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ABSTRACT 

Knowledge of upper and lower limits of soil water content (ULSWC, LLSWC) is indispensable to 

calculate the water depth that should be applied by irrigation , and to determine water availability, which 

is a crucial factor in assessing the suitability of a land area to produce a given crop. However, direct 

measuring of these limits is time consuming and expensive. Several attempts have been made to establish 

a relation between readily available soil properties, like particle-size distribution, organic matter, and bulk 

density and ULSWC, LLSWC. These relationships are referred to as pedotransfer functions (PTFs). 

Therefore, the objective of this study was to evaluate some PTFs with respect to their accuracy in 

predicting the two limits of soil water content for some Jordanian agricultural soils. Fourteen widely used 

PTFs were selected for evaluation. Eight of the selected PTFs predict soil water content at certain matric 

potential, whereas the others predict water retention function parameters. In order to quantify the 

prediction accuracy, the mean error (ME), the root mean square error (RMSE), unbiased root mean square 

error (URMSE), and the Pearson correlation (r) were used. The PTFs showed good to poor prediction 

accuracy with RMSE ranging from 0.00149 to 0.03789 m
3
 m

-3
, ME values ranging from -0.01560 to -

0.26785 m
3
 m

-3
 and with URMSE ranging from 0.00017 to 0.00331 m

3
m

-3
. The validation indices showed 

that British soil survey (topsoil and subsoil), and Rawls-Brakensiek were found as the best method to 

calculate the limits of soil water content for the evaluated Jordanian soil data set. Rosetta exhibited an 

intermediate value in estimation of soil moisture limits of the evaluated soil set. The implementation of 

soil bulk density as an extra input value did not improve the accuracy of the estimated soil water content 

limits. This may be due to the fact that more input data are required in our soil set. 

 

Key words: accuracy, artificial neural network, pedotransfer functions, regression, upper and lower 

limits of soil water content.  

 
1. INTRODUCTION 

Soil water contents at lower and upper limits 

(LLSWC, ULSWC) are used to calculate the 

water depth that should be applied by irrigation 

(Hansen et al., 1980), and to determine water 

availability, which is a crucial factor in assessing 

the suitability of a land area for the production of 

a given crop ( Sys et al., 1991). If the area under 

investigation is relatively small or known to be 

quite homogeneous with respect to soil physical 

properties and topography, determinations of 

LLSWC and ULSWC at a reasonable number of 

sampling sites should provide accurate estimates. 

However, if the area being evaluated is large 

enough to exhibit substantial spatial variability of 

soil water variability, it is virtually impossible to 

perform enough measurements to provide good 

estimates within the temporal and financial 

constraints of the project. Since measurement of 

soil water contents limits are cumbersome and 

time consuming, the number of measured 

hydraulic property data is usually limited, and is 

usually less than required to fully characterize soil 

heterogeneity. Hence, a simple technique is being 

needed to estimate soil water limits as tools for 

describing the spatial variability of such properties 

(Schaap et al., 2001). Many indirect methods for 

estimating of soil water contents have been 

developed. These methods are called pedotransfer 

functions (PTFs) (Bouma and van Lanen, 1987). 

Bouma (1989) introduced the term PTFs, which 

he described as translating data that we have (soil 

survey data) into data that we need (soil hydraulic 

data). These are generally empirical relationships 

that allow the hydraulic properties of a given soil 

to be predicted from more widely available data, 

usually soil texture, bulk density and organic 

matter or carbon content. However, since every 

PTF is developed on the basis of a data base of a 
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Fig. (1): Soil texture classes μ the evaluating soil samples. 

limited number of soil samples, it is not always 

clear to what extend these functions can be used in 

the case of soil conditions other than those under 

which they were developed (Donatelli et al., 1996 

and Wösten et al., 1999). Moreover, the available 

PTFs can produce substantially different 

estimates. Thus, scientists have a difficult task in 

selecting a more appropriate PTF for their 

application (Acutis and Donatelli, 2003). 

PTFs are classified as point estimation methods 

and parametric estimation methods (Tietje and 

Tapkenhinrichs, 1993). Point estimation methods 

follow a direct approach by estimating water 

content at predetermined pressure heads. Many 

examples of this type of PTF exist, i.e., Gupta and 

Larson (1979), Rawls et al. (1982), Minasny et al. 

(1999), and Tomasella et al. (2003). Parametric 

methods estimate the parameters of water 

retention functions, such as the Brooks and Corey 

(1964), Campbell (1974), and van Genuchten 

(1980) equations. A recent approach for fitting 

PTFs is the use of artificial neural networks 

(Pachepsky et al., 1996 and Schaap et al., 1998). 

An advantage of using the artificial neural 

networks (ANN) approach is that no relationships 

need to be assumed before hand. Instead the net-

work is trained to find the relationship. Schaap 

and Leij (2000) developed Rosetta computer 

program that implemented some of the models 

published by Schaap and Bouten (1996), and 

Schaap et al. (1998). Other programs developed to 

estimate soil hydraulic properties include: EUR-

M3 (Nemes et al., 2003), SOILPAR2 (Acutis and 

Donatelli, 2003), SWLIMITS (Ricthie et al., 

1999). ROSETTA and EUR-M3 use an ANN for 

prediction and the bootstrap to perform 

uncertainty analysis. SOILPAR2 is a program for 

estimating soil hydraulic properties using 

empirical equations. 

 The aims of the current study were to evaluate 

the general applicability and the prediction 

accuracy of some of the most commonly cited and 

some recently developed PTFs that use soil 

properties such as particle-size distribution (sand, 

silt, and clay), organic matter content or organic C 

content, and dry bulk density to predict LLSWC 

and ULSWC for some Jordanian agricultural soils. 

 

2. MATERIALS AND METHODS 

2.1. Soil samples collection and analysis 

The evaluation of the PTFs in this study was 

based on data set of Twenty four undisturbed soil 

samples 0.05 in diameter and 0.051 m in height 

(100 cm
3
), collected from different soils covering 

a wide range of texture classes throughout Jordan 

(Fig. 1). The samples LLSWC and ULSWC were 

measured with pressure chambers (Soil moisture 

equipment, Santa Barbara, CA) at -33 and -1500 

KPa, respectively. Once ULSWC and LLSWC 

were measured, bulk density (BD), organic matter 

(OM) and particle-size distribution (PSD) in three 

fractions were determined. PSD was determined 

with hydrometer method (Gee and Bauder, 1986). 

OM was determined by Walkley and Black 

method (Walkley and Black, 1934), while BD was 

measured from weighing the undisturbed soil 

samples after LLSWC and ULSWC were 

measured by drying the soil samples for more than 

24 h at 105 
o
C. 

2.2. Pedotransfer functions 

The PTFs are subdivided into two groups. The 

first includes point PT, which estimates water 

contents at specific pressure values and/or 

ULSWC and LLSWC and saturated hydraulic 

conductivity. The second includes function PT, 

which estimates the parameters according to 

widely used soil retention functions: Campbell 

model (CP), Huston-Cass model (HC), Brooks 

and Corey model (BC), and van Genuchten model 

(vG).  

2.2.1. Point pedotransfer functions  

The point PTFs, which were used in the study, 

are: (i) Brakensiek-Rawls, (ii) Hutson, (iii) 

British soil survey (topsoil and subsoil), (iv) 

Baumer, (v) Rawls, and (vi) Manrique. The PTFs 

input and outputs are reported in Table 1. 

2.2.2. Function pedotransfer functions 

Function PTFs, which were used in the study, 

include: 

(i) Campbell (Campbell, 1985) 

The methods estimate the coefficient of the 

Campbell retention function on the basis of the 

geometric mean and standard deviation of the 

particle size and bulk density, using the following 
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Table (1): Overview of the most important characteristics of the evaluated PTFs in this study. 

Model Required input 

data 

Parameters estimated Reference 

Brakensiek-Rawls PSD, OC, BD SWC Hutson and Wagenet, 1992 

Hutson PSD, OC, BD SWC Hutson and Wagenet, 1992 

British soil survey  

(topsoil and subsoil) 

PSD, OC, BD SWC Hutson and Wagenet, 1992 

Baumer PSD, OC BD, ULSWC, LLSWC ASW/EPIC 

Rawls PSD BD, ULSWC, LLSWC ASW/EPIC 

Manrique PSD, BD ULSWC, LLSWC ASW/EPIC 

Campbell PSD, BD CA parameters Campbell, 1985 

Mayr- Javris PSD, OC, BD HC parameters Mayr and Jarvis, 1999 

Rawls-Brakensiek PSD, Porosity BC parameters Rawls and Brakensiek, 1989 

Vereecken PSD, OC, BD vG parameters Vereecken et al., 1989 

HYPRES PSD, OM, BD vG parameters Wösten et al., 1999 

Rosetta (H2) PSD vG parameters Schaap et al., 2001 

Rosetta (H3) PSD, BD vG parameters Schaap et al., 2001 

PSD: particle size distribution; OC: organic carbon (%); OM: organic matter (%); BD: bulk density (t m-3); ULSWC: soil water content 

at upper limit (m3 m-3); LLSWC: soil water content at lower limit (m3 m-3); SWC: soil water content at several pressures; Porosity: the 

authors propose to obtain porosity from (1-BD/2.65); CA: Campbell retention function; HC: Hutson-Cass retention function; BC: 

Brooks-Corey retention function; vG: van Genuchten retention function. 

equation: 

b

s
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em
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  is the pressure corresponding to
act

 , 

e
  the pressure at air entry point; b the empirical 

coefficient; 
s

 is the water content at saturation; 

and 
act

  is the actual soil water content. The 

parameters are estimated according to the 

following equations: 
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where d50 is the median diameter and 
g

  the 

geometric standard deviation of particles diameter. 

The soil water content limits (ULSWC, LLSWC) 

are obtained by the Campbell equation evaluation. 

(ii) Mayr- Javris (Mayr and Javris, 1999). This 

method estimates the parameters of the Hutson-

Cass retention equation. The Hutson-Cass (Hutson 

and Cass, 1987) retention equation is: 
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All the symbols have the same meaning of those 

used in Campbell’s retention function. The 

ULSWC and LLSWC are obtained by the Hutson-

Cass function evaluation. 

(iii) Rawls-Brakensiek (Rawls and Brakensiek, 

1989). 

This method estimates the parameters of the 

Brooks-Corey retention function using sand, clay, 

and bulk density. The Brooks-Corey retention 

equation (1964) is the following: 






)/(
)(

hh
h

b
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where hb is the air entry value; λ is the pore size 

index; 
r

  is the residual water content and their 

parameters are estimated using empirical 

equations. 
(iv) van Genuchten (van Genuchten, 1980)  

The PTFs Vereecken (Vereecken et al., 1989); 

HYPRES (Wösten et al., 1999); Rosetta (Schaap  

et al., 2001)) evaluated the parameters of the vG 

retention equation: 
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Rosetta is able to estimate the vG water 

retention parameters and saturated hydraulic 

conductivity, as well as unsaturated hydraulic 

conductivity parameters, based on Mualem’s 
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(1976) pore-size model. Rosetta implements five 

hierarchical PTFs for the estimation of water 

retention, and the saturated and unsaturated 

hydraulic conductivity using limited to more 

extended input data. Rosetta is based on neural 

network analyses combined with bootstrap 

method. Thus allowing the program to provide 

uncertainty estimates of the predicted hydraulic 

parameters. The PTFs input and outputs are 

reported in Table (1). 

2.3. Evaluation criteria 

Four criteria were used to quantify errors in the 

PTF estimates of the soil water contents: the root 

mean square error (RMSE), mean error (ME), 

unbiased root mean square error (URMSE), and 

the correlation coefficient (r). The most commonly 

used criteria in PTF-related work is probably 

RMSE, which defined as:  






n

i

measesti

n
RMSE

1

2

..
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1
  

where n is the number of observations for which 

the RMSE is computed, and 
..

,
estimeas

 are 

measured and estimated soil water contents, 

respectively. The RMSE may be viewed as giving 

the accuracy of the model in terms of standard 

deviations. When systematic errors exist, the 

RMSE are biased and do not reflect the true zero-

mean variance. Systematic errors are often an 

artifact of the calibration database (Schaap and 

Leij, 1998) and could render a comparison of 

PTFs based on RMSE values difficult. Therefore, 

we decompose the RMSE into ME and URMSE 

(Hastie et al., 2001). ME may be used to quantify 

systematic errors between measurements and PTF 

estimations as: 
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ME values are negative when the PTF 

underestimates water content. URMSE values 

were used by Tietje and Hennings (1996) and have 

the mean errors removed as: 
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The value of the model correlation depends on 

one basic index, which is the correlation 

coefficient r (Addiscott and Whitmore, 1987). The 

coefficient r is derived from the Pearson’s linear 

correlation coefficient. 

 

3. RESULTS AND DISCUSSION 

The values calculated for the different 

validation indices of estimating ULSWC and 

LLSWC using PTFs are given in Tables (2 and 3), 

respectively. The PTFs performance for estimating 

ULSWC and LLSWC as estimated vs. measured 

values are shown in Figs. (2 and 3). Ideally the 

intercept should be close to zero, however, the 

intercept for ULSWC and LLSWC ranged from -

0.1882 to 0.3933 and -0.0849 to 0.1584, 

respectively. The closest PTFs model to zero 

intercept was Buamer and Rosetta (H2) for 

ULSWC and LLSWC estimation, respectively. 

Similarly, the slope should be close to 1, however, 

the slope for ULSWC and LLSWC ranged from -

0.1092 to 1.9222 and 0.4045 to 6.1932, 

respectively. The closest PTFs to 1 slope were 

Buamer and HYPRES for ULSWC and LLSWC 

estimation, respectively. However, such statistical 

testing of intercept and slope is much more 

rigorous and sometimes misleading (Givi et al., 

2004), and so another evaluation criteria were 

used to evaluate PTFs performance. 

   A correlation coefficient (r) was used to reflect 

how good the estimated data match with the 

measured ones. RMSE, ME, and UMRSE also 

represent the deviation of the estimated values 

from the observed ones, and it does in a more 

comprehensive manner (Kobayashi and Salam, 

2000). The inference drawn on the basis of just 

correlation coefficient can be erroneous. The r 

values reveal a somewhat different pattern in 

terms of the models validity. The correspondence 

between measured and estimated values is still 

high for the British soil survey (topsoil and 

subsoil).  However,  poor  correspondence  is  

observed for the PTF of Vereecken. In the case of 

LLSWC, the correlation values are satisfactory for 

most PTFs (Table 3). Although, the correlation of 

Mayr-Javris is high, its RMSE, ME, and UMRSE 

are the highest values among the evaluated PTFs. 

Like the results of ULSWC, although URMSE is 

relatively low for Vereecken, the correlation 

between the measured and estimated values is the 

poorest. Therefore, correlation coefficient and 

ME, RMSE, and UMRSE values should be used 

in evaluating PTFs. 

When considering ME, it can be observed that 

only Vereecken PTF tend to overestimate the 

estimated ULSWC and LLSWC (Tables 2 and 3). 

This is in agreement with the findings of Kern 

(1995). He reported a slightly to overestimate 

LLSWC in case of Vereecken PTF. The other 

PTFs show a tendency to underestimate the 

estimated  values.  As regards  the ME, British soil  

survey (topsoil) and Mayr-Javris show the 

minimum and the maximum ME for estimation 
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Table (2): Evaluation of the PTFs for estimating upper limits of soil water content (ULSWC). 

PTFs RMSE ME UMRSE r Intercept Slope 

Brakensiek-Rawls 0.00266 -0.05144 0.00133 0.59 0.0594* 0.9747* 

Hutson 0.00291 -0.05560 0.00136 0.61 -0.0710* 1.4088* 

British soil survey (topsoil ) 0.00149 -0.01560 0.00137 0.6 -0.0980 1.3251 

British soil survey (subsoil ) 0.00433 -0.07644 0.00140 0.57 0.0414* 1.1214* 

Baumer 0.00164 -0.02852 0.00123 0.64 0.0246* 1.0116* 

Rawls 0.00434 -0.07727 0.00135 0.67 -0.1882 1.9222* 

Manrique 0.00856 -0.10810 0.00272 -0.06 0.3933* -0.1092* 

Campbell 0.00287 -0.04102 0.00203 0.28 0.1936* 0.5293* 

Mayr-Javris 0.02095 -0.19560 0.00181 0.38 0.0816* 1.6721* 

Rawls-Brakensiek 0.00384 -0.07227 0.00122 0.64 0.0614* 1.0370* 

Vereecken 0.00425 0.04731 0.00313 0.02 0.3823* -0.0414* 

HYPRES 0.00239 -0.01628 0.00226 0.16 0.2580 0.3072 

Rosetta (H2) 0.00677 -0.10437 0.00132 0.67 -0.1003* 1.7848* 

Rosetta (H3) 0.00618 -0.09453 0.00171 0.41 0.0815* 1.0480* 

RMSE: root mean square error (m3m-3), ME: mean error (m3m-3), UMRSE: unbiased root mean square error (m3m-3), r: 

Pearson correlation. 

* Significant at 0.05 probability level. 

Table (3): Evaluation of the PTFs for estimating lower limits of soil water content (LLSWC). 

PTFs RMSE ME UMRSE r intercept Slope 

Brakensiek-Rawls 0.00743 -0.11076 0.00130 0.72 0.0210* 1.4491* 

Hutson 0.00609 -0.09576 0.00151 0.68 -0.0638* 1.7421* 

British soil survey (topsoil ) 0.00635 -0.09993 0.00136 0.75 -0.0849* 1.8766* 

British soil survey (subsoil ) 0.00293 -0.05868 0.00121 0.73 -0.0245* 1.3302* 

Baumer 0.00468 -0.08285 0.00125 0.7 0.0558* 1.1186* 

Rawls 0.00948 -0.12826 0.00125 0.73 0.0544* 1.4046* 

Manrique 0.01411 -0.15951 0.00139 0.73 0.0355* 1.8198* 

Campbell 0.00599 -0.09535 0.00145 0.66 0.0093* 1.3994* 

Mayr- Javris 0.03789 -0.26785 0.00017 0.75 0.0450* 6.1932* 

Rawls-Brakensiek 0.00808 -0.11785 0.00114 0.78 0.0064* 1.5777* 

Vereecken 0.00523 0.06590 0.00305 0.47 0.1584* 0.4045* 

HYPRES 0.00969 -0.12791 0.00151 0.61 0.1246* 1.0180* 

Rosetta (H2) 0.01660 -0.17333 0.00158 0.71 0.0046* 2.2276* 

Rosetta (H3) 0.01747 -0.17758 0.00170 0.64 0.0393* 2.0383* 

RMSE: root mean square error (m3m-3), ME: mean error (m3m-3), UMRSE: unbiased root mean square error (m3m-3), r: Pearson 

correlation. 

* Significant at 0.05 probability level. 

ULSWC, while British soil survey (subsoil) and 

Mayr-Javris exhibit the minimum and maximum 

ME for estimation LLSWC, respectively.  

As regards RMSE, again British soil survey 

(subsoil and topsoil) showed the lowest values, 

meaning that the estimated ULSWC and LLSWC 

values follow the measured relatively well. By far 

the highest values resulted from the Mayr-Javris 

PTF. The other PTFs have intermediate values. As 

concerns UMRSE, a different trend can be 

perceived: the PTF of Rawls-Brakensiek shows 

the lowest value for estimated ULSWC and 

LLSWC. The highest relatively value exhibited by 

Mayr-Javris PTF. 

In the evaluation criteria based analysis, the 

best PTFs for estimating of ULSWC and LLSWC 

are: British soil survey (topsoil), British soil 

survey (subsoil), and Rawls-Brakensiek. This 

corroborates the results obtained by Donatelli et 

al. (1996). Many researchers emphasize that PTFs 

should be applied to soils whose characteristics 

are similar to those of the soils from which the 

PTFs were derived (Cornelis et al., 2001; Mayr 

and Javris, 1999 and Nemes et al., 2002). In the 

development of British soil survey (topsoil and 

subsoil) and Rawls-Brakensiek PTFs, mainly soils 

similar to our data set were used in development 

of these PTFs. 
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Fig. (2): Pedotransfer functions estimates of upper limits of soil water 

content (ULSWC) vs. measured values. 
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Fig. (3): Pedotransfer functions estimates of lower limits of soil 

water content (LLSWC) vs. measured values. 
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Conclusions 

The evaluation and comparison of fourteen 

pedotransfer functions that were considered in this 

study enabled us to draw the following 

conclusions: the PTFs of British soil survey 

(topsoil and subsoil), and Rawls-Brakesiek were 

most accurate for our evaluation data set to 

estimate upper and lower limits of soil contents of 

Jordanian evaluated soils. It had the highest 

ranking for the four validation indices that were 

computed in this study. The low performance of 

Rosetta and HYPRES PTFs might be due to the 

fact that the soils used in its development were 

different from our soils. The implement of soil 

bulk density in Rosetta as an extra input value did 

not improve the accuracy prediction of our 

evaluated soil set. The results also, indicate that 

the upper and lower limits of soil water content 

can be estimated for soils where the laboratory 

measurements are not available. However, a local 

evaluation is being needed before using any 

available PTFs. Because the data set used in our 

evaluation does not cover homogeneously the 

whole of Jordan (and probably does not include all 

the soil types), further studies will be necessary to 

assess the validity of the estimation. 
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 للتنبؤ بالحد الأعلى والأدنى لمحتوى التربة الرطوبي  Pedotransfer Functions (PTFs) "" تقييم بعض 

 
 أسامه عيسى مهاوش  

 

 الأردن –الكرك  –جامعة مؤتة  –كلية الزراعة  –قسم الإنتاج النباتي 

 

 ملخص

الذي للنبات و ميسرال الماء كميةالري المطلوبة و مياه  يةلحساب كم هامأنَ معرفة الحد الأعلى والأدنى لمحتوى التربة الرطوبي  

أجُريت عدة محاولات  .يعتبر عاملاً مهماً لتحديد صلاحية الأرض لزراعة محصول معين وحل بعض المشاكل الزراعية المتعلقة بالري

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6X1W-48J42KJ-2&_user=824541&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000044601&_version=1&_urlVersion=0&_userid=824541&md5=43c4e0c71130b30a13b66686b7cb3d38#bbib13#bbib13


O. E. Mohawesh……………………………………………………………………………………………………… 

 258 

التوزيع )  بسهولة مثل نسجه التربةوالتي يمكن توفيرها  عن بعض خصائص التربة الطبيعية لإيجاد علاقة بين المعلومات المتوفرة

  مــق عليها اســيطل الخصائص هذه. ادة العضويةــمن الم ةـــوى التربــرية ومحتـــ، الكثافة الظاه(ي للحببباتـــالحجم

."Pedotransfer Functions( PTFs )"  
 ةلبعض الترب محتوى التربة الرطوبيالحد الأعلى والأدنى ل لحساب  الخصائص الطبيعية اجري هذا البحث بهدف تقييم هذه

قادرة على حساب  PTFsثماني من . والتي تعتبر الأوسع انتشاراً واستخداماً  PTFsاستخدم في هذه الدراسة أربع عشره . الأردنية

مة لربط لبعض المعادلات المستخد (Parameters)وست تستخدم لحساب المتغيرات طوبي رمن الشد ال رطوبة التربة عند نقاط محددة 

 :هي  رياضية لحساب محتوى التربة الرطوبي استخدمت أربع معايير PTFsلتقييم . المحتوى الرطوبي والشد الرطوبي

، معامل الإرتباط   ,URMSE (Unbiased root mean square error) التربيعي لمتوسط الخطأ غير المتحيز الجذر

r (Correlation coefficient),، متوسذط الخطذأ التربيعذي ل الجذذرو RMSE (Root mean square error)  ، متوسذط

 . ME (Mean error)  الخطأ

تراوحذت قذيم المعذايير . عند مقارنتها بالنتائج المقاسة في المختبذر توافذق ضذعيل  لذى جيذد PFTsأظهرت  النتائج المحسوبة بواسطة 

(r, URMSE, RMSE, ME ) التذذذي اسذذذتخدمت لتقيذذذيمPTFs  7879067- -78760.0،  7877901-78730.0 بذذذين- 

 .على التوالي  7877-.780و  7877790 7877339-9،

لحساب الحذد الأعلذى والحذد الأدنذى للمحتذوى الرطذوبي للتذرب التذي  PTFsبناءً على المعايير المستخدمة، أظهرت النتائج أن أفضل 

 .British soil survey (topsoil and subsoil) and Rawls-Brakensiek PTFs :أجري عليها الاختيار هي

انذذه لذم تتحسذذن النتذائج باضذذافة الكثافذة الظاهريذذة كعامذل  ضذذافي لحسذذاب  Rosetta PTFاسذذتخدام  أظهذذرت النتذائج فذذي حالذة كمذا 

 .المستخدمة في عملية التقييم ةالمحتوى الرطوبي للترب

 ..70-701:(.777يوليو  )  العدد الثـالث( 01)المجلد –جامعة القاهرة  –المجلة العلمية لكلية الزراعة 
 
 

 

 

 

 

 

 

 


