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INTRODUCTION 
The permanent wilting point (PWP) characteristics 

i.e., the soil moisture, when the plants experience the 
essential de  ciency in the water that causes irrevers-
ible (steady) wilting of them, are of great signi  cance 
for calculating of both the range of actual moisture 
and irrigation rate for watering, or for moisture provi-
sion determining various soils. PWP is one of the key 
hydrological parameters of soil affecting its physical 
and agricultural quality, as the minimal content rate 
of the moisture av ailable for plants. Therefore, multi-
functional soil databases must necessarily contain the 
data of the kind. The pedotransfer functions (PTF) is 
the proper technique for closing the gaps in the exist-
ing databases as it has already been approved by many 
researchers. It means forecasting by calculating the in-
dices almost unavailable for measurement or analysis 
by means of other benchmarks, which variables are 
easily measured or available. The replacement of this 
very kind is called pedotransfer, while the mathematic 
formula for calculation – correspondingly, PTF [1, 2]. 
As the PTF ground breaker J. Bouma [3] said, “PTF 
converts the currently available data into the ones we 
need”.

The soil PWP is that v ery  hydrologi cal character istic, 
which c on nectio n to the parti cle size distribution of soil 
w as  one o f th e   rst  rev ealed  regular c onnectio ns pro-
moted the devel opme nt of entire  tr end in the sc ien ce 
a nd, in p art ic ular, pedotra ns fer simulatio n.

The  rst   att empt t o use a  method  of  plants ’ P WP pre-
dicting through t he parti cle  size distribution, follow-
ing McBratny  et al. [1], has  b e e n made in the ex plo-
rations of Briggs and McLane (1907), a n d la t er  – i n 
researches of Briggs  and Shantz (1912). T h ey h a ve   
de   ned the wilti ng point coef  cient as the fu nct ion  of 
the pe rcentag e in the so il  of t hree  gro ups of   the pa rticle 
size distribution’s fractions – sand (0.05 2 .0 mm ) , silt 
(0 .00 5 0.05 m m ) and clay  (<  0. 005 mm).

 I n  one o f t h e   con temp ora ry e xplorations of Stirk [4] 
perf      ormed  i n  Australia PWP  for the soils  with  the  por-
ti on of  clay up to  60  per cent  is  proposed to  be cal-
culat ed using the following  equation: PWP  = 0.4 cl ay 
(cl ay  in  the A u stralian cla ssi  cation  corresponds to the 
particl es of < 0.002 mm). I t  means , t h e   author for ecas ts 
the  most impor tant  hydrological c haracteristic  of the 
Austral ian  soils using on ly th e data  about  content of 
onl y one fr act ion.
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The permanent wilting point (PWP) belongs to the basic soil hydrological constants and plays the important 
role in an estimation of the natural or irrigating moisture availability to agricultural plants. Direct measurement 
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out, the multivariate linear regression equations have been applied. Data from the Ukrainian Soil Database 
are used for calibration of models sample included 239 data sets of permanent wilting point and particle 
size distribution (PSD) values obtained by direct measurement in the top genetic horizon of both typical and 
ordinary chernozems. Independently, 59 data sets have been used for veri  cation of models. Results. The best 
model among several considered has been recognized that one, where the contents’ parameters of three grain 
size fractions (according to N. A. Kachinskyi’s classi  cation) – 0.01 0.005, 0.005 0.001 and < 0.001 mm 
(%) – have been identi  ed as the essential independent variables. Thus, accuracy of the forecast (R2 = 0.64) 
is quite admissible. Conclusions. Forecasting of permanent wilting point by construction of the pedotransfer 
function including three fractions of particles is tangibly possible, considering availability of PSD data in 
a soil database.
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A pe rmanent  de   ciency in  reliable co mpa rable and  
compatible  mea sured data  for the c omple x de term inant 
models concerning the quality of  soi l makes  the  pedo-
 transf er approach the m ost reali stic  meth od of obta ining 
t he solid info rmation fr om the soil  datab ases  up t o these 
da ys. At that, the contempora ry  researchers ha ve to se-
lect and  to compare  var ious methods among  the set  of 
mat hema tic  too ls for the  pedotr ansf er s imulation. Th e 
multivar ia  te linear regression equation together with ar-
ti  cial neural networks are most frequently use d in the 
ex ploratio ns d edicated to the forecasting of soil hydro-
l ogi cal c haracteristic s, as follows f rom t he plent y of pub-
lished surv eys and re sults of  exp eriments  [1 , 5 8].

Both   t he  val i dation of regression a ppr oach in our  pre-
vious  st udie s and rec ently pu blished favorable reports 
concerning its forecast ef  ci ency as for the soil hydro-
l ogical characteristics  prompted us to  take the  mul ti-
variate linear regression equation as the variant  of  PTF.

The aim of  the current exploration was to build PTF 
for calculating of the permanent wilting point param-
eters in the typical and ordinary chernozems. The prac-
tical effect of the present research is the contribution to 
closing gaps in the Ukrainian Soil Database used for 
evaluating the quality of soils [10].

MATERIALS AND METHODS

The pedotransfer models based on the multivariate lin-
ear regression equation  rst of all include the soil proper-
ties that correlate in pairs, what is proven by calculations 
for the speci  c ranges (limits) of their parameters. In 
other words, in order to determine the PTF input indi-
ces – independent variables, or predictors, it is necessary 
to obtain the information about the in  uence of each of 
them individually on the predicted index – the dependent 
variable, or predictant. For that very purpose the pair 
binding is revealed in the initial stage. Many research-
ers use exactly this method for the preliminary selection 
of the forecasted model’s components [7]. At that, the 
fact that the coef  cients of pair correlation between the 
predictor and predictant cannot be lower than the differ-
ence between various predictors included in one and the 
same model is taken as an axiom. Speci  cally, this sign 
was considered as a priority argument for pair binding’s 
estimation and independent variables’ selection.

Further, in keeping wi th the highest correla tion co-
e f  cients, the predictor s  were selected and data sets 
w ere prepared. The method of  t  he d ata set  preparation 
is based on the  need for  di stin ct id enti  cation  of soil 
standar d i denti  cation units – type, s ubtype ,  kind ,  lith-
olo gi c se ri es (parent  materia l  and its texture), form and 
vari et y (so il t exture).   The  quality c on  trol  of a data set 
i s a thorough critic al analys is of the data by  an expert 
toget her with the determinati on o f variability. 

PT F has been  bu  ilt  on the basis of  the multivar iate 
linear regression equation using the STATI STICA, 
v.  6 software  for the models’  con struction and ana-
lysis. T he d ata sets were prepared applying the MS 
Excel so ftware, wher eto the data from t he U krain i-

an S oil Database (DBMS as a Visu a lFoxPro   le) 
converte d [9].

Models’ tes t i ng or, veri  cation has been made on an 
independent data set never involved in the master data 
set for the model calibration by means of comparing 
the calculated parameters to the ones experimentally 
measured through the correlation coef  cients. The 
root-mean square error and coef  cient of determina-
tion served as the basic criteria of the model “adequa-
cy”, what was consistently approved in researches of 
various scholars [6, 7, 10 12].

RESULTS AND DISCUSSIONS
Stage One – Predictors’ Choice. The hydrological 

properties of soil are known to be determined by parti-
cle size distribution together with content of humus and 
exchangeable cations (at least, calcium),  rst of all, i. e. 
by the factors causing porosity, degree of aggregation, 
and correspondingly, interrelation between the solid 
and liquid phases of soil. Thus, for the purpose of miss-
ing data calculation as for PWP – the predictant of the 
future model, it is necessary to select from the database 
the information about the predictors – the content of 
all texture fractions, humus and exchangeable calcium.

Almost each of 2030 pro  le s wit hin  the  Ukrainian  
Soil Database is provided with the information  abou t 
the content of  all s even  texture  fr acti ons in  accordance 
with t he method of determ inat ion by  N.  A. Kachinskyi. 
Ea c h  f r action is  con  sider ed as the se parate inde pen dent  
variable , whose cont ent, in  it s natu ral essen ce, never 
depends on the content of th e r est  of fract ions. The 
physi cal clay  parame ters (total particles les s than  0.01 
mm) w as no t inc lude d i n to the data set traditionally 
used f or the description  of s oils, since the  its  rate  i s de-
pendent on the  con tent of tw o s ilt  fraction s ( 0.01 0.005 
and 0.00 5 0.001 mm) a nd c lay fraction  (<  0 .001  mm). 
Further mo re , two  sa n d   fractions were no t included into 
the research: the large one (> 1 mm), wh ich is prac ti-
 c all y  n ever m et in the soils of Ukrain e,  and  medium -
si ze (1 0 .2 5 mm), which is  v ery rar ely   reported in  the 
 chernoz ems (typical  and  ordinary)  s elected  as t he study 
objects.

W hil e ta king i nto account all above mentioned prerequi-
sites for  nalizing of the pedotransfer simulation’s meth-
odological features, the  rst soils’ data set was created out 
of the typical chernozems, whereto typical and ordinary 
on loess subtypes, except for medium- and high-eroded, 
were included. This set involved the data on all above 
enumerated predictors within the top-  rst genetic horizon. 
The objects involved into the data set almost completely 
encompass the entire territory of the chernozems’ expan-
sion. However, there are more information concerning the 
chernozems of the left-bank wooded-steppe and steppe 
provinces of Ukraine (Table 1).

The  statistical  parameters  of the general data set  cre-
ated  for  the  substantiation  of the  predictors ’ choice  are 
represented  in Table  2 . The greatest port ion of infor-
mation relates  to  the  soils particle size distribution  – 
 611 patterns ,  while the  least part  t o t he c ontent o f 
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exchangeable-absorbed c alcium – 130 , a t that PWP 
is  known for  298  patterns. E ve  n from this very table 
it follows tha t PWP  forecasting based upon the suf-
 ciently available data on content of  the par ticle size 

distribution fractions is quite reasonable.
For  the   nal choice  of  the predictors  the correlation 

ratio of dependent PTF components to the independent 
ones was  determined  with the aid of  the  pair  correlation . 
  It is known  that  the  use  of  pair  correlation coef  cients 
 for  determining  the correlation ratio  can  be considered 
 as  reasonable,  if sampling multitude  corresponds  to the 
 completely randomized  ( not determined )  model,  i. e ., 
 when  both  variables  are  random values  [ 13 ] .   In other 
words ,  the  pair  correlation coef  cients  between  the 
 predictors  cannot  be  higher  than the ones  between  the 
 predictors  and  predictant .

Table 3 depicts the simple pair correlation coef  -
cients between all criteria probably in  uencing on the 
PWP parameters forming.

The  rst  line of Table  3 contains  the  pair  correlation 
coef  cients  between PWP  and  each  of  the  possible  pre-
dictors ,  while  the  rest ones  –  the coef  cients re  ecting 
 the correlation ratio  of  one predictors to the other .

On the ass  umptio n of the stated  correlation coef  -
cients , PWP is closely  connected to  the  content  of clay 
 ( 0.79 ) ,  and  both the  large  dust  and little  sand fractions  –  
this very connection  is reverse  and  with  the  smaller 
 correlation coef  cients  ( 0.53 a nd 0.49).   Th  e co n-

nection is  considerably we aker wi th th e co ntent of  
ex changeable ca lcium an d hu mus.  In   previous st udies 
so me regularities as for th e cl ose connection between 
hy drological co nstants and th e so ils t exture were re-
ported. Th  us,  th e connection between PWP wi th th e 
co ntent of  ph ysical cl ay an d clay is  acknowledged as 
the most essential [1 4 ].

Further on, the predictors connected to PWP closer 
than to each other should be selected. These are three 
fractions of particle size distribution (0.01–0.005, 
0.005–0.001 and < 0.001), and partially, 2+ and hu-
mus (Table 3 with the mark “*”). So, in theory, all these 
criteria can be used in the PWP simulation with the aid 
of the multivariate linear regression equation. Extreme-
ly low coef  cients of the correlation between PWP and 
the content of humus and exchangeable calcium with 
due regard to an insuf  cient amount of available data 
cause some doubts since before the beginning of the 
models building. However, taking into account the spe-
cial role of these criteria in the forming of the moisture 
capacity of soil, it has been decided not to exclude them 
from the multitude of the predictors at this very stage.

Stage Two – Choice of Functional Relationship’s 
Type. The choice of the  functi onal connec tion type be-
twee n the pr edic tant and pr edic tors is ext rem ely import -
ant. This  is shown as the re  ec tion of the pa ir c onnec-
 tions betwee n PWP and co nten t of the  clay f raction (< 
0. 00 1  mm) i n t he  form of the do t di agra ms (Figur e). It 
 i s   considered reasonable to draw severa l trends  [15] f o r 

Table 1. Geographical Aspects of the Chernozems’ (Typical and Ordinary) Data Set

NAZ* Zone NAZ Province NAZ District Administrative Region Points

Polissia

Wooded-Steppe

Steppe

Arid Steppe

Western
Left-bank
Western
Right-bank

Left-bank

Danube Delta
Right-bank

Left-bank

Danube Delta
Right-bank
Left-bank

Malo-Polissia
Chernihiv-Polissia
Opolskyi
Middle-Dnieper-Buh

Dnieper
Volyn-Podillia
Middle-Dnieper-Seym
Vorskla-Sula
Kharkiv-Oskol
Transnistrian
Southern Buh-Inhul

Donets
Donets-Dnieper

Oskol-Aydar
Danube-Dniester
Dniester-Lower-Dnieper
Dnieper-Azov

Lviv
Chernihiv
Ternopil
Vinnytsia, Kyiv, Kirovohrad, Khmelnytskyi, 
Cherkassy, 
Kirovohrad, Cherkassy
Odessa
Cherkassy, Poltava, Kyiv, Sumy, Chernihiv
Poltava, Sumy, Chernihiv
Kharkiv
Odessa
Dnipropetrovsk, Kirovohrad, Mykolayiv, 
Odessa
Donetsk, Luhansk
Donetsk, Dnipropetrovsk, Zaporizhzhia, 
Kharkiv
Donetsk, Luhansk, Kharkiv
Odessa
Dnipropetrovsk, Kherson
Zaporizhzhia

3
7
3

18

3
4

21
68

148
8

25

68
117

101
5
3
7

*NAZ – Natural-Agricultural Zoning of Ukraine.
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 th e ch oice as the  ba sis  for the forecast of tha t o ne among 
them,  for  wh ich  the de term ination coef  cient R2 will 
be maxima l. Th e  gure shows  unesse ntial differ ences 
in the  form of the graphs of lin ear  (R2 =  0 .6 23) , log a-
 ri thmic (R2 =  0 ,6 21 ), pol y no mial (R2 =  0 .6 23) , pow e r 
(R2 =  0 .6 27)  and  ex pone ntial (R2 =  0 .6 28)  conn ec tions 
of PWP  to the cl ay c ontent. The  similar pattern was 
observed on the  gr aphi c mappin gs of PWP  co nnections 
to other  particle size fracti ons.

The visual identity o f the graphs and  determ ination  
coe f  cients allows to state that the  li near f orm of th e 
data  appro ximatio n can be completely  rel iab le. And 
thi s is not  a   sin gular ity. Th e comp arison betwee n the 
linear and quadra tic equ atio ns in the  researches  of  the 

Iranian sc holars  [16] performed us i ng  the light texture  
soi ls reported that the saturate d hyd raul ic conduct ivity 
of soils is better evaluat ed with the u sage of the linear 
equation.

Stage T hree – P WP Simulation. Models’ Calibration 
and Expert Evaluation. Having analyzed the in  uence 
of  all  predictors  us ed i n the calculatio ns,  it  was con-
clude d that al l texture  fract ions obvious ly take the  rst 
place in th e powe r of in   uence on s oil  PWP (Tabl e 3 ). 
T he   nal cho i c e of t he model’s co mponent s should be 
performed with due regard to the recommendations o f 
Minasny, McBra tne  y et al .       [1, 6], wh o formu l a te d  two 
basic princip les  relati ve to const ruction or s election 
of   ni shed PTF:  the   rst on e c on  cern s ef  ciency (ef-

Power wilting point (PWP) connection to the clay 
content (< 0.001 mm) in the typical and ordinary 
chernozems (n = 298) (See the above text for fur-
ther detailed explanations)

Table 2. General Data Set Statistics (For Predictors’ Choice Substantiation) 

Criterion n
Parameter

Std
Minimal Maximal Medium

PWP, %
0.25 0,05 mm, %
0.05 0.01 mm, %
0.01 0.005 mm, %
0.005 0.001 mm, %
< 0.001 mm, %
( +2), meq/100 g of soil
Total humus, %

298
611
611
611
611
611
130
305

4.2
0.0
1.0
1.7
1.4
11.6
7.0

1.59

22.3
56.4
69.7
26.3
31.0
60.5
54.7

10.05

12.5
9.8

33.2
9.8
11.3
34.6
33.4
5.12

3.01
8.26
11.22
3.81
3.94
9.85
9.91
1.32

Table 3. Pair Correlation Coef  cients Between Permanent Wilting Point (PWP) and Chernozems’ Properties

Criterion 0.25–0.05 0.05–0.01 0.01–0.005 0.005–0.001 < 0.001 2+ Humus

0.25-0.05
0.05-0.01
0.01-0.005
0.005-0.001
< 0.001

2+

Humus

–0.49

–0.19
–0.32
–0.44
–0.51*
–0.11
–0.25

–0.53
–0.19

–0.41
–0.47

–0.64*
–0.33
–0.18

0.36
–0.32
–0.41

0.27
0.33
0.09
0.24

0.60
–0.44
–0.47
0.27

0.51
–0.07
0.03

0.79
–0.51
–0.64
0.33
0.51

0.28
0.17

0.32
–0.11

–0.33*
0.09

–0.07
0.28

0.66*

0.23
–0.25*
–0.18
0.24*
0.03
0.17

0.66*

*The inter-criteria correlation value exceeds the value of correlation between a criterion and PWP.
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forts dedicate d  to the  meas  uremen t o f th e predictors ’ 
param eters must be considera bly l ess  ones concern ing 
t he predictants), and  second tou c he s up on precision (if 
there are sev e ral  functions , use th at, which  c ause s th e 
 least number of errors and is cre ated on  the  basis of t he 
 soil s most related to y ours).

Thus,  tak ing  th e above into account, for the PWP 
forecasting several multivariate linear regression equa-
tions were formulated in order to have an opportunity 
to estimate both their ef  ciency and precision before 
the  nal choice.

Equation 1: 
y = 5.88–0.05 · x1 – 0.03 · x2 + 0.04 · x3 + 0.17 · x4 + 
+ 0.17 · x5;
F (5, 233) = 105.47;  < 0.0000; N = 239.
Predictant:  – permanent wilting point (PWP) of plants;
Predictors: 1– 5 – particle size distribution fractions’ 
content ( 1 – 0.25–0.05; 2 – 0.05–0.01; 3 – 0.01–
–0.005; 4 – 0.005–0.001; 5 – < 0.001 mm, %).

Expert Evaluation of the Model. The value of the mul-
tiple regression coef  cient (R = 0.83) gives evidences 
on the close joint connection between the predictors 
and predictant in the multivariate linear regression 
equa  tion. The determination coef  cient is the para met-
ric characteristi c of successful variable, i. e. it re  ects 
the portion of the predictant’s variation connected to 
the parameters of predictors. In the 1st model R2 = 0.69 
and it means the variation of the soil water capacity 
within the PWP limits depends on a change in the con-
tent of the particle size distribution fractions for 69 per 
cent that points out the acceptability of model for the 
forecasting (since determination is above 50 per cent).

Further on, signi  cance and adequacy of the model 
were evaluated – sinc e after check ing,  if the revealed 
conn ection between pre dictant and  complex of  th e 
pr edictors  has the ran dom natu re. For thi s me ans the 
 Fisher’ s ratio test (F-tes t), t- criterion   and  p level of  sig-
 ni  cance (p-level)  w e r e use d  a s  the basic  indices.

In Eq uation 1 F has an extremely high value (F(5.233)=
 = 105. 47 (F critic al =  4.39)), and also, p-level is   h igh-
es t  (p  < 0.00 0 0) in terms  o f la r ge   numb er of d a ta (N = 
239). Thi s p ro ves th e fact that th e created reg res sion 
 i s  of  hi gh signi  cance in whole. How ever , the le vel of 
the  signi   canc e of each pr edictor wit  hin the  l imit s of 
m odel is  subject to c hec king. 

The resul ts of e ach  predict or’ s eval uating ( 1- 5)  are 
rep resented in the functional part of the desktop win-
dow with the simulation results (Table 4).

The comparison of both t and tcr (according to Stu-
dent’s table – 1.65) and the estimations of p - level al-
lows  to conclude  that sign i  c an ce o f predictors 4 and 
  5 is the highest, so, the  rest  could be excluded from 
the forecasting . However,  consideri ng the fact that the 
multiv ariat e li near regressi  on equa tion forecasts  PWP  
in g enera l adequately, the ef  ciency of the predictors’ 

joined  action in vari ous combinat ions  in other m odels 
w as veri  ed. For exam ple, on ly three la st fractions  of 
 partic le size distribution were left i n  the m odel,  and 
a fter that  the signi  cance of separate p redictors  was  es-
t imated  sinc e Equation 2 ha s been constr uct ed.
Equat ion 2: 
y =  2.21+0.08·x1+0.21· 2+0.21· 3

R  = 0.83; R2 = 0.69; SEE = 1.70;
F(3, 235) = 176.4 (Fcr = 8.54);  < 0.0000; N = 239.
Predictant:  – permanent wilting point (PWP) of plants;
Predictors: 1– 3 – particle size distribution frac-
tions’ content ( 1  – 0.01–0.005; 2 – 0.005–0.001; 3 – 
< 0.001 mm, %)

The statistical characteristics of this equation are al-
most the same as in Equation 1, except for the  results 
of e ach separate pre dic tor’s  assessment (Table 5 ). T he 
analysis of the s e co nd model not on ly con   rme d the  
high sig ni  cance of 0.005 0.001  and <  0 . 001 mm  frac-
tion s in th e PWP f oreca  sting , bu t  also proved t he ex pe-
diency of t he involvement o f 0. 01 0.005  mm fraction 
in  the  multitude of pred icto rs.

The con side rable growt h of t- criterion’s  par ameters 
for  all  predictors  together with  dec rease of p -level  for 
0.01-0.00 5 fract ion  w ere established. It mean s, t he c er-
tain “combinatory” grou p of the  pred i ctors  appe ared . 
This phenomen on should obviously be explai ned by 
some  o ther  elds o f scie nce, bu t not the statistics.

Thus , the particle siz e distribution fractions best suit-
able for PWP forecasting were  selected, thou gh other 
important properties, such as the content of humus and 
exchangeable calcium, have still remained. The follow-
ing equation is built with the addition to the composi-
tion of the predictors of these indices. But, despite the 

Table 4. Signi  cance Assessment of the Predictors in 
Equation 1

Predictor t (tcr = 1.65) p-level

1(0.25–0.05)
2(0.05–0.01)
3(0.01–0.005)
4 (0.005–0.001)
5 (< 0.001)

–0.85
–0.72
0.60
2.84
3.33

0.40
0.47
0.55

0.005
0.001

Table 5. Signi  cance Assessment of the Predictors in 
Equation 2

Predictor t (tcr = 1.65) p-level

1(0.01-0.005)
2(0.005-0.001)
3(< 0.001)

2.22
5.68

12.79

0.03
0.00
0.00
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large number of data on the content of calcium (N = 
= 130) and humus (N = 305), PWP parameters are 
not available for all pro  les. So, as a result, too little 
samples providing all these data were included into 
the data set.
Equation 3: 
y = 24.55–0.55·x1–0,27·x2–0.06·x3+0.16·x4–0.34·x5

R = 0.83; R2  = 0.70; SEE = 1.03.
F(5, 5) = 2.30 (Fcr = 4.71);  < 0.19055; N = 11.
Predictant:  – permanent wilting point (PWP) of plants;
Predictors: x1 – x3 – particle size distribution fracti-
ons’ content (x1 – 0.01–0.005; x2 – 0.005–0.001; x3 – 
< 0.001 mm, %);
x4 – content of exchangeable Ca+2, meq/100 g of soil;
x5 – total humus, %.

Unfortunately, the characteristics of Equation 3, could 
not be considered as statistically signi  cant because of 
too small available data capacity (N = 11), wha t is re-
 ected t o F-criterio n . Therefore, PTF with this se t of 

predictor s will be ob viously cal ibra ted on ly after the 
considerabl e   exp an s io n of  the database  and  accumula-
tion   of larger  amou nt of  informat ion . But now i t should 
be exclud e from furt her r esearc h.

S tage Four – P WP Optimal  Model’ s Veri  c atio n and 
Optimal  Ch oice. The comparison of two  da  ta s equen-
ces calculated with  the a id of th e equation and mea-
sured experimentally is considered as the most substan-
tiated P TF quality  con trol  [1 3]. For thi s purpose,  the 
entire data  set  was initi ally  divided  into two parts: 80 
per cent – for th e cal ibration and 2 0 per cent – for the  
 veri   c  atio n of  models, just in the ratio  recommended by 
other rese arche rs [ 7, 12 ].   T he smaller set  (59  mod els)
was use d fo r  the veri  cati on o f mo dels 1 and 2. 

Th e resu lts of  the  compariso n (veri  cat ion ) of t he 
measured  P W P  pa r ameters with those   cal culate d  using 
Equ at.  1 an d 2 are repre sen ted in  Ta ble  6 .

In accordance with  statistical  arguments  both  models
are  equally reasonable  to be  used  in course  of the per-
manent wilting point forecasting for the  chernozems . 
  However , in view of  the  fact  that  model  2  includes 

 a  smaller  quantity  of  components  ( predictors ) , its ac-
complishment  will require  less amount of  initial data , 
 i.e . the search  for  available data  will be substantially 
reduc ed . Under cert ain  cir cums tanc es  th e latt er m odel
 will be more  economically  reasonable. It should be 
noted  that  the  application  of a  model  is expedient  only 
 for  the  typical and ordinary chernozems concerning the 
 provinces  of  wooded -steppe,  steppe and  arid steppe 
 in  Ukraine . The  ranges  of the  predictors  limiting  the 
 adequacy of the model  should be  also considered:   the 
 content  of  0.01 0.005 m m  fraction – 1.7 23.4 %; 
0. 00 5 0.001 – 1.4 31. 0 %; 3 < 0 .001 – 1 5.3 60.5 % .

CONCLUSION S
The permanent wilting point of plants can b e calcu lat-

e d b y means of the pedotran sfer  function (mu ltivariat e  
linear regression equation) using the available da ta on 
the  medium-  and  small-size silt and clay fractions rate 
in accordanc e with N. A. Kachin s k yi ’ s classi   cat ion. 
The adequa cy   of  forecasti ng  calculations  is con  rmed  
with the high correla tion  coef  cients and determin a-
tio n during the comparis on w ith the mea sured  data.
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Table 6. Pedotransfer Functions Characteristic

Equa-
tion R R2 RMSE L

Amount 
of 

Predictors

1
2

0.80
0.80

0.64
0.64

2.97
2.91

2.03
2.02

5
3

RMSE – root-mean square error, it designated the forecast 
accuracy, i.e. the approximation accuracy of the sequence’s 
actual deviation of the equation’s trend line; L – mean 
deviation (arithmetical average of real values’ absolute 
deviations of the mean value).
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