 624TTTTS 10 GUTTIE 1242
AC: 03466667 2 0.1733333 0.0%4
BC: 26853333 5 53706667  1.067
RESIDUAL 50320000 10 5.0320000
TOTAL (CORRECTED)  243%.178%9 135
MAIN EFFECTS
A SOIL 11.5800 2 579000 1.506
B: COMPOST CONTENT  4879.7067 S 97594133  253.343%%
C:SEASON 0.0100 1 001000 0.003
INTERACTIONS
Cocamber  ,p. MESII33 10 TE51333 18597
AC: 0.98000 2 049000 0127
BC: 3838333 5 1676667 1997
RESIDUAL 38446667 10 3.8446667
TOTAL (CORRECTED)  5695.6200 35
MAIN EFFECTS
A:SOIL 137.8867 2 6894333  1.803
B: COMPOST CONTENT  4384.0267 5 87680533 22926%%
C:SEASON 7.8400 1 7.84000 0208
INTERACTIONS
Lettnce 5. 2788667 10 20788667 0.9
AC: 66.84667 2 33423333 0874
BC: 336.58667 5 671311333 1760
RESIDUAL 38244667 10 38244667
TOTAL (CORRECTED) 55435200 33

DALl F-ratios are based on the residual mean square error.
a e a0t demote significance st 0.05, §.01, and 0.801, respectively.

CONCLUSIONS
The results of the work presented in this
manuscript reiterate the highly important role of
organic substances in soil. Adding compost material
to soils improved water holding capacity and
increased their available water content. It also

periods (~10-30 days). Seed germination raies were
showing high benefits at relatively low addition rates.

the condition of finer-textured soil through better
water retention, AW %, and germination are all
favorable, increased evaporation, even though it
reflects better water retention, must be dealt with
carefully for improved water use cfficiency. Use of
composi-s0il mixtures under conditions of high
cvaporative demands must be avoided. Good
management would require that compost-soil
mixtures be unsed in covered agronomic seftings
(greenhouse, tunnels, etc.) or with surface mamich,
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