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Abstract: A field experiment was conducted in the experimental farm of National Research Center at

shalakan (kalubia governorate) to study the effect of treating a clayey soil with some types of compost

on soil resistance and productivity of fodder beet (Beta Vulgaris, L.).Industrial food wastes compost

(IFWC), banana wastes compost (BWC) and mixture of them (IFWC+BWC) at ratio (1:1) were

incorporated with the soil at rates of 10 and 15 t/fed. Soil bulk density (SBD) and soil penetration

resistance(SPR) decreased while total porosity(TP),soil  moisture  content (SMC)  and vegetative  growth

of  fodder  beet i.e., root length, root diameter  and  yield  of  fresh  leaves and roots increased as a

result of using composts under study. Banana wastes  compost  exhibited  the  highest  effect  on  the

studied  parameters   regardless   the   applied  rates. On  the  other  hand,  15t/fed  treatments  were

better  than  10t/fed with the exception of 10t/fed BWC treatment.  The   statistical   analysis   showed

significant  differences  either  between  compost  treatments and   control  or  among  compost

treatments  each other. The obtained results may generally prove the importance  of  adding  compost

to  clayey  soil  to  reduce  its   high resistance  which allows in turn creating the  best  conditions

 necessary   to  plant  growth  and increasing   productivity  of  crops   especially  root crops  such

as fodder beet in our case study. The results in our study may encourage farmers to spread cultivating

 fodder  beet  in  old  valley  soils  besides  the  newly  ones  for  meeting  the acute shortage in fodder

crops. 
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INTRODUCTION

Fodder crops are crops that are 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 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 shortage in

fodders in summer season. It is grown successfully in

newly reclaimed areas provided that the organic

fertilizers should be applied. Although fodder beet was

cultivated in clayey soils several years ago, but its

productivity is still much less than that of sandy soil.

Many investigators used several organic wastes

included  compost  to  reduce  the  soil resistance of

clayey  soils and improving the related physical

properties. Wanas  reported that applied composts[1]

reduced the values of soil bulk density and soil

penetration  resistance  of  a  clayey   soil  and the

decrease was higher in the surface layer than the

subsurface  one.  He  found  also that more reduction

in soil  penetration  resistance  occurred  by increasing

rates of added composts, as well as an increase in soil

water content.  Nusier   reported  that  organic[2]

matter  generally  increased  the  ability  of the soils

to hold water, expand the available water capacity and

decreased the modulus of rupture of compacted

soils,(i.e. sandy loam, clay loam and clay). Bin Zhang,

et al.  mentioned that soil shear strength decreased[3]

with a greater Peat-amendment rate. They suggest that



J. Appl. Sci. Res., 3(7): 594-600, 2007

595

amending with organic  matter will improve recovery

from vehicle traffic damage and improve water

retention during dry period, providing better conditions

for plants and microbes. In another several researches

works, authors  pointed out those organic[4 , 5 , 6]

amendments positively affected soil physical properties,

penetration resistance and yield of crops. 

The  current  investigation  is  a  trial to reduce

the soil  resistance  of  a  clayey  soil   through

applying some  types  of  composts  to  enable  fodder

 beet  roots to penetrate the soil easily to the farthest

possible depths, which in turn act upon increasing its

productivity and consequently encouraging farmers to

spread its cultivation in the clayey soil and

compensating for the shortage in fodder crops.

MATERIALS AND METHODS

A  field  trial  was  conducted  on  a   clayey

soil at the  experimental  station of the National

Research Centre,  Shalakan, Kalubia governorate,

during the two successive winter  seasons  of

2003/2004 and 2004/2005 to elucidate the ability of

some chosen composts on reducing  soil  resistance 

which   in   turn  enhance fodder  beet  plants  to

 penetrate  deeply  into  the soil and consequently

increasing its productivity in clayey soils.  The

experiment  included  the  following treatments:

C Control treatment (without compost).

C Industrial food wastes compost (IFWC) i.e.,

(mixture of  orange  and  guava  residues),  at

rates of 10 and 15 t/fed.

C Banana  wastes  compost (BWC), at rates of 10

and 15 t/fed.

C Mixture of industrial food wastes compost and

banana wastes compost for rates of 10 and 15 t/fed

at ratio (1:1).

Composts  were  added  during   soil  preparation.
The   seeds   of   fodder   beet   (Beta   Vulgaris,
L.), (Beta Yorosphenger cultivar) were sown on 21st
and 25th of November in the first and second seasons,
respectively. The randomized complete block design
was applied with three replicates where treatments were
randomly allocated in each one. The plot area was 10.5
m² (5 rows, 60 cm width and 3.5 meters length). The
mineral fertilizers were applied uniformly to all the
plots as follows: 150kg/fed calcium superphosphate
(15.5% P2O5) was added during soil preparation, 50 kg
potassium sulphate (48% K2O) +100 kg/fed Urea (46
% N) after one month from sowing and  100kg
potassium  sulphate + 100 kg/fed Urea after 3 months
of sowing time. The irrigation was applied as
recommended i.e., the first irrigation after 21days and
every 15 days in the sequential irrigation. Regarding
the determination  of  vegetative  growth  parameters,
  at 190  days  old,  five  plants  from each plot were
picked up  randomly  as  representative samples for
measuring and calculating the following characteristics:
length of roots,  root  diameter  and  green  yield  of
leaves and roots in t/fed. The obtained data (two
seasons) were statistically  analyzed  according  to .[7]

After  harvest, soil  samples  were  taken  to
determine the hydro-physical properties of the soil.
Particle size distribution was  determined  based  on
the pipette method after . Soil bulk density was[8]

determined  from  the  volume – mass relationship for
each  core  sample. Total porosity was  calculated
using  the  values  of  soil bulk density and real
density (2.65Mg/m ).Mechanical strength as penetration3

resistance  was  evaluated  after  harvest using  field
penetrometer  device  as  described    by  and  soil[9]

samples  were   taken    simultaneously   with the  
measurements    of   soil   resistance,   to  determine
soil   moisture    content    at    different    depths.
Also soil   samples    were   taken   directly   before
irrigation and  two  days  after  irrigation  along the
season of growth to  determine  seasonal 
consumptive   use  which

Table 1: Some  hydro-physical  and  chemical  properties of the studied soil.

a) Hydro-physical Properties

Sand

------------------------------- Bulk Density Water holding Field Wilting Available

Coarse (%) Fine (%) Silt (%) Clay (%) Textural class (M g/m3) Capacity (%) Capacity (%)  point (%)  water (% )

1.3 19.8 34.2 44.7 Clay 1.23 64 36.8 11.9 24.9

b) Chemical analysis

pH (1:2.5) EC (dS/m) CaCO3 (%) OM  (%) CEC (meq/100g)

8.23 0.58 3.41 1.8 31.9

Table 2: Some main characteristics of composts under study

PH Ec (dS/m) OC (%) C/N Ratio N (%) P (%) K (%) Waxes (%) Lignin (%) Hemi-cellulose (%) Alpha-cellulose (%)

*6.63 2.30 25.10 19.0 1.53 0.88 0.60 10.47 28.65 48.66 7.82

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**7.64 3.60 29.90 18.5 1.62 0.69 3.31 10.70 19.07 32.67 23.96

*IFWC & **BWC=Industrial food wastes compost and banana wastes compost, respectively.
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calculated according to the equation described by .[10]

Water use efficiency was calculated using the following

equation: 

Water use efficiency = yield (kg/fed) / water

consumption (m /fed.) according to . Chemical3 [11]

analysis of compost carried out following the methods

described by .Analysis of lignin, waxes and different[12]

forms of cellulose carried out according to the methods

described by .The main characteristics of soil and[1 3 ]

composts under study are presented in Tables (1&2).

RESULTS AND DISCUSSIONS

Soil Bulk Density and Total Porosity: Data in Table

(3) denote the positive changes in the soil bulk density

(SBD) and total porosity (TP) which occurred as a

result of applying the composts under study. It is clear

that the decrease in the values of SBD and the increase

in the values  of  TP occurred regardless the depth of

the soil (i.e. 0-20 and 20-40 cm), type of compost or

rate and ratio of application. Banana wastes compost

(BWC) treatments (i.e. 10 and 15 t/fed) exhibited the

higher reduction in the values of SBD followed by

treatments of 15 t/fed for both the mixed and industrial

food composts, respectively, then at last treatments of

10 t/fed for the preceding treatments. The percentage

of reduction in SBD reached its maximum to 12.2 and

8.94% for 15 and 10 t/fed banana compost,

respectively against an increase in TP reached its

valuesto 10.58 and 7.76% for the same  former

treatments  for  the

depth 0-20 cm relative to the control. The minimum

changes were achieved with the treatments of 10 t/fed

either mixed or as industrial food compost alone. Soil

bulk density decreased by 5.69 and 4.07% for 10 t/fed

mixed and IFWC treatments, respectively while TP

increased under the same treatments by 4.95 and 3.53%

relative to the control treatment for the depth 0-20 cm.

The treatments of 15 t/fed for mixed and IFWC,

respectively occupied the intermediate arrangement. The

values of SBD declined by 8.13 and 6.5% while TP

values increased by 7.05 and 5.64% relative to the

control. 

On the other hand, the decrease and/or increase in

SBD and TP for the depth of 20-40 cm took the same

trend as in the depth of 0-20 cm but the percentage of

reduction and/or increase was less. The treatments

could be arranged in the following descending order:

15 t/fed  (BWC)  >10  t/fed  (BWC)  >15  t/fed

mixing >15 t/fed (IFWC) >10 t/fed mixing > 10 t/fed

(IFWC) > control.

The positive effects resulting from adding

composts to clayey soil could be attributed to the

dilution effect of composts which have bulk density

values much less than that of the soil. In addition to

their abilities to form larger aggregates compared with

that of the original state of the soil and hence

decreasing SBD which lead to modifying the structure

of the soil. These findings are in agreement with that

obtained by  who found that compost addition[4 , 5]

significantly reduced soil bulk density.

Table 3: Bulk density and total porosity of a clayey soil treated with composts. 

Rate and ratio Total

Applied composts* of application (t /fed.) Soil depth (cm) Bulk density (M g/m ) % of control Porosity (%) %  of control3

Control - 0-20  1.23 e ** 100.00  53.58 f ** 100.00

-------------------------------------------------------------------------------------------------------------------------

20-40 1.29 d 100.00 51.32 d 100.00

(IFWC) 10 0-20 1.18 d 95.93 55.47 e 103.53

-------------------------------------------------------------------------------------------------------------------------

20-40 1.25 c 96.90 52.83 c 102.94

-----------------------------------------------------------------------------------------------------------------------------------------------------------

15 0-20 1.15 c 93.50 56.60 cd 105.64

-------------------------------------------------------------------------------------------------------------------------

20-40 1.22 b 94.57 53.96 ab 105.14

(BWC) 10 0-20 1.12 b 91.06 57.74 b 107.76

-------------------------------------------------------------------------------------------------------------------------

20-40 1.22 b 94.57 53.96 ab 105.14

-----------------------------------------------------------------------------------------------------------------------------------------------------------

15 0-20 1.08 a 87.80 59.25 a 110.58

-------------------------------------------------------------------------------------------------------------------------

20-40 1.20 a 93.02 54.72 a 106.63

(IFWC+BWC) 10(1:1) 0-20 1.16 c 94.31 56.23 de 104.95

-------------------------------------------------------------------------------------------------------------------------

20-40 1.23 b 95.35 53.58 bc 104.40

-----------------------------------------------------------------------------------------------------------------------------------------------------------

15(1:1) 0-20 1.13 b 91.87 57.36 bc 107.05

-------------------------------------------------------------------------------------------------------------------------

20-40 1.22 b 94.57 53.96 ab 105.14

* IFWC&BWC =industrial food wastes compost and banana wastes compost, respectively

** Numbers followed by the sam e letters don't differ significantly (P= 0.05) according to Duncan's multiple range. 
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Fig. 1: Soil moisture content (SMC) of clayey soil treated with some types of compost    a) 10 t/fed    b)15 t/fed.

Fig. 2: Soil penetration resistance (SPR) oc clayey soil treated with some types of compost at  a) 10 t/fed.  b)

15 t/fed.

Moisture  Content  and  Penetration Resistance:

Fig. (1) indicates soil moisture content (SMC) that was

affected by the applied composts. It is clear that soil

moisture content reached to its higher values under

banana compost (BWC) treatments (i.e. 10 and 15

t/fed), while the lower ones were under industrial food

compost (IFWC).

On the other hand, the treatments of 15 t/fed

generally  achieved  the  best  results  compared with

the 10 t/fed treatments where high rate of composts

was accompanied by the highest increase in soil

moisture content. Although the 10 t/fed IFWC 
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treatment was the least effective but still better than the
control. Also, one should notice that SMC increased
gradually with the increase in soil depth. Because
surface layer (0-20 cm) is originally rich in its content
of plant residues besides applied composts, it is
supposed to be higher in its water content than
subsurface one (20-40 cm), but the contrary was true
according to the current obtained results and this trend
might be explained on the basis of its exposure directly
to the outer climatic conditions which lead to
increasing water loss via continued evaporation, in
addition to the increase of the consumption of irrigation
water  by  plants which leads to reducing its water
content. On the contrary, the farthest depths (20-40cm)
are  ordinarily far from the effects of the outer
atmospheric conditions and consequently, the factors
affecting water loss are in their minimum level, which
compensates to its lower content of plant debris and
applied composts. Soil water content at -0.033kpa was
increased by compost in the potato phase, compared to
the control, as mentioned by . [5]

Regarding soil penetration resistance (SPR), Fig.
(2) depicts that the studied composts left beneficial
effects on soil penetration resistance (SPR) which
greatly differed among the different types and rates of
application and soil depths as well. 

Soil penetration resistance decreased by increasing
the rate of applied composts from 10 to 15 t/fed.
Banana compost was more effective compared with the
others. It had the lowest values of soil penetration
resistance along all  studied  depths  till  40-cm
depth,  while  the highest

values occurred under the control treatment. The values
of soil penetration resistance were not regular from 0.0
till 40 cm depth because soil profile is ordinarily non-
homogeneous. It is also clearly noticed that the soil
penetration resistance values through the surface layer
were less than that of the subsurface one because the
former layer may contain composts more than
subsurface layer during plowing operation, as well as
the high original content of decayed organic residues
compared with the deepest layers. So, the major of
reduction was connected with the depths till 25 cm and
then increased with the depth. It is also observed that
the soil penetration resistance values decreased with the
increase of soil moisture content. 

The increase in the water content of compost
amended soil was associated with a decrease in soil
bulk density and this effect might be due to increased
surface area and consequently, soil absorption capacity
as a result of applied composts, as reported by .[14]

Results of  demonstrated that penetration resistance[15]

and shear strength decreased with increasing organic
matter content at  lower  soil water contents while the
reverse occurred at higher soil water content level.
Recent results by  referred to a reduction in soil[5]

penetration resistance (shear strength) as a result of
added compost. 

Vegetative  Growth  of  Fodder  Beet:  As shown
in Table (4) one can notice that the superiority of
banana wastes compost treatments (BWC) i.e., 10 and
15 t/fed on

Table 4: vegetative growth of Fodder beet grown in a clayey soil treated with composts.

Rate and ratio 
Applied composts* of application (t /fed.) Root length (cm) Root diameter (cm) Yield of  leaves (t /fed.) Yield of roots (t /fed.)

Control 0.0  50.06 c**  9.67 c**  5.73 g**  38.93 g**

(IFWC) 10 62.58 b 10.28 b 8.61 f 58.55 f

----------------------------------------------------------------------------------------------------------------------------------------------------------
15 65.28 ab 10.84 a 9.03 d 61.41 d

(BWC) 10 68.30 a 11.18 a 10.05 b 68.37 b
----------------------------------------------------------------------------------------------------------------------------------------------------------

15 68.38 a 11.40 a 10.90 a 74.12 a

(IFWC+BWC) 10 (1:1) 63.94 ab 10.56 ab 8.82 e 59.97 e

----------------------------------------------------------------------------------------------------------------------------------------------------------
15 (1:1) 68.22 a 10.97 a 9.21 c 62.60 c

*IFWC& BWC =industrial food wastes compost and banana wastes compost, respectively.
**Numbers followed by the sam e letters don't differ significantly (P= 0.05) according to Duncan's multiple range. 

Table 5: Seasonal consumptive use (SCU) and water use efficiency (WUE)  of  Fodder  beet  grown  in  a  clayey  soil treated with

composts.

Applied composts* Rate and ratio of application (t/fed) Seasonal consumptive use (m / fed) water use efficiency (kg/m )3 3

Control                       0.0  2984.93 a**  13.04 g**

(IFWC)                       10 2728.40 d 21.46 f

-----------------------------------------------------------------------------------------------------------------------------------------------------
                      15 2793.31 c 21.98 d

(BWC)                       10 2856.82 b 23.93 b
-----------------------------------------------------------------------------------------------------------------------------------------------------

                      15 2858.30 b 25.93 a

(IFWC+BWC)                       10 (1:1) 2709.87 e 22.13 e

-----------------------------------------------------------------------------------------------------------------------------------------------------
                      15 (1:1) 2822.83 d 22.18 c

*IFWC& BWC =industrial food wastes compost and banana wastes compost, respectively 
 **Num bers followed by the same letters don't differ significantly (P= 0.05) according to Duncan's multiple range.
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increasing the different studied parameters concerning

vegetative growth of Fodder beet compared with the

other treatments included the control. Root length and

diameter of roots recorded values amounted to 50.06

and 9.67 cm under control versus 68.38, 11.40, 68.30

and 11.18 cm for 15 and 10 t/fed BWC for the same

parameters in sequence. The same trend took place

under the other treatments of compost where the

treatments of 15 t/fed under mixing and IFWC

treatments had the 2nd order followed by treatments of

10 t/fed in the same former sequence. On the other

hand, the other parameters of vegetative growth (fresh

weight of leaves and roots) behaved as those

mentioned above.

The highest fresh weights were recorded under

BWC treatments  by values reached 10.9, 10.05, 74.12

and 68.37  t/fed  for  leaves  and  roots at the rates of

15 and 10 t/fed respectively. The rate of 15 t/fed for

mixing and IFWC treatments had the next order by

values amounted to  9.21  and  9.03  t/fed  for  leaves

versus  62.6 and 61.41 t/fed for roots. The rate of 10

t/fed of both mixing and IFWC treatments respectively

occupied the last order by  values of 8.82 and 8.61t/fed

for leaves against 59.97 and  58.55  t/fed  for  roots.

Finally,  the  control treatment had the lowest values

which reached 5.73 and 38.93t/fed for fresh weight of

leaves and roots, respectively. According to the results

obtained by  compost addition increased potato tuber[5 ]

yield above the maximum  yield  obtained  with

nitrogen  application.  El-Kouny et al.  found that[6]

onion yield was significantly affected by compost types

application. He added that the highest yield was

obtained by application of enriched urea, (6.21t/fed).

Consumptive Use and Water Use Efficiency:

Regarding the consumptive use (CU), Table (5) showed

that control treatment  consumed  the  highest

quantity  of  water so as  to  produce  the  lowest

yield  among the other compost treatments. This

behavior might be due to reducing the vegetative

growth of leaves under control which reduced the

shaded area on soil surface which in turn allowed the

outer atmospheric factors (i.e. directly sunrise and

winds) to cause more losses of irrigation water  via

evaporation. On the contrary, vegetative growth  of

leaves under treatments of compost was denser  and

larger  than  that under control. So a great deal of the

consumed water was through the deepest layers (i.e.

subsurface layers) because of length of the roots,

which elongated to the farthest depths and extracted

more  water beside what consumed from the soil

surface. Owing to covering soil surface under compost

treatments one expect reduction of water losses  by

evaporation  compared  to the control treatment. The

losses of water restricted to what consumed by plants

under the compost treatments. The treatment of banana

wastes compost at 15 and 10 t/fed had the highest

values of  seasonal  consumptive  use  followed  by

the  rate of 15 t/fed for mixing and IFWC, treatments

respectively. Finally, the rate of 10 t/fed for both

IFWC and mixing treatments achieved the lowest

values of seasonal consumptive  use.  It  was  clear

that the values of seasonal consumptive use were

connected with the yield of fodder beet.

Statistical analysis of seasonal consumptive use

showed significant differences among all treatments

(i.e. composts  and control).  On  the  other side, the

rates of 10 and 15 t/fed for banana wastes compost

treatment had no significant differences.

For water use efficiency (WUE), Table (5) showed

that control treatment achieved the lowest value of

WUE among the other treatments by a value of 13.04

kg/m  while BWC treatments had the highest WUE by3

values of 25.93 and 23.93 kg/m3 for the rates of 15

and 10 t/fed respectively followed by values of 22.18

and 22.13 kg/m3 for the rates of 15 and 10 t/fed under

mixing treatment (i.e. IFWC & BWC). Finally, IFWC

treatments had values  of  21.98 and 21.46 kg/m3 at

the rates of 15 and 10 t/fed respectively which

represents the lowest values among the other compost

treatments. On the other hand, statistical  analysis

exhibited significant differences among all treatments

under study. Abd El-Moez et al.  mentioned that[16 ,17]

composts added either alone or in combination with

different percentages of mineral fertilizers  to  a

clayey  or  sandy  soil  led  to  an increase in

 consumptive  use  as  a  result  of   increasing

yields of  both  pepper  plants (in a clayey soil) and

cowpea plants (in a sandy soil) but at the same time,

water use efficiency increased and was still higher

under compost treatments compared to the control

which achieved the lowest yield. 

It is obvious that the vegetative growth correlated

with the pattern of soil bulk density and soil

penetration resistance. It is worth mentioning to notice

that the highest values of different parameters of

vegetative growth occurred under banana wastes

compost which also achieved the minimum values of

soil penetration resistance and the highest soil moisture

content where each  of  them shares in increasing fresh

yield of both roots and leaves besides the increase in

length and diameter of roots which directly inversed on

yield of fodder beet, in addition to raising water use

efficiency of fodder beet which emphasizes the ability

of applied composts on reducing soil penetration

resistance and enable roots of plants to reach to the
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farthest depths in the soil to extract more irrigation

water and consequently maximizing the return from

unit of water as shown in the current research. 
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