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ABSTRACT 
 
 A completely randomized green house experiment was conducted to evaluate the three organic wastes 
(composted bark, composted filter mud and peat moss) and in combination with each other as media (substrates) 
for seedlings production of fodder beet. Prepared media were: A-bark, B-filter mud, C-peat, D:J- mixtures of A, 
B and C at the ratio 1:1:1, 2:1:1, 1:2:1, 1:1:2, 2:2:1, 2:1:2 and 1:2:2(w/w), respectively. Results showed that vol 
% of air and easily available water (EAW) for imported peat moss were very low (7.50 and 18 vol%). This 
means that growing plants will suffer from suffocation due to the very low content of large pores responsible for 
aeration. Easily available water (EAW) for the other substrates is in the range of 20 to 23% which means 
sufficiency of available water to plants. Improvement of peat hydrophysical properties was occurred by mixing 
it with composted bark and composted filter mud substrates. Consequently, root length of fodder beet increased 
by 29, 31, 33, 7, 38, 17 and 22% that of peat moss substrate for substrates D to J. In addition, all vegetative 
growth parameters and dry matter production took the same trend.   
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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. Some cheap organic wastes that naturally exist with big quantities in 
the surrounded area can be chosen as raw materials for producing composted substrates suitable for seedling 
production. So, it is of great interest to look for valuable substrates from local resources. 
 In Egypt, sugar-cane filter mud is considered as one of the residue which is produced in great amounts (by 
product obtained from the clarification of cane juice in the sugar industries). It makes about 3-4 % of total sugar 
cane yield, with an estimated amount of about 380.000 ton/year, coming from 10795000 ton sugar can/year 
Hassan, et.al., 2010. These residues represent a problem in getting disposed. Therefore, it is necessary to try to 
use it as a valuable substrate because it contains a considerable amount of N, P, K and micronutrients (Ali et.al., 
2002). Wood industry wastes include sawdust, wood bark, wood shavings, wood chips and finely divided wood 
fibers. Such Ligno- Cellulosic materials are available in large quantities that reach 15 % of the manufactured 
wood. For example, the Nile Match Company (Alexandria, Egypt) imports wooden blocks that are processed to 
produce match sticks and parts of prefabricated buildings. The resultant of this activity (approximately 1500 t/y 
wastes) represents a costly disposal problem (Shaaban, 1996).  
 Horticultural substrates consist mainly of organic materials and have much low real density (Black and 
Hertage, 1986). Limitations to the use of composts as ingredients of growing media are their physical properties 
(high bulk density and low amount of easily available water), (Raviv, 2011). The most important physical 
properties of a growing media used as horticulture for stability are good aeration, drainage and optimum water 
retention capacity (Cabrera, 2003). 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., 1993 stated that 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. De Boodt and Verdonck, 1972 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).  
 Fodder crops are crops that cultivated primarily for animal feed. All types of fodder crops i.e. grasses, 
legumes, and root crops are fed to animals, either as green, as hay, i.e. crops harvested dry or dried after 
harvesting, or as silage products. Egypt suffers from a large shortage in fodder crops needed for feeding and 
breeding farm animals, especially in summer season. Since clover is the main fodder crop in winter, and 
occupies large areas at the expense of the other essential crops, so it is clear that there is a need to search for 
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another fodder crops. Fodder beet among the other fodder crops can be planted for correcting the imbalance 
between the increased requirements of farm animals and the shortage of fodders, in addition to the possibility of 
storing it so as to compensate for the fodders shortage in summer season. It is grown successfully in newly 
reclaimed areas. Fodder Beet is a long growing-season crop which requires a high level of care in establishment. 
Fodder Beet requires a fine seedbed that is well drained with no sub soil compaction. Care is required when 
establishing a seed bed. 
 The current investigation is a trial to obtain some suitable and cheep substrates for seedlings production of 
fodder beet to decrease the long season growing in the field and compensate the fodders shortage in summer 
season. It could be achieved through improvement of peat hydro physical properties by composted bark and 
filter mud additions. 
 
Materials and Methods 
 
 A completely randomized green house experiment with 4 replications for each treatment was conducted in 
plastic posts of 1L capacity (Cochran and Cox, 1957) to evaluate the three organic wastes (composted bark, 
composted filter mud and peat moss) and in combination with each other as media (substrates) for seedlings 
production of fodder beet.  
 
Examined media (substrates): 
 
 Sugar cane filter mud (fm) is a by-product obtained from the clarification of cane juice in sugar industry at Sohag 
Governorate. In the manufacture of cane sugar, the precipitated impurities in the cane juice, after removal by 
filtration, form a cake of varying moisture content is called filter mud. This cake contains much of the colloidal 
organic matter anions that precipitated during clarification. In Egypt, a tremendous mass of filter mud as 
byproducts. These waste residues present a problem for disposal. 
 Wood industry wastes include sawdust, wood bark, wood shavings, wood chips and finely divided wood 
fibers. Such Ligno- Cellulosic materials are available in large quantities that reach 15 % of the manufactured 
wood. Wood bark is one of the waste residues resulting from the Nile Company for Match and prefabricated 
buildings at Alexandria Governorate.   
Different media were prepared to be used for production of fodder beet seedlings. Prepared media were: 
A. Composted bark (b). 
B. Composted filter mud (fm). 
C. Peat moss (p). Some chemical compositions of used organic wastes are shown in table 1. 
D.  Mixture of bark, filter mud and peat moss at the ratio 1:1:1 (w/w), respectively. 
E. Mixture of bark, filter mud and peat moss at the ratio 2:1:1 (w/w), respectively. 
F. Mixture of bark, filter mud and peat moss at the ratio 1:2:1 (w/w), respectively. 
G. Mixture of bark, filter mud and peat moss at the ratio 1:1:2 (w/w), respectively. 
H. Mixture of bark, filter mud and peat moss at the ratio 2:2:1 (w/w), respectively. 
I. Mixture of bark, filter mud and peat moss at the ratio 2:1:2 (w/w), respectively. 
J. Mixture of bark, filter mud and peat moss at the ratio 1:2:2 (w/w), respectively. Some chemical 
compositions of substrates used are shown in table 2.         
 
Table 1: Some chemical composition of used organic wastes. 

 
Characters 

Composted 
bark 
(b) 

Composted 
filter mud 

(fm) 

Peat moss 
(p) 

pH (1:20) 6.87 7.62 5.9 
EC dS.m-1  (1:20) 0.4 0.72 0.3 

OM % 70.2 74.81 79.1 
OC % 40.72 43.39 45.88 

C / N  ratio 20.77 18.87 20.85 
Total nitrogen % 1.96 2.3 2.2 

Total (P2O5%) 0.58 2.93 0.26 
Total (K2O%) 0.38 0.228 0.12 

Bulk density (g/cm3) 0.221 0.314 0.156 

 
Experimental layout: 
 
 A sufficient amount of water was added to each pot (60% of the water holding capacity) to allow complete 
hydration of organic composts then covered with plastic sheet. After tow days (for equilibrium) each medium 
was planted with 3 fodder beet seeds (Beta vulgaris, L.), (Beta Yorosphenger cultivar). After germination plants 
were thinned to one per pot. Fertigation was carried out using 1g/l complex fertilizer (19:19:19). Each pot 
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received 100 cm3 of the fertilizer solution once a week. The pots were re-irrigated to same moisture percent 
mentioned above once a week. After one month from plantation, seedlings were ready for transplantation on the 
open field. 
 
Table 2: Some chemical composition of substrates used. 

 
No. 

Ratio between 
Bark, filter mud and peat moss 

(b:fm:p) 

 
EC 1:20 

dsm-1 

 
pH 

1:20 
 

 
N 
% 
 

 
P2O5 

% 
 

 
K2O 
% 
 

A Bark (b) 0.4 6.87 1.96 0.58 0.38 
B Filter mud (fm) 0.72 7.62 2.3 2.93 0.23 
C Peat moss (p) 0.3 5.9 2.2 0.26 0.12 
D 1b:1f:1p 0.47 6.82 2.15 1.26 0.24 
E 2b:1f:1p 0.45 6.83 2.11 1.09 0.28 
F 1b:2f:1p 0.53 7.04 2.19 1.68 0.24 
G 1b:1f:2p 0.43 6.59 2.17 1.01 0.21 
H 2b:2f:1p 0.51 7.01 2.14 1.46 0.27 
I 2b:1f:2p 0.42 6.64 2.12 0.92 0.25 
J 1b:2f:2p 0.48 6.81 2.19 1.39 0.22 

 
Studied parameters: 
 
 Chemical properties of the used materials in this study, EC (1:20), pH (1:20), and organic matter were 
determined after Wilson, 1983. Bulk density was determined after Soleh, 1983 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 real 
density (RD) for organic substrates was taken as 1.45 g/cm3 (De Boodt, et al., 1973).  
 Moisture characteristics curve using sand box apparatus that described by Fonteno and Nelson, 1990 were 
used to estimate the followings: 
 Total pore space is the moisture content on volume basis at 0 cm suction (saturation). The volume % of air 
is the difference in vol % between total pore space and the volume % water at 10cm suction. The easily 
available water (EAW) is the quantity of water in volume % released from the material studied when the suction 
increases from 10 to 50 cm. Water buffering capacity (WBC) is the quantity of water in volume % released 
between 50 and 100 cm of suction. (De Boodt, et al., 1973). Data were subjected to analysis of variance after 
Dospekhov, 1984. 
 
Results and Discussion 
 
Hydro-physical characteristics of the used substrates: 
 
Bulk density and total pore space:  
 
 Some cheap organic wastes that naturally exist with big quantities in the surrounded area were chosen as 
raw materials for producing substrates suitable for seedling production. Chosen organic wastes were bark and 
filter mud. Imported peat moss also studied and taken for comparison. The study of the physical properties of 
growing media is still often based on the analysis of the water retention curve under stationary conditions, 
making it possible to deduce aeration and plant water availability properties (Michel, 2009). Limitations to the 
use of composts as ingredients of growing media are their physical properties (high bulk density and low 
amount of easily available water), (Raviv, 2011). 
 Bulk density is an important factor in maintaining the stability of container grown plants. Both growers and 
consumers dislike the substrates which have very low bulk densities. Light weight pots are now universally used 
in place of the heavier clay pots. If the substrate has a low bulk density tall plants are much more liable to topple 
over, especially in case of the substrate which has a partially dried out. For this reason widely accepted bulk 
density is around 0.4gcm-3 (Shaaban, 1996). Bulk densities of examined substrates range between 0.231 gcm-3 

for the substrate G (1b:1f:2p) and 0.314 gcm-3 for the substrate B (100% filter mud) compared with 0.156 gcm-3 
for the peat moss substrate. Therefore, bulk densities of examined substrates could be considered near to the 
accepted values. Taking into consideration that specific gravity of organic substrates are 1.45 gcm-3 (DeBoodt et 
al., 1973), total pore space of examined substrates ranges between 78.3% for substrate B and 84.1% for 
substrate G. Relevant value for 100% peat moss is 89.2%. As previously mentioned, value of bulk density 
around 0.4 gcm-3 is widely accepted. Accordingly, accepted total pore space is around 72%. Therefore, total 
pore space of prepared substrates exceeds this value by 8-16% compared with 24% for peat moss.         
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Aeration and availability of water: 
 
 The air capacity (vol% of air at 10cm suction) can be regarded as the ability of a substrate to regulate its air: 
water ratio after irrigation. In winter under conditions of low evapo- transpiration air capacity is greater 
importance when non porous plastic containers are used. Under such conditions, the loss of water by 
evaporation from plastic containers is only half of that of clay containers of equivalent size (Bunt, 1974). The 
volume% of water and air at different tensions for substrates A: J are shown in Fig.1. 
 For most of growing plants, the volume of aeration in the substrate must not be lower than 10%, this means 
that at air capacities above 10%, there was no reduction in growth by excessive watering (Bunt, 1974). Sahin et 
al., (2004) stated that optimal conditions required for good plant growth not less than 20% of air content and 20-
30% of the available water. It is necessary that in a substrate, the air capacity is not less than 10 volume %,( 
Bunt, 1974), and the easily available water ranges between 20 and 30 volume % (De Boodt and De Waele, 1968 
and Verdonck, et al., 1974). Data in table 3 reveal that all substrates can realize such optimal conditions except 
peat moss solely (substrate C). In all examined substrates vol% of air exceeds 10%. This indicates the 
sufficiency of aeration needed for the roots. Data refer to the equilibrium between both aeration (values of vol% 
of air) and availability of water (values of easily available water, EAW) for the chosen organic wastes 
(composted bark, composted filter mud and their mixtures used). On the contrary, vol % of air for imported peat 
moss is very low (7.50%). This means that growing plants will suffer from suffocation due to the very low 
content of large pores responsible for aeration. Also value of easily available water for peat moss is only 18 
vol%. Easily available water (EAW) for the other substrates is in the range of 20 to 23% which means 
sufficiency of water available to plants. The water release curves for substrates A: J are illustrated in Fig. 2. 
Noteworthy that EAW in bark and filter mud substrates are higher than of imported peat moss by 29.17 and 
25.39%, respectively. While the EAW increased by mixing bark and filter mud to peat moss. The increment of 
EAW ranged between 13.6 % for the substrate G (1b:1f:2p) and 21.8% for the substrate  
 
Table 3: Some characteristics of the air and water economy of substrates used. 

 
No. 

Ratio between 
Bark, filter 

mud and peat 
moss (b:fm:p) 

Bulk 
density 
g/cm3 

specific 
gravity 
g/cm3 

Total 
pore 
space 

 

 
Vol% water at suction of 

 
vol% of 

air 

EAW* WBC** 

10cm 50 cm 100 cm 

A 1b:0f:0p 0.297 1.45 79.52 56.81 33.56 29.58 22.71 23.25 3.98 
B 0b:1f:0p 0.314 1.45 78.34 52.63 30.06 25.98 25.71 22.57 4.08 
C 0b:0f:1p 0.156 1.45 89.20 81.70 63.70 55.80 7.50 18.00 7.90 
D 1b:1f:1p 0.256 1.45 82.35 63.71 42.44 36.79 18.64 21.27 5.65 
E 2b:1f:1p 0.266 1.45 81.64 61.99 40.22 34.99 19.66 21.77 5.23 
F 1b:2f:1p 0.270 1.45 81.35 60.94 39.34 34.09 20.41 21.60 5.26 
G 1b:1f:2p 0.231 1.45 84.07 68.21 47.75 41.29 15.86 20.45 6.46 
H 2b:2f:1p 0.276 1.45 80.98 60.11 38.19 33.18 20.87 21.93 5.00 
I 2b:1f:2p 0.244 1.45 83.16 65.93 44.92 38.95 17.23 21.01 5.97 
J 1b:2f:2p 0.247 1.45 82.92 65.09 44.22 38.23 17.83 20.88 5.99 

L.S.D at 0.05 0.071 - 4.10 9.7 10.6 10.9 6.5 2.2 1.1 
* EAW: Easily available water.   ** WBC: Water buffering capacity. 

 

 
 

 
 
Fig.1: The volume% of water and air at different tensions for substrates A: J. 
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Fig. 2: The water release curves for substrates A: J. 
 
 H (2b:2f:1p) compared that of substrate C (peat moss). On the other hand, water buffering capacity (WBC) 
for all the used materials including bark or/and filter mud more or less near to the optimum level (4%). This 
means that their value don’t adversely affect plant growth under the conditions of high evapotranspiration in 
greenhouse during the summer period.  In the case of peat moss, EAW is lower than examined substrates on the 
expense of water buffering capacity (WBC). This means that sensitive plants may suffer from the shortage of 
available water.  
 
Vegetative growth and dry matter production: 
 
 Seedling height, root length, number of leaves/ plant, fresh weight and dry weight as well as leaves area 
after 30 days from plantation are given in table 4. Data in hand show that 100% filter mud (substrate B) gave 
better growth of fodder beet transplants. Concerning the seedling height, growing on bark is equally height as 
filter mud growing. Seedling height in bark and filter mud substrates (A and B) are higher than of imported peat 
moss by 100%. While it increased by 71, 71, 88, 17, 91, 55 and 63% that of peat moss substrate by mixing bark, 
filter mud and peat in the substrates D to J, respectively. Moreover, root length, number of leaves /plant, fresh 
weight and dry weight took similar trend to that of seedling height. Under the conditions of conducted 
experiment root length were 52 and 75% that of peat moss substrate for substrates A and B. While it increased 
by 29, 31, 33, 7, 38, 17 and 22% that of peat moss substrate for substrates D to J. Also total leaves area 
increased by 120 and 205% that of peat moss substrate for substrates A and B. While it increased by 78, 85, 85, 
12, 103, 27 and 71% that of peat moss substrate for substrates D to J. Concerning of the fresh and dry weight 
data gave the same trend. Maximum increment were 142 and 258% compared that of peat, respectively for filter 
mud (B substrate). Minimum increment were 3 and 8% compared that of peat, respectively for G substrate. 
 
Conclusion:  
 
 It is of great interest to find out a valuable substrate from local resources to be used as growing media. It is 
possible of obtaining some suitable and cheep substrates for seedlings production of fodder beet to decrease the 
long season growing in the field and compensate the fodders shortage in summer season. Data noticed that all 
substrates are acceptable to use as growing media with one exception, is peat moss substrate. Maximum 
vegetative growth and dry matter production were observed in the two substrates A and B. Improvement of peat 
hydrophysical properties (especially which related easily available water and air content) was occurred by 
mixing it with composted bark and composted filter mud substrates. Consequently, root length of fodder beet 
increased by 29, 31, 33, 7, 38, 17 and 22% that of peat moss substrate for substrates D to J. In addition, all 
vegetative growth parameters and dry matter production took the same trend.  
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Table 4: Effect of different substrates on mean vegetative growth and dry matter production of Fodder Beet. 
 

No. 
Ratio 

between 
Bark, filter 

mud and peat 
moss 

(b:fm:p) 

 
Seedling 
height 

 
(cm) 

 
Root 

length 
 

(cm) 

 
Number of 
leaves/plant 

 
Fresh weight 

(g/plant)

 
Dry weight 

(g/plant)

 
Leaf 
area 

 
 

(cm2) 

 
Leaves 

area 
 

(cm2) 
leaves Root leaves Root 

A 1b:0f:0p 19.00 9.15 11.50 11.99 0.77 0.96 0.15 35.94 413.26
B 0b:1f:0p 19.00 10.50 11.54 18.51 1.52 1.66 0.24 49.65 572.99 
C 0b:0f:1p 9.50 6.00 9.02 7.64 0.63 0.42 0.11 20.78 187.39 
D 1b:1f:1p 16.25 7.75 10.60 10.29 0.73 0.71 0.14 31.60 335.01
E 2b:1f:1p 16.25 7.85 10.52 10.30 0.76 0.80 0.13 33.05 347.67 
F 1b:2f:1p 17.90 8.00 10.53 10.58 0.73 0.83 0.14 33.05 348.00
G 1b:1f:2p 11.10 6.40 9.45 7.85 0.65 0.45 0.12 22.22 209.97
H 2b:2f:1p 18.15 8.30 11.31 11.23 0.80 0.87 0.15 33.77 381.94
I 2b:1f:2p 14.75 7.00 9.50 8.82 0.65 0.52 0.12 25.11 238.52
J 1b:2f:2p 15.50 7.35 10.41 9.81 0.70 0.68 0.14 30.88 321.49 

L.S.D at 0.05 1.45 0.34 0.36 0.19 0.02 0.02 0.02 1.42 14.38
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