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ABSTRACT  
 

There is no doubt that, nowadays agriculture can be depending on agriculture management. 
Hence, this study is a special attempt to set the pertinent facts and ideas about some soil properties  
and behavior affected by agriculture management. This study can be achieved by estimating the 
chemical characterization of soil surface and subsurface (available N, P and K, electrical conductivity 
(EC), soil reaction (pH), soil organic matter (OM%) and total soluble ions) not only in 1989, 2007 and 
2015, but also predict it till 2025 by Slide-write computer program, as affected by permanent 
fertilization and two crop rotations) in real time and predict it in a future till 2025. This study carried 
out at a long-term fertilization experiment in Bahtim (clay soil) to study the prolonged effect of 
permanent fertilization treatments: Unfert (control treatment without any fertilizer or organic manure), 
N (mineral N fertilizer), NP (mineral N and P fertilizers), NPK (complete fertilization with mineral N, 
P and K) and FYM (farm yard manure) under crop rotations namely, one- year rotation (cotton yearly) 
and three-year rotation (cotton followed by clover then corn followed by wheat then corn). The results 
showed that, soil properties determined through the observation or the prediction data were in a high 
correlation with all agriculture tested practices along time. Concerning the long-time effect, there 
were a decline trend in the available (N, P and K) along time and expected to be till (2025) even with 
added the studied fertilizers. The results further show that even with use of fertilizers application, 
mineral fertilizers alone (N, NP and NPK fertilizers) in the intensive cropping system creates 
infertility and unfavorable conditions of soil which were lowering of soil (EC and OM%) and 
available (N, P and K). Permanent complete fertilizers (NPK) improve the tested soil chemical 
properties, but this improving is less than (FYM). Also, this study indicated that the practices of crop 
rotation could potentially improve soil fertility, three-year rotation enhanced (OM %), tested chemical 
properties than one- year rotation. Respecting to soil depth, available nutrients in the soil surface layer 
were higher than that in the deeper one under all studied treatments along time and expected to be till 
2025 within both one or three-year rotation. 

 
Key words: Prediction, long-term fertilization, crop rotations, soil depth and soil chemical properties   

 
Introduction 

 
It is well recognized that, to achieve a best soil management we need to acquire adequate 

quantitative of information on the soil environmental factors to get a good choice for agricultural 
management practices. Predictions on the success of management measures based on short-term 
studies may not correctly reflect future developments of the soil, if only few of the relevant factors are 
considered. However, long-term studies might facilitate evaluation of management measures even if 
restricted to a subset of relevant factors. Also, preservation or restoration of soil requires nutrient 
availability that could be achieved by long-term management (Oelmann et al., 2009). Soil based P 
management requires a long term management strategy to maintain soil available P supply at an 
appropriate level through monitoring soil P fertility because of relative P stability within soil. By 
using this approach, the P fertilizer application can be generally reduced by 20 % compared to farmers 
practice for the high yielding cereal crops (Zheng et al., 2010). 
The practices of crop rotation could potentially improve soil fertility and productivity while, no 
amount of chemical fertilizer or pesticide can be fully compensated for crop rotation effects Karlen et 
al. (1994). A historical perspective of crop rotation is the production of different economically 
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important plant species in recurrent succession on a particular field or group of fields to be a key 
cultural practice to avert the problem of mono-cropping (Arnold, 2012). Continuous mono cropping 
with one or two chemical fertilizer sources is one of the main causes of the gradual soil fertility 
depletion. However, crop rotations with the integrated use of fertilizer sources could help to avert 
such problems and lead to soil fertility improvement which can translate in a production and 
productivity of rotationally grown crops and hence address the food security problem (Zerihun and 
Haile, 2017). 

Accurate critical levels of nutrient recommendations should be accompanied by predictive 
models on the amount of nutrient required to increase nutrient availability to a target value to obtain 
reliable nutrient recommendations (Gerardo et al., 2008). Modeling of soil fertility has been a topic of 
varying interest, with the relatively recent advances in computing power, there has been a renewed 
interest in the potential for modeling (Refaie, 2008). Computerized model could more accurately 
capture the complicated relationships between soil nutrients and quantitative environmental factors 
(Li et al., 2017).   

Low soil fertility is one of the main challenges to produce surplus food for an ever increasing 
population. Hence, the objective of this study was putting a spot light on some chemical soil 
properties trend and behavior as affected by permanent mineral or organic fertilization, crop rotations 
and soil depth to cover some of important factors affecting on agriculture management by long-term 
and future vision. While, soil management requires not only well known of a soil properties as 
affected by different applications, but also, it need view of this applications effect in a long-term and 
future vision depending on a historical data, analyzed data and predicted data by using a computerized 
models. 
   
Materials and Methods 

 
Soil samples were collected from the permanent fertilization experiment at Bahtim to study the 

long-term effect use of organic, inorganic fertilizers and crop rotation on soil properties through 
different years.  While, Bahtim is a long-term fertilization experiment was established since (1919) to 
study the prolonged effect of permanent fertilization under two crop rotations. 

 The soil sampling and analysis of Bahtim permanent experimental plots can be illustrated as 
follows:  

 
Crop rotation: 

One-year rotation = cotton yearly and three-year rotation = cotton followed by clover then corn 
followed by wheat then corn.  

 
Fertilization treatments: 

Unfert = without fertilizers (control), N at the rate of 15 kg N\fed. for cotton and wheat and 22.5 
kg N/fed. for corn added as ammonium nitrate (33.5% N), NP = N the same level + P (23.25 kg 
P2O5\fed). in the form of calcium superphosphate (15.5 % P2O5), NPK = NP + K (48 kg K2O/fed). as 
potassium sulphate (48% K2O), while farmyard manure (FYM) is added at the rate of 15 ton/fed. The 
rate of such fertilizers is added for each crop. 

 
Soil sampling:  

Disturbed soil samples layers (0 -30 and 30 –60 cm) were taken from plots received the 
inorganic and organic fertilizers treatments in case of the one and three-year rotations. 

 
Soil analysis:  

Soil samples were taken in 2015, air dried and ground to pass a 2 mm sieve. Electrical 
conductivity (EC) as ds/m at 25 oC and soluble ions were determined in (1:5) soil water extract while 
pH was measured by using Beckman's pH meter. Organic matter percentage was determined using the 
modified Walkely and Black's method, Jackson (1973). Soluble nitrogen, available phosphorus and 
potassium were also measured according to Jackson (1973).  

Data obtained in 2015 were compared to those shown in 2007 (El.Shafie et al., 2009) and those 
in 1989 (El-Shafie, 1989). 
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Statistical analysis was done for all properties according to Snedecor and Cochran (1980). 
 

Model of development:  
Slide-write was the computer program that used to estimate the mathematical model equations. 

The equations estimated the chemical properties trend in observed period and predicted that in    
future 2025. 
 
Results and Discussion 
 
1. Nutrients status:  

The relation between available nutrients status in soil and the fertilization treatments, crop 
rotation and soil depth has been expressed as functions. It can be observed that the obtained regression 
equations can be used to establish an easy way to estimate the available soil nutrients (N, P and K) 
since 1989, 2007 and  2015 and predict it tell 2025 according to the observed data. Our figures clearly 
show there are a power, an exponential regression equations and the coefficients of determination (R2) 
which referring to the relations.  

 
1.1. Available nitrogen (N): 

It can be deduced from the data shown in Fig. (1) there are highly correlations between the 
available soil N and all agriculture practices tested along the time. These correlations exhibited a 
decrease in the available soil N during the time even with the addition of permanent fertilization N, 
NP, NPK and FYM and this decrease expectant to be continuous since 2015 during both one and 
three-year rotations in surface and subsurface soil, except there was a slightly increase in                     
a subsurface available N in one-year rotation along with addition of N, NP and FYM fertilizers. The 
probably continuous decrease of available soil N might be due to the depletion of the available soil 
nutrients particularly N. This result is referring to that most of soils are more commonly deficient in 
nitrogen than any other element because soil parent materials usually contain little or no nitrogen and 
this element is rather easily lost through leaching of nitrate ions or through its conversion to volatile 
N2 by microorganisms and also, a certain depletion by the cultivated crops. 

The permanent addition of mineral fertilizers (N, NP, NPK) increased available nitrogen 
compared to no addition of such fertilizers but these increases were lower than that treated with 
farmyard manure through the two soil depths at both one and three-year rotations along time and the 
predicted one that until 2025. The relative increment of the available nitrogen in soil with FYM might 
be due to the direct addition of N from the decomposition of organic matter leads to mineralization of 
organically bound nitrogen (Singh et al., 2015). 

In regard to soil depth, soil surface layer contained higher available nitrogen content than the 
subsurface one in one and three-year rotations along time and the predicted until 2025, this trend also 
was occurred with the addition of the permanent fertilization N, NP, NPK and FYM.  

Also, the crop rotation has a strong effect on the available contents of nitrogen in soil. The 
content of available N in soil was higher at three-year rotation than those of one-year rotation. This 
trend may be due to the role of legumes in three-year rotation, generally contribution of 50 to 200 
pounds of nitrogen per is mineralized over an extended period of time also. Many researchers estimate 
that from 40 to 75 percent of the total nitrogen contained in a legume cover crop is available in the 
soil for subsequent crops, depending on environmental conditions. In addition, trap crops like small 
grains can be used to capture leftover nitrogen from farm fields after a harvest of cash crops, small 
grains have extensive, fibrous root systems that can effectively mine the soil for available nitrogen by 
capturing and storing residual soil nitrogen, these trap crops prevent this nitrogen from leaching or 
running off farm fields (Keith, 2006).  

 It is very important to note that, as combined effect, the soil surface layer of the plots fertilized 
with farmyard manure during three-year rotation contained the highest available nitrogen than the 
other treatments. These finding are supported by El.Shafie et al. (2009) who concluded that, this result 
could be due to the fact that farmyard manure contains a quite respectable ratio of organic nitrogen 
which, therefore, is more effective in raising the total soil nitrogen especially in the surface layer 
where mineralization process increases as a result of increasing biological activities, consequently 
more available nitrogen.  
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Fig. 1:- Effect of fertilization treatments, crop rotation and long term since 1989, 2007 till 2015 and 

predict to 2025 on available Nitrogen content (mg/100g soil) in the surface and subsurface layers 
of the Bahtim permanent experimental plots. 

 

1.2. Available phosphorus (P):  
As shown in Fig. (2), it is clear that the values of available phosphorus in soil have variables 

reactions with the tested factors during the years. In general available soil P in soil showed a reduction 
trend with the time and this trend predicted to be continues till 2025. This decline in available P might 
be attributed to the removal of P by crops along the time and conversion of remaining water soluble P 
into insoluble forms to maintain the equilibrium conditions (Singh et al., 2015). 

Concerning the effect of long-term fertilization, there was a difference in available P among all 
fertilization treatments along the time. The available soil P of the unfertilized plots followed by that 
received nitrogen alone, but this increase was lower than those of the other treated with mineral or 
organic fertilizers. It is clear also that this increase was induced with either addition of mineral P or 
organic fertilizer. These results indicating that the soil supplying power for available phosphorus was 
affected during long history of the experiment. On the other hand, organic application increase 
biological activity in soil, and enhanced plant growth consequently it reflects on transformation or 
conversion non available P to available forms. Furthermore, the influence of application FYM on 
enhancing phosphorus availability may be due to the solubilizing effect of organic acids on organic 
phosphorus and organic anions retard the fixation of P in by complexing with organic ligands and 
chelation of P fixing cations (Singh et al., 2015).  Such result is supported by Malik et al. (2013) who 
indicate that Long-term application of FYM had more distinct effects on soil microbial biomass and 
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phosphates activity, thereby enhancing soil P activity and improving soil P cycling rate. These results 
are in keeping with the fact that the addition of mineral and organic P sources had an effect on the soil 
P availability in addition that long-term, continuous application of organic amendments (farmyard 
manure) can greatly improve soil P availability (Keke et al., 2016).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2:- Effect of fertilization treatments, crop rotation and long term since 1989, 2007 till 2015 and 
predict to 2025 on available Phosphorus content (mg/100g soil) in the surface and subsurface 
layers of the Bahtim permanent experimental plots. 

 

It is clear also, regarding to the effect of soil depth;  The soil surface layer contained higher 
available P than the subsurface one with long all the  studied practices along the time and predicted to 
be continuous till 2025. This result may be due to a slow movement of P through soil profile. 

The observed data in Fig. (2) illustrated an increase in available phosphorus at three-year 
rotation comparing with one-year rotation during the time  and this trend expected to be continuous 
till 2025 in both surface and subsurface layer affected by all the treatments. Such decrement of 
available P in the plots of one-year rotation may be due to the continuous cropping of cotton plants 
yearly in that rotation which resulted in the depletion of available phosphorus, this result confirmed 
with (Heckman et al., 2003) who revealed that there were a few differences among the crop rotation 
production system main plots across the years but the exception was the soil P concentration, which 
was substantially lower when corn was grown the prior year or years rather than cotton, this finding 
due to that corn has been documented to remove more P from the soil than cotton .On the other hand, 
the available P increasing under three-year rotation may be due to the better soil management through 
such rotation which favors soil aggregation, consequently increase the availability of applied 
phosphorus. This finding agrees with that of Keith (2006) who concluded that farmers use the best 
nutrient management practice when they use legumes in crop rotations to supply biologically fixed, 
atmospheric nitrogen as a replacement or supplement for inorganic nitrogen fertilizer. Furthermore, 
the increment of available soil P in surface layer than subsurface one at three-year rotation may be due 
to including deep-rooted cover crops in rotations helps to better distribution of phosphorous from 
deep within the soil profile to the soil surface, where plant roots have better access to it. 

It is interesting to mention that soil surface layer of the plots fertilized with FYM through the 
three-year rotation contained the highest available soil phosphorus. 
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1.3. Available potassium: 
It is clear from data in Fig. (3) that, available K in soil were inclined to a decrease along the 

time and expected to be till 2025 in all tested layers of soil, even with the long-term effect of  N, NP , 
NPK and FYM fertilizers incorporate crop rotations, also the reduction of available K  was predicted 
to be continuous until 2025. These results may be ascribed not only to a large amount of the K is fixed 
by clay minerals present in the soil which becomes slowly available, but also rendered to the depletion 
effect along time (Abdul Wakeel et al., 2013) .   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3:- Effect of fertilization treatments, crop rotation and long term since 1989, 2007 till 2015 and 
predict to 2025 on available Potassium content (mg/100g soil) in the surface and subsurface 
layers of the Bahtim permanent experimental plots. 

 

Comparing the influence of the studied fertilization treatments, there was a correlation between 
the available K in soil and the addition of fertilization treatments, whereas the highest values were 
recorded by the addition of FYM followed by NPK, NP, N and the control, respectively. These 
findings are coinciding by Shan et al. (2010) who pointed out that manure amendments significantly 
increased the contents of soil organic carbon and total N and the availability of soil P and K, 
compared to long-term inorganic fertilization. Furthermore, the increase in K availability as the 
residual effect of FYM was due to higher microbial activities in soil which influenced the release of 
non-exchangeable or fixed-K forms into available forms (Singh et al., 2015). 

With regard to the effect of soil depth, available K in the soil surface layer was higher than that 
in the deeper one in all studied treatments along time and expected to be till 2025 within both one or 
three-year rotation. This trend may be due to the high absorption of available K in that depth of (30-60 
cm) which is considered as the active soil zone of root growth. These results are in keeping with that 
found by El.Shafie et al. (2009). 

  In relation to the impact of long-term crop rotation, available K in soil within one-year 
rotation was higher than that of three-year rotation as affected with all the treatments along time and 
expected to be till 2025. In this point  Keith (2006) noticed that, the effect of crop rotations on soil 
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potassium (K) is very complex, but generally, deep-rooted cover crops in rotations helps to better 
distribution of potassium from deep within the soil profile to the soil surface, where plant roots have 
better access to it. But such result could be referred to the accelerated exhaustion of the available K by 
successive crops grown under the three-year rotation system with no adequate compensation 
comparing with those grow under one-year rotation. These results are in agreement with El.Shafie et 
al. (2009). 

We can say that, the highest value of available K was realized in the surface layer of the plots 
fertilized with farmyard manure within one-year rotation while the lowest one was found in the 
subsurface layer of the plots treated with control treatment within three-year rotation. 

 
2. Soil reaction (pH): 

Soil pH is an important indicator of soil health. It affects nutrients availability, and soil micro-
organism activity which influence key soil processes. Data illustrated in Fig. (4) revealed that 
application of different treatments did not affect strongly on the pH even with a long- term effect and 
this result also predicted to be continuous till 2025, generally, the soil pH were found to be stable to 
slightly decrease or increase in some cases. This trend may be due to that soil with high clay is more 
able to resist a drop or rise in pH (have a greater buffering capacity) than sandy soils, this finding is in 
consistent with Hanuman et al. (2014). 

 
  
Concerning fertilization treatments, there was no greater difference in soil pH, generally FYM 

slightly decreased soil pH, which diminishing in pH of the soil with FYM might be due to the release 
of organic acids from decomposition of the manure. These results are in agreement with the finding of 
Singh et al. (2015). On the other hand, in case of the soil surface pH, during three-year rotation, there 
was a slightly increase by adding NP, NPK and FYM. This mainly rendered to the releasing of cations 
due to the mineralization of organic matter that enhanced the soil reaction to alkalinity (Diego et al., 
2011) or may be attributed to the buffering action of soil and also conversion of some organic acids 
into bicarbonate and carbonates with time (Singh et al., 2015).  
Corresponding to soil depth and crop rotation treatment, there was no effect or clear trend on soil pH 
along time this trend may be due to  that soil with high clay is more able to resist a drop or rise in pH 
(Hanuman et al., 2014). 
 
2. Electrical conductivity (EC): 

Behavior of soil EC as affected to studying factor along time and the forecast of it until 2025 
was illustrated in Fig (5).  

Respecting to the differences among year generally, values of soil EC were increased along 
time except some cases of the treatment, whereas values of EC were decreased along time and 
expected to be that even till 2025. As shown in case of control and N treatment EC values in surface 
layer were decreased except there is an increase in these values in a subsurface layer of both one and 
three-year rotation along the time, this increase of EC value in sub layer may be due to the leaching of 
soluble salts from the surface layer. Also there is a decrease in the values of soil EC in subsurface 
layer in case of both one and three-year rotation which treated with N and NP fertilizers, that lowering 
in a subsurface soil EC values during the years might be due to more continuous absorption of the 
nutrients in this depth by the crops without adequate replenishment.  

Concerning fertilization treatments, there was no greater difference in soil pH, generally FYM  
Fig. 4:- Effect of crop rotation, fertilization practices and long term since 1989 ,2007 till 2015 and predict to 

2025 on Soil reaction (pH) In the surface and subsurface layers of the Bahtim permanent 
experimental plots. 

 
Concerning fertilization treatments, there was no greater difference in soil pH, generally FYM 

slightly decreased soil pH. This diminishing in pH of the soil with FYM might be due to the release of 
organic acids from decomposition of the manure. These results are in agreement with the finding of 
Singh et al. (2015). On the other hand, in case of the soil surface pH, during three-year rotation, there 
was a slightly increase by adding NP, NPK and FYM. This mainly rendered to the releasing of cations 
due to the mineralization of organic matter that enhanced the soil reaction to alkalinity (Diego et al., 
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2011) or may be attributed to the buffering action of soil and also conversion of some organic acids 
into bicarbonate and carbonates with time (Singh et al., 2015).  

Corresponding to soil depth and crop rotation treatment, there was no effect or clear trend on 
soil pH along time. This trend may be due to  that soil with high clay is more able to resist a drop or 
rise in pH (Hanuman et al., 2014).  

 
3. Electrical conductivity (EC): 
 

Behavior of soil EC as affected to studying factor along time and the forecast of it until 2025 
was illustrated in Fig (5).  

Respecting to the differences among year generally, values of soil EC were increased along 
time except some cases of the treatment, whereas values of EC were decreased along time and 
expected to be that even till 2025. As shown in case of control and N treatments, EC values in surface 
layer were decreased except there is an increase in these values in a subsurface layer of three-year 
rotation along the time, this increase of EC value in sub layer may be due to the leaching of soluble 
salts from the surface layer. Also there is a decrease in the values of soil EC in subsurface layer in 
case of both one and three-year rotation which treated with N and NP fertilizers, that lowering in a 
subsurface soil EC values during the years might be due to more continuous absorption of the 
nutrients in this depth by the crops without adequate replenishment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5:- Effect of crop rotation, fertilization practices and long term since 1989 ,2007 till 2015 and predict to 
2025 on electrical conductivity (EC) In the surface and subsurface layers of the Bahtim permanent 
experimental plots. 

 
Concerning fertilization treatments, FYM increased the EC values in both surface and 

subsurface layer along time and expected to be till 2025. The increase in the EC of the soil with 
continued application of FYM was due to the addition of salts through fertilizers and solubilization of 
native minerals due to the relative reduction in the pH of the soil (Singh et al., 2015). 



Middle East J. Agric. Res., 6(4): 1376-1388, 2017 
ISSN: 2077-4605 

1384 

With regard soil depth, EC of the surface layer was lower than that of the subsurface one along 
time and expected to be till 2025 at the different studied treatments. The increase of EC value in 
deeper layer may be due to the leaching of soluble salts from the surface layer as a result of the 
efficient drainage system established in the Bahtim Experimental plots (El Shafie et al., 2009).  

Comparing one and thee rotations on the soil EC values in both surface and subsurface layers, 
the obtained results of three-year rotation reveal high values of soil EC than one-year rotation in both 
soil depths and in case of all the tested treatments during the time expected to be that till 2025. This 
result may be due to the best nutrient management practice when they use legumes in crop rotations to 
supply biologically fixed, atmospheric nitrogen as a replacement or supplement for inorganic nitrogen 
fertilizer (Keith 2006). This result also may be due to the residual effect of that three-year rotation 
crops with the time of the long-term effect of the three-year rotation.   

The results finally concluded that, the highest value of soil EC was observed in the sub- surface 
layer with FYM at three-year rotation. But the lowest value of soil EC was appear in a surface layer 
without any fertilizer (control treatment) along one-year rotation. 

 
4- Soil organic matter percentage (OM %):  
 

Organic farmers often judge and monitor soil health based on the amount of organic matter in 
each farm field, it can be managed by measures such as applying the proper amount of fertilizer and 
cropping practices that improve soil organic matter content and overall soil health. As demonstrated in 
Fig. (6) It is clear that the tested factors have a strong effect on the percentage of soil OM.   

 

 

 

 

 

Data shown in Fig. (4) indicate that soil EC strongly related to the factors under study  

 

 

 

 

 

 

 

 

 

 
 

 
Fig. 6:- Effect of crop rotation , fertilization practices and long term since 1989 ,2007 till 2015 and predict to 

2025 on (O.M %) In the surface and subsurface layer of the Bahtim permanent experimental plots. 

Regarding to correlation between time and percentage of soil OM, it pointed out that the time 
has a strongly effect on (OM%) values where, it slightly increased through the years as a result of 
long- term effect even without any fertilization treatments influenced only by crop rotation, and this 
trend is expected to be raised tell 2025. These results may be led to that the long-term fertilizer 
application into soil, increased plant biomass produced by fertilizers as a result of return the organic 
material into the soil in the form of decaying roots, litter and crop residues, consequently result in a 
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higher soil organic matter content and biological activity compared to no fertilizers applications. But 
it is clear that, this increment were lower than that the plots treated by fertilization. This is 
demonstrated by Haynes and Naidu (1998) who stated that the reports from long-term fertilizer 
experiments, showed that in the long-term (ie. >10 yrs) increased yields resulting from fertilizer 
applications result in increased returns of organic matter to the soil and a higher soil organic matter 
content than where no fertilizer is applied, where the plot which has received annual N,P,K fertilizers 
has equilibrated to an organic matter content that is 15% higher than the unfertilized treatment. 
Meanwhile, with compared organic fertilization to mineral fertilization, continuous adding FYM 
during the years raised percentage of soil OM as well as NPK, NP, N that also raised (OM%) at 
previous years but lower than FYM. These results are in agreement with Haynes and Naidu (1998) 
who emphasized that large increases in soil organic matter content can be achieved by adding organic 
manures to soil. Also, there were many workers have shown that continual additions of farmyard 
manure increase the size of the microbial biomass and stimulate enzyme activities tend to have 
positive effects on both soil aggregation and macro porosity which reflect on the decomposition that 
has occurred in which produced more organic matter content in soil. 

With regard to the effect of soil depth, percentage of soil OM intensely affected by soil depth 
along time. The top layer has higher (OM %) values than deeper layer one in all fertilization practices 
and in one or three-year rotation along time and expecting to be that till 2025. 

In the concern of crop rotation, three-year rotation enhances percentage of soil OM than one-
year rotation. These may be attributed to the different plant types and higher amounts of roots which 
remain after harvesting consequently produce more addition of organic matter. These results agreed 
with El Shafie et al. (2009). 

The highest values of OM percentage that realized in a surface layer (0-30 cm) with the 
application of FYM associated with crop rotation. 
 
5. Total soluble ions:  
 

Data in Tables (1 and 2) characterized the status of total soluble ions (cations and anions) in the 
surface and subsurface layers of the experimental soil in 1989, 2007and 2015. 

 
5.1. Total soluble ions in surface layer: 
 

Data in Table (1) denote the status of total soluble cations and anions in the surface layer of the 
soil (0-30cm).  

It is clear that soluble cations and anions are tended to a decrease significantly along time in 
all cases. 

Concerning the effect of fertilization treatments, all soluble cations and anions give significant 
higher values with farmyard manure than mineral fertilization treatments or unfertilized one. This 
result agree with (El.Shafie et al., 2009) who revealed that, no clear differences in soluble Mg++, Na+ 
and K+ could be noticed among the plots received mineral fertilizers.  

Regarding to the effect of soil depth, the significantly highest values of total soluble cations and 
anions were recorded in the surface layer of the soil, this result are in coincidence with the result of 
(El Shafie et al., 2009).  

 In regard to the effect of crop rotation, three-year rotation recorded the highest significant 
values of all soluble cations and anions. 

 
5.2. Total soluble ions in subsurface layer: 
 

Data in Table (2) display the status of total soluble cations and anions in the subsurface layer of 
the soil (30 - 60cm).  

The values of soluble cations and anions give a decrement trend along time while, highest 
significant values were found in 1989 samples followed by 2007, while the lowest significant 
concentrations were recorded in 2015 samples.   
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With regard to the effect of fertilization treatments, all soluble cations and anions give the 
higher significant values with farmyard manure than mineral fertilization treatments or unfertilized 
one in a subsurface layer. 

In regard to the effect of crop rotation, three-year rotation recorded the highest significant 
values of all total soluble cations and anions in a subsurface layer along time. 

Generally, the application of farmyard manure in the three-year rotation in surface layer can 
give a highest t value of total soluble cations and anions. But the lowest values of total soluble cations 
and anions in unfertilized plot with one-year rotation in subsurface layer. 
 
Table 1: Effect of crop rotation, fertilization practices and long time since 1989, 2007 till 2015 on water soluble 

ions (meq/L)  In the surface layer in the Bahtim permanent experimental plots.  

Fertilization 
Treatments 

(A) 

  
years  
 ( C ) 

0-30 
Cations  Anions 

Ca++ Mg++ K+ Na+ HCO3
- Cl- So4

-- 
Rotations (B) 

 
One  Three  One  Three  One  Three  One  Three  One  Three  One  Three  One  Three  

Unfert. 

1989 
  

4.50 4.92 2.96 3.56 0.54 0.43 4.54 2.82 5.50 5.80 5.51 2.76 1.53 3.17 
N 3.54 6.12 2.64 2.85 0.34 0.31 2.57 2.52 3.90 5.51 1.85 1.90 3.34 4.39 

NP 2.89 5.14 2.08 3.69 0.33 0.45 3.50 3.30 3.53 4.96 2.76 2.64 2.51 4.98 
NPK 4.07 6.01 1.86 2.98 0.62 0.58 4.68 3.61 3.94 6.34 2.79 2.25 4.50 4.50 
FYM 8.04 8.52 4.55 4.56 1.20 1.47 4.28 4.88 5.55 6.70 3.83 4.99 8.69 7.74 

 
4.61 6.14 2.82 3.53 0.61 0.65 3.91 3.43 4.48 5.86 3.35 2.91 4.11 4.96 

Unfert. 

2007 
  

1.00 1.00 1.50 1.50 0.14 0.01 2.25 3.25 1.00 1.00 1.00 2.00 2.89 2.76 
N 0.50 1.50 1.50 1.50 0.12 0.04 2.50 2.50 1.00 1.00 1.25 1.00 2.37 3.54 

NP 1.00 1.00 1.25 2.00 0.11 0.12 2.50 3.50 1.00 1.50 1.00 1.50 2.86 3.62 
NPK 1.00 1.50 1.50 2.00 0.11 0.13 2.50 4.00 1.00 1.50 1.00 2.00 3.11 4.13 
FYM 1.25 2.00 1.40 2.60 0.28 0.12 4.25 3.00 2.00 1.00 2.00 1.50 3.16 5.22 

 
0.95 1.40 1.43 1.92 0.15 0.08 2.80 3.25 1.20 1.20 1.25 1.60 2.88 3.85 

Unfert. 

2015 
  

0.98 0.97 1.31 1.29 0.14 0.01 2.06 2.03 0.50 0.90 1.00 1.32 2.99 2.17 
N 0.50 1.00 1.30 1.30 0.35 0.04 2.22 2.15 0.50 0.50 1.00 0.50 2.87 3.49 

NP 0.50 0.50 1.20 1.50 0.10 0.10 1.50 3.55 0.50 1.00 1.00 1.00 1.80 3.65 
NPK 1.00 1.00 1.50 2.00 0.11 0.11 1.50 3.50 0.50 1.00 1.00 2.00 2.61 3.61 
FYM 1.00 1.50 1.20 0.55 0.23 0.11 4.00 2.50 1.50 0.50 1.50 1.50 3.43 4.61 

 
0.80 0.99 1.30 1.33 0.19 0.07 2.26 2.75 0.70 0.78 1.10 1.26 2.74 3.51 

LSD at 5 % 
A= 0.06*** 0.007*** 0.015*** 0.038*** 0.083*** 0.106*** 0.042*** 
B= 0.04*** 0.004*** 0.009*** 0.024*** 0.052*** 0.067*** 0.027*** 
C= 0.05*** 0.006*** 0.012*** 0.029*** 0.064*** 0.082*** 0.033*** 

 
Table 2: Effect of crop rotation, fertilization practices and long time since 1989 ,2007 till 2015 on water soluble 

ions (meq\L)  In the subsurface layer in the Bahtim permanent experimental plots.  

Fertilization  
treatments 

years  

30-60 
Cations  Anions 

Ca++ Mg++ K+ Na+ HCO3
- Cl- So4

-- 
Rotations 

  
One  Three  One  Three  One  Three  One  Three  One  Three  One  Three  One  Three  

Unfert. 

1989 

3.40 1.18 2.56 3.80 0.45 0.45 3.80 3.78 5.08 4.16 4.50 3.00 0.63 2.05 
N 3.70 4.42 2.48 1.30 0.38 0.22 3.70 1.28 4.00 4.72 3.60 1.40 2.66 0.92 

NP 2.10 3.64 2.55 4.66 0.38 0.41 5.60 2.80 5.10 6.65 4.24 2.40 1.30 2.51 
NPK 4.52 3.00 1.44 2.72 0.42 0.48 3.70 2.56 5.60 5.24 3.04 3.14 1.44 0.38 
FYM 5.96 6.82 1.90 4.42 0.38 1.02 1.92 3.62 3.80 7.10 3.92 7.26 4.44 1.52 

    3.94 3.81 2.19 3.38 0.40 0.52 3.74 2.81 4.72 5.57 3.86 3.44 2.09 1.48 
Unfert. 

2007 

1.00 1.00 1.50 2.00 0.10 0.26 2.50 4.00 0.50 1.50 1.50 2.00 3.10 3.76 
N 1.00 0.50 2.50 1.50 0.11 0.13 3.00 4.50 1.00 2.00 1.50 2.00 3.11 2.63 

NP 1.50 1.00 2.00 2.50 0.13 0.12 2.50 2.25 1.00 1.00 1.25 1.00 3.88 3.87 
NPK 1.58 1.50 2.00 1.50 0.11 0.11 2.50 3.00 1.00 1.00 1.25 1.50 3.86 3.61 
FYM 1.00 1.50 1.50 1.00 0.14 0.13 4.25 4.00 2.00 1.00 2.00 2.50 2.89 5.89 

    1.22 1.10 1.90 1.70 0.12 0.15 2.95 3.55 1.10 1.30 1.50 1.80 3.37 3.95 
Unfert. 

2015 

0.79 0.97 1.21 1.33 0.11 0.11 2.07 2.11 0.50 1.10 0.55 2.10 3.31 1.32 
N 0.50 0.50 1.59 1.35 0.39 0.10 2.27 3.12 0.50 1.00 1.00 1.00 3.25 3.07 

NP 1.00 0.50 1.99 1.50 0.10 0.10 2.50 2.14 0.50 0.50 0.50 0.50 3.59 3.24 
NPK 1.00 1.50 1.50 1.50 0.11 0.11 2.00 2.25 0.55 0.50 1.00 1.50 3.06 3.36 
FYM 1.00 1.50 1.30 2.00 0.13 0.12 3.55 3.55 1.50 0.50 1.50 2.05 2.98 4.62 

    0.86 0.99 1.52 1.54 0.17 0.11 2.48 2.63 0.71 0.72 0.91 1.43 3.24 3.12 

LSD at 5 % 
A= 0.07*** 0.039*** 0.007*** 0.056*** 0.1*** 0.035*** 0.01*** 
B= 0.04*** 0.025*** 0.004*** 0.035*** 0.066*** 0.022*** 0.006*** 
C= 0.05*** 0.03*** 0.005*** 0.043*** 0.081*** 0.027*** 0.008*** 
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Conclusions 
 

Soil management requires a long-term and future view to put a successful strategy for 
management. While, that can be achieved not only, studies for a soil properties affected by application 
that can be improve the soil production, but also should need a view of that application effect in long-
term and the future. In this study, it was interesting that tested soil properties in long-term or in a 
future view were in a high correlation with all agriculture practices that determined along the 
observed period and predicted till 2025. In this investigation, it was observed that there was a decline 
trend on the available (N, P, and K) over the time and expected to be till (2025) even with added the 
studied fertilizers. Our results further show that even with use of fertilizers, use of a mineral fertilizers 
alone (N, NP and NPK fertilizers) in the intensive cropping system creates infertility and unfavorable 
conditions, these result may be due to continuous depletion of these nutrients by crops without 
adequate replenishment. The decrement of these nutrients acts an immediate threat to yields and soil 
health and must be fixed by adding the adequate amount of fertilizers. Nevertheless, permanent 
complete fertilizers (NPK) improved the tested soil chemical properties, but this improving is less 
than (FYM). While FYM application can enhance the studied soil chemical properties (EC, OM%, 
soluble ions and the availability of N, P and K) in the observed data and the predicted one in a future 
vision till 2025. Also, this studying indicated that the practices of crop rotation could potentially 
improve soil fertility, three-year rotation enhance (OM %), tested chemical properties than one- year 
rotation. It can be concluded that, continuous mono cropping with one or two chemical fertilizer 
sources is one of the main causes of the gradual soil fertility depletion. However, crop rotations with 
the integrated use of fertilizer sources could help to avert such problems and lead to soil fertility 
improvement which can translate in a production and productivity of rotationally grown crops and 
hence address the food security problem. A very important notice is that the highest values of the 
available nutrients determined during this investigation were occurred with the continuous application 
of (FYM) along the three year crop rotation and predicted to be with that trend till 2025. These results 
were especial attempt to set the pertinent facts and ideas about some soil properties and behavior to 
cover some of important factors affecting agriculture management, and the obtained data elucidated 
that we need many other studies on other factors in other conditions with a long-term and future 
vision. 
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