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Abstarct: The organic materials composted are an ideal model of an effective recycling management based
on the natural cycle. It should be based on sustainable, flexible, natural and economical principles. Peanut
shells and sawdust were disposed in large amount causing environment pollution. Composting peanut shells,
sawdust and their mixes at ratios 1:1, 1:2, and 2:1, respectively were packed in cylinder cores to determine
some of their hydrophysical properties represent quality of horticulture substrates. Above mentioned
treatments were settled in pots and cucumber (Cucumis sativus L.) seeds were sown in. Results showed that
the material with large particles percentage would have large percentage of macro pore space and the
opposite was true, so most of the water was retained at the lower tensions in the studied substrates. Among
the used materials (peanut shells; sawdust and their mixes) the highest water retention capacity at the low
tensions was obtained from sawdust. The present data revealed that the fine particles of the studied materials
played an important role in increasing the capacity of air in the substrate. Sawdust had a pronounced effect
on increasing substrate content of water especially easily available water. But buffering capacity value of
sawdust was greater than peanut by about 41.46 %. Also, results indicated that mixture ratios 1:2 and 2:1
between peanut and sawdust had a greatest values of water buffering capacity as compared with the studied
substrates (individually), respectively. When peanut is dominant in the mixture (2:1) as attained one in total
pore space, (25.93%). Increasing sawdust in mixture containing peanut showed a moderate change of
16.67%. Improvement of the hydrophysical properties of the substrates used and its mixtures were reflected
in increasing dry matter content of cucumber plants as in increasing peanut in different mixture ratios used.
Similar trend was obtained in N, P and K uptake by cucumber plants.
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INTRODUCTION

A serious problem have faced agricultural sector in
nursery is substrates used as a growing media which are
imported from a broad such as peat moss. As the
resource of these substrates are quite exhausted in
Egypt, it is of great interest to look for a valuable
substrates from local resources.

Horticultural substrates consists mainly of organic
materials and have much lower real density[1]. Also,
they mentioned that the method of determining particle
density by submersion is very difficult for horticultural
substrates, because organic components are not
completely solid, absorbing water into them as well as
adsorbing water into their faces. Also, the method gives
weighted mean densities, and do not provide an
adequate description of combination of components[1].

The porosity is generally determining the shape of
the moisture characters curve (pF curve) which reflects
pore size distribution.[2]. More detailed analysis can be
obtained by developing a pore size distribution curve.
Pore size distribution is directly correlated to moisture
retention curves[3] who stated that pore size distribution
curves may allow one to visualize internal structure of
the substrates. Landis[4] stated that porosity can be
functionally divided into three parts, total porosity,

aeration porosity (macropores) and water holding
porosity (micropores). The most important physical
properties of a growing media used as horticulture for
stability are good aeration, drainage and optimum water
retention capacity[5]. Milks et al.[3] stated that factors
such as bulk density and moisture content of the
substrate during blending can alter the structure
significantly, therefore, structure does not "come in
bag", but rather is created at the point of use.

The measurement of substrate physical properties
usually describes capacity and transport characteristics.
Capacity measurements include the ability to retain and
release water and air space available under different
conditions. Michcels et al.[6] stated that for horticulture,
the phase distribution (solid material, water and air) of
a substrate is important especially at matric potentials
between -10 cm and – 100 cm water column as
described by many authors. DeBoodt and
Verdonck[7] used water characterize several substrates
to describe certain ranges of the moisture
characteristic curve as Air Space (0 to 1 kPa), Easily
Available Water (1 to 5 kPa), and Water Buffering
Capacity (5 to 10 kPa).

There are many methods and characteristics that
describe these parameters[8], who added that the transport
characteristics involve aspects of water movement, such
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as drainage and hydraulic conductivity. All of these
methods give indirect measurements of substrates
structure.

The aim of the work is to asses the effect of
improved hydro-physical properties of some local
materials, peanut shells and sawdust, and their mixes on
the cucumber plant growth.

MATERIALS AND METHODS

Two types of materials were used as substrates in
horticultural nursery (peanut shells and sawdust) were
chosen to carry out this investigation. Peanut shells were
used after being exposed to 100 oC by using steam
boiler for 150 hours according to[9]. Sawdust was
prepared by the aerobic composting for three month
using (NH4)2 SO4 (20.5 % N) superphosphate (15.5 %
P2O5) and K 2SO4 (48 %K2O) at rates of 50, 50 and 10
g/kg, respectively.

The treatments were peanut : sawdust, 1:0, 0:1, 1:1,
1:2 and 2:1 on volume basis, respectively. Cores with 5
cm in diameter and 7 cm in height were filled with
substrate treatments and packed by same way for
hydrophysical characteristics determination.

Cucumber (Cucumis sativus L.) seeds were sown at
mid February, 2006, ten seeds for each pot (10 cm in
diameter and height). The above mentioned treatments
were replicated trice and in a completely randomize
design were placed in greenhouse. Plants were irrigated
twice a week at 60 % of easily available water.
Germination percentage was estimated at 5 and 10 days
after sowing. Then plants were thinned to three plants
per pot to complete vegetative growth. Three weeks age
cutted and some growth parameters were recorded such
as plant height, leaves number. Plants were oven dried
at 60 oC to determine the dry matter. Total N was
determinedaccording the method described by Breminar
and Mulvany[10]. Potassium and phosphorus were
determined according to the method described by
Cottenie et al.[11].

Chemical properties of the used materials in this
study, EC(1:10), pH (1:10) , and organic matter were
determined after[12]. Hydrophysical characteristics (bulk
density and specific gravity) were determined after[13]

then used to calculate total pore space % (TPS) from the
equation:

TPS = (100 x (1 – BD/RD)

Where BD is bulk density (g/cm3 ) and RD is the
real density (g/cm3 ).

Moisture characteristics curve using sand box
apparatus was described by[14] were used to estimate the
followings:

Water retention capacity %(WRC) is the difference
between water content at 0 and 100 cm suction, free air
space % (FAS) is the ratio of water content in the
material (dry weight) / bulk density, water buffering

capacity (WBC) is the difference of water content
between suction 50 cm and 100 cm, easily available
water % (EAW) is the difference of water content
between suction 10 cm and 50 cm and air capacity %
(AC) is the difference between total pore space and
water content at suction 10 cm

Particle size distribution of each substrate was
determined using three, 100 g oven dry, samples (60oC).
Each sample was placed on a series of 6 sieves (ranging
from 1 – 6 mm) and shaken for 5 min at 160 shakes
per min. Portions of substrate samples remaining on
each sieve were weighted and expressed as the
percentage of total sample weight (Fig 1).

Data were subjected to analysis of variance and
correlation after Dospekhov[15].

RESULTS AND DESCUSSIONS

Particle size distribution: Particles size distribution of
the studied materials and their mixtures are shown in
Fig. (1). Peanut and sawdust at ratios 1:0 and 2:1 had
large values of the particles size more than 3.0 mm,
while the finest ones (< 3 mm) were observed at ratios
0:1 > 1:1 > 1: 2 in descending order. Peanut :
sawdust at ratio 2:1 had a equilibrate ratio between fine
and coarse particles, so porosity improvement was
expected. From the above mentioned, it could be
concluded that the material has large particles
percentage would have large percentage of macro pore
space and the opposite was true. Hence, domination of
macro pores reflected good aeration and consequently
reflected high amount of water specially at low tensions.

Bulk density: Results noticed that the highest 0.27
g/cm3 and lowest 0.18 g/cm3 values of bulk density
(BD) values were obtained from sawdust and peanut,
respectively. Results also showed that increasing
sawdust increased BD values of the investigated mixes,
although the opposite was true in case of peanut.
Therefore, the substrates mixed with sawdust had a
higher BD value. This finding agree with Wilson[12] who
stated that in greenhouses, usually lower BD is desirable
due to easier handling and less root losses during the
pick up and transplantation. Also, the compaction of the
substrates in a container plays an important role in BD
values and consequently on the total pore space, which
reflects directly on the its water characteristics.

Air capacity: According to the air capacity, which is an
indicator to the pore space filled with air and/or water,
peanut and sawdust at ratio 1:2 treatment has larger
amount (64.73%). While peanut alone has the lowest
value (17.33%). Results also show that increasing
sawdust in mixture increase its air capacity. Data on
hand revealed that the fine particles of sawdust played
an important role in increasing the capacity of air in the
substrate due to increase medium and micro pores. Also,
there was an equilibrium state at different tensions
which
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Fig. 1: Particle size distribution of the peanut, sawdust and their mixes.

Fig. 2: Water release curves at different suction of the peanut, sawdust and their mixes.

was equal to water content at field capacity. Air
capacity values pointed to the hydraulic conductivity
(indirect view) where all macro pores were presented in
conducting and continuously state.

Total pore space: Data on hand revealed that both
peanut and sawdust had the highest (43.75%) and lowest
(6.90 %) values of the total pore space (TPS),
respectively. One can notice that whether peanut alone
and for mixed with sawdust has a pronounced effect on
increasing TPS. Also, TPS could describe its benefits
by measuring the ability of substrates provide the grown
plants by air and water. When peanut is a dominant
component in mixture (2:1) showed an increase TPS
(25.93%). While moderately change in TPS was
observed in case of increasing sawdust in mixture
containing peanut.

Free air space: Results indicated that free air space
(FAS) of the peanut is greater than that of sawdust by
22.10%, while mixture between them at ratio 2:1 had
great value of TPS which is 46.6 % and 78.98% as
compared with peanut and sawdust, respectively. Free
air space could resemble hydraulic conductivity in
saturated flow, so data on hand showed that increasing
peanut could

Table 1: Some chemical and physical properties of the studied
mterials.

EC
Properties pH dSm-1 OC OM N P K
------------ -------------- ----------------------------------------------
Material 1:10 C : N %
Peanut 6.32 0.80 1:46 35.76 61.51 0.77 1.74 0.36
Shells
Sawdust 6.11 0.38 1:47 27.28 46.92 0.58 1.05 0.18

improve hydraulic conductivity of the substrates used in
horticulture and consequently substrates drainage state.

Water retention capacity: Data on hand revealed that
water retention analysis were shown in Table. 2.
Obtained results noticed that most of the water was
retained at the lower tensions in the studied substrates.
This may be due to the larger amount of macro pores
increased amount of water retained at low tensions. On
the other hand, among the mixed materials, the highest
water retention capacity (WRC) obtained from peanut
(59.05%) and peanut sawdust at ratio 2:1 (49.24 %).
These increase in the WRC may be due to the organic
matter content which had increased WRC as a result in
structure improvement. Also, the expandable structure
of peanut increased WRC especially within the material
itself. Higher water capacity at low tensions is very
important for optimal
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Table 2: Hydrophysical characteristics of the peanut shells and sawdust and their mixes.
Ratio between SG BD TPS FAS AC WRC EAW WB C
-------------------------------- -------------------- --------------------------------------------------------------------------------------------
peanut shells sawdust Θ% in the sample g cm-3 %
1 0 3.45 0.32 0.18 43.75 19.17 17.33 59.05 34.58 4.10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0 1 4.24 0.29 0.27 6.90 15.70 59.61 55.92 29.31 5.80
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1 1 4.62 0.28 0.22 21.43 21.00 52.57 44.33 23.44 8.56
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1 2 4.35 0.30 0.25 16.67 17.40 64.73 47.82 27.48 10.52
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 1 5.62 0.27 0.20 25.93 28.10 48.87 49.24 26.08 10.72
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD 5% - 0.02 0.03 2.48 1.23 2.48 3.19 1.80 0.60
SG: specific gravity, BD: bulk density, TPS: total pore space, FAS: free air space, AC: air capacity, WRC: water retention capacity, EAW: easily
available water, WBC: water buffering capacity.

Table 3: Germination percentage and plant growth parameters of cucumber grown on peanut shells, sawdust and their mixes.
Treatment Germination % after Uptake (mg/plant)
-------------------------- ------------------------------ -------------------------------------------------
Peanut Sawdust 5 days 10 days Plant height Leaves no Dry weight N P K
shells (cm) (g)
1 0 65 92 16.40 6 2.95 74.31 6.71 95.92
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0 1 49 58 7.85 3 2.19 24.36 2.15 39.75
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1 1 61 90 15.80 6 2.63 71.02 6.43 91.73
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1 2 54 69 12.30 5 2.38 64.36 5.82 82.91
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 1 71 98 18.80 8 3.37 91.41 8.27 106.56
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD 5% 4 5 1.19 2 0.22 10.69 0.66 4.79

plant growth[16]. These result could be attributed for one
or more of the following: i) sawdust has a fine particles
more than the peanut which absorb excessive water on
its surfaces, ii) micro pores in sawdust is a dominant
pores and the opposite was true in peanut case, iii)
mixes between sawdust and peanut led to improving of
pore size toward micro and iv) medium pores which
absorb excessive water than each alone and peanut
permit to absorb water internal and external its
expandable particles structure. These results agree with
Hillel[17] who stated that pore volume have been
consisted of micro and macro pores. He has defined
macro pores as consisting mostly of interaggregate
cavities serving as the major pathways for the hydraulic
conductivity and drainage of water and for aeration. He
added also that micro pores have an important role
because they are responsible for water retention due to
its interaggregate spaces.

Easily available water: Data on hand noticed that the
maximum and minimum easily available water (EAW)
were obtained from peanut (34.58%) and mixture ratio
1:1 (23.44%) with sawdust. One can notice that EAW
value of peanut increased by about 18 % as compared
with sawdust alone. This finding agrees with Black and
Hertage[1] who stated that substrates such as peat to
absorb water in inter-structure, while in case of sawdust,
most of the water was absorbed into their faces. Also,
sawdust has a pronounced effect on increasing substrate
content of water especially EAW. Also Sahin et al.[18]

stated that optimal conditions required for good plant

growth not less than 20 % of air content and 20-30 % of
the available water. They added that these conditions
play an important role in supplying plant by its
requirements of both air and water in root zone.

Water buffering capacity: Peanut and sawdust had a
lower value of water buffering capacity (WBC) as
compared with other mixtures between them. But WBC
value of sawdust was greater than peanut by about
41.46%. Also, results noticed that mixture ratios 1:2
and 2:1 between peanut and sawdust had a greatest
values of BC and increased by about 15.6, 81.4 and
161.5, 84.8% as compared with the studied substrates
(individually), respectively. While there is no significant
difference at 5 % level between the last two ratios.
These results could be attributed for increasing fine
particles of sawdust, its high water retentivity for water
and also pore size distribution of mixtures which led to
improve pore size distribution through increase micro
and medium pores than before.

Pot experiment: Results noticed that peanut alone or
added to the different mixtures treatments had a
promotive effect in germination percentage after 5 and
10 days from sowing. According to the germination
percentage after 10 days, there were significant
differences between any two treatments except between
peanut and peanut: sawdust at ratio 1:1 at 5% level..
This result may be due to the increase in moisture
amount of the substrate by increasing sawdust in
mixture and to free air space which is responsible of gas
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diffusion and exchangeable. Similar results were
obtained in case of cucumber plant height. There
significant differences between any treatments except
peanut and its mixture with sawdust at ratio 1:1.

According to the cucumber dry weight, there were
significant differences between treatments. It was clear
that improvement of the hydrophysical properties of the
substrates used and its mixtures were reflected in
increasing dry matter content as in increasing peanut in
different mixture ratios used. From the above
mentioned, results noticed that peanut had a promotive
effect on the increasing the dry matter content. This
finding is in agreement with Sramek and Dubsky[19] who
found that peat based substrates amended with
alternative components or non-peat substrate can bring
better results than the peat ones.

Macro nutrients (N, P and K) uptake are shown in
Table (3). The highest and lowest values of the N, P
and K-uptake were 91.41, 8.27, 106.56 and 24.36, 2.15,
39.75 for peanut mixed with sawdust at ratio 2:1 and
sawdust alone, respectively. Data on hand reveal that
increasing peanut in mixture treatment associated with
increasing in N, P and K uptake by cucumber plants.
This result could be attributed to one or more of the
followings: i) peanut contains greater amount of macro
nutrients than sawdust, ii) peanut could supply the
grown plants by its requirements, and iii) high
peanut nutrients retentivity to added macro nutrients.
There were highly positive significant correlations at 5%
level between N, P and K from side and Both TPS and
FAS. This means the importance of TPS and FAS,
which represent different types of the pore space, in gas
diffusion and exchangeable in root zone and its relation
with uptake of these nutrients. This results agreed with
those obtained by Sahin et al.[20].

Statistical analysis: Similar results were obtained in
case of germination at two studied periods, dry matter
content, no of leaves and plant height. Also, highly
positive correlations significantly at 5% level between
N, P , K from side and plant height, leaves no. and dry
matter content from the other one. Specific gravity
showed highly significant correlations negatively with
FAS , AC and WBC (-0611**, -0.576**, -0.673**) and
positively with TPS, EAW and WRC (0.494**, 0.855**,
0.664**), respectively. This result is reflecting the close
correlation between water characteristics of the studied
materials with their different volume pore space
especially which retained easily available water and air
for root respiration. Also, negatively significant
correlations was found between water retention capacity
and water buffering capacity with r value -0.831** and
this due to WBC is considered a portion of total water
retained in substrates (WRC).

Conclusion: It is of great interest to find out a valuable
substrate from local resources to be used in horticulture.
Steamed peanut and composted sawdust were used
individually and their mixture to improve its quality

through hydrophysical properties. Data noticed that
mixture between peanut and sawdust at ratio 2:1 was the
best treatment that improved hydrophysical properties
especially water and air content of the materials and
improved all growth parameters of cucumber under
experimental conditions.
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