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Abstract: Wind i s  an i m p o r t a n t  e r o s i o n a l  
p r o c e s s  i n  t h e  a r e a s  of s teppe-savanna 
c l i m a t e  i n  Europe a s  t y p i f i e d  by t h e  
Vojvodina p l a i n  i n  Yugoslavia .  C u l t i v a t e d  
and f o r e s t e d  p l o t s  on t h e  Subotica-Horgos 
Sands were used  t o  s t u d y  a e o l i a n  e r o s i o n  
p r o c e s s e s .  Wind e r o s i o n  on t h e  c u l t i v a t e d  
p l o t  was 3-29 t i m e s  g r e a t e r  t h a n  t h a t  
o c c u r r i n g  on a p l o t  p l a n t e d  t o  f o r e s t  
t r e e s .  That  e r o s i o n  r e s u l t s  i n  impor tan t  
l o s s e s  of humus and n u t r i e n t s .  A p r a c t i c a l  
e q u a t i o n  e s t i m a t i n g  wind e r o s i o n  from wind 
-3 

D e f l a t i o n  p r o c e s s e s  i n  t h e  zone o f  
s teppe-savanna c l i m a t e  i n  Europe a r e  
r e p r e s e n t e d  i n  t h e  l a r g e  p l a i n  of 
Vojvodina,  which i s  a c o r n f i e l d  and a 
r e g i o n  of p a r t i c u l a r  importance t o  
Yugos lav ia .  The u s e  o f  contemporary 
a g r i c u l t u r a l  e n g i n e e r i n g ,  t h e  i n a p p r o p r i a t e  
o r g a n i z a t i o n  o f  t h e  t e r r i t o r y ,  d e s t r u c t i o n  
o f  p r o t e c t i v e  g r e e n  cover ,  and o t h e r  
u n f a v o r a b l e  e f f e c t s  l e a d  t o  t h e  i n i t i a t i o n  
and development of d e f l a t i o n  p r o c e s s e s  of 
d i f f e r e n t  i n t e n s i t i e s .  T h i s  a s p e c t  o f  s o i l  
d e s t r u c t i o n  a f f e c t s ,  f i r s t  of  a l l ,  
a g r i c u l t u r e ,  w a t e r  r e s o u r c e s  management, 
t r a f f i c ,  i n f r a s t r u c t u r e ,  environment ,  e t c .  
The r e g i o n  of Vojvodina i s  c h a r a c t e r i z e d  by 
he te rogeneous  s o i l  t y p e s ,  r a n g i n g  from 
sands ,  b l a c k  s o i l ,  chernozem, and smoni tza  
t o  g l e y e d  s o i l  which, i n  g i v e n  c l i m a t e  
c o n d i t i o n s ,  a r e  d i f f e r e n t l y  t h r e a t e n e d  by 
t h e  p r o c e s s  o f  wind e r o s i o n .  I n  t h i s  paper  
w e  s h a l l  p o i n t  o u t  t h e  r e s e a r c h  on wind 
e r o s i o n  ( s t a r t e d  i n  1980) on t h e  s o i l s  of 
l i g h t  mechan ica l  compos i t ion  ( p o t e n t i a l l y  
t h e  most t h r e a t e n e d  s o i l s ) ,  on t h e  
Subotica-Horgos Sands .  
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The Subotica-Horgos Sands a r e  s i t u a t e d  
i n  t h e  North-Northwest p a r t  o f  Vojvodina 
p l a i n  between t h e  Danube and T i s a  r i v e r s .  
The a v e r a g e  l e n g t h  of t h e  Sands i s  48 km 
and t h e  a v e r a g e  d i a m e t e r  i s  5-11 km. The 
Sands cover  an a r e a  a b o u t  of 240 km2. 
The Vojvodina p l a i n  i s  a well-known 
orchard-grape  v i n e  c o u n t r y ,  w i t h  more t h a n  
33 p e r c e n t  under  v i n e y a r d s  and o r c h a r d s ,  
a b o u t  20 p e r c e n t  f o r e s t s  and  woodlands, and 
o v e r  34 p e r c e n t  under  g r a s s l a n d .  I t  i s  
c h a r a c t e r i z e d  by m i l d l y  u n d u l a t i n g  dune 
r e l i e f  o f  n o r t h w e s t - s o u t h e a s t  d i r e c t i o n ,  a s  
w e l l  a s  by a h i g h  l e v e l  of underground 
w a t e r s ,  2 - 8 m .  A s  t h e s e  Sands a r e  i n  t h e  
zone of a r i d  c l i m a t e ,  a t  t h e  boundary o f  
s teppe-savanna and s l i g h t  woodland 
c h a r a c t e r ,  under  t h e  i n f l u e n c e  o f  
p e d o g e n e t i c  f a c t o r s ,  t h e r e  can b e  
d i s t i n g u i s h e d  d i f f e r e n t  t y p e s  o f  sand :  
grey-yel low,  brown, b l a c k ,  b l a c k  loamy, and 
s a l i n e  s a n d s  w i t h  d i f f e r e n t  p r o d u c t i o n  
c a p a c i t i e s .  

METHOD OF RESEARCH 

A compara t ive  method of s t a t i o n a r y  
o b s e r v a t i o n  by wind-gage s t a t i o n s  has  been 
a p p l i e d  on s p e c i a l l y  s e l e c t e d  e r o s i o n  
p l o t s ,  o f  which one,  u s e d  f o r  a g r i c u l t u r a l  
p r o d u c t i o n ,  h a s  n o t  been p r o t e c t e d  ( " U " ) ,  
w h i l e  t h e  o t h e r  ("P") has  been p r o t e c t e d  
w i t h  f o r e s t  p l a n t i n g s ,  f i g u r e  1. 

F i g u r e  1 - - ~ x p e r i m e n t a l  wind-gage s t a t i o n  
r e c o r d s  d e f l a t i o n  p r o c e s s e s .  
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Table  1. Average monthly and annua l  d e p o s i t i o n  q u a n t i t i e s  (En kg m - l )  Loc. "U" and l o c .  "Pu 

Months  
En J a n  F e b  Mar Apr  May J u n e  J u l y  Rug S e p  Oct Nov Dec En 

Loc."U' (kg  m-l) 0 . 2 7 2  0 . 7 6 5  0 .504 0 . 6 9 3  0 . 3 0 6  0 .350  0 . 5 0 7  0 .106  0 .136 0 . 1 1 6  0 .040  0 . 0 6 2  3 . 8 5 7  
Loc.'P" ( k g  m-l) 0 .017 0 .026  0 .028  0 . 0 4 7  0 . 0 5 3  0 .038  0 . 0 4 0  0 .039  0 . 0 2 5  0 . 0 1 9  0 .014  0 .010 0 .356  
R e l a t i o n  U/P 1 6  2  9  1 8  1 5  6  9 13 3 5  6  3 6 11 

Table  2 .  Average monthly v e l o c i t i e s  (m s a t  0  .O5 m above ground f r e q u e n c i e s  ( p c t )  and 
s torm winds (12 .3  m s-l) NW and N d i r e c t i o n s .  

P a r a m e t e r s  J a n  F e b  Mar Apr May 

V e l o c i t y  (m s-l) 8 . 1 0  8 . 4 9  8 .13  6 .24  7 . 8 9  
4 .32  - 9 . 0 1  4 .90  7 . 1 3  

F r e q u e n c y  ( p c t )  2 3 . 4 2  1 1 . 8 8  7 . 2 1  6 . 2 3  5 . 7 6  
4 . 6 5  - 1 6 . 8 5  3 2 . 5 1  0 . 7 7  

F o r c e  IK) 3 . 0 8  2 . 4 8  3 . 0 0  2 . 8 2  3 . 5 1  

Months  

- 

J u n e  J u l y  Auy S e p  O c t  Nov Dec Average  

Exper imenta l  s t a t i o n s  r e c o r d :  q u a n t i t y  
o f  a e o l i a n  d e p o s i t i o n ,  wind f requency  and 
v e l o c i t y ,  a i r  and s o i l  t e m p e r a t u r e s ,  a i r  
and s o i l  humid i ty ,  e t c .  F i e l d  d a t a  a r e  
a n a l y z e d  i n  o r d e r  t o  q u a l i f y  and q u a n t i f y  
t h e  d e f l a t i o n  p r o c e s s ,  a s  w e l l  a s  t o  d e f i n e  
t h e  c o n d i t i o n s  o f  c l i m a t e  and r e s i d u a l  s o i l  
i n  which t h e y  o c c u r .  

RESULTS OF RESEARCH 

The a n a l y s i s  of t h e  d a t a  o b t a i n e d  a t  
e x p e r i m e n t a l  s t a t i o n s  "U" and "P" h a s  
p roved  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  
d i s t r i b u t i o n  and  i n t e n s i t y  o f  d e f l a t o r y  
p r o c e s s e s ,  as w e l l  a s  i n  t h e  p a r a m e t e r s  of 
c l i m a t e  and  r e s i d u a l  s o i l  which a f f e c t  
them. 

The d a t a  on t h e  annua l  i n t e n s i t y  o f  
wind e r o s i o n ,  w i t h  2.127-5.490 t km-l p e r  
y e a r ,  emphasize t h a t  u n p r o t e c t e d  a r e a s  
( l o c .  "U")  of  t h e  r e s e a r c h e d  r e g i o n  a r e  
t h r e a t e n e d  by e r o s i o n ,  whereas t h e  
p r o t e c t e d  a r e a s  ( l o c .  "P") a r e  s u b j e c t e d  t o  
d e f l a t i o n  p r o c e s s e s  o f  abou t  11 t i m e s  lower 
i n t e n s i t y ,  r a n g i n g  from 0.247 t o  0.444 t 
km-l p e r  y e a r ,  a v e r a g e  0.356 t km-l p e r  
y e a r  ( t a b l e  1 ) .  According t o  t h e  d a t a  i n  
t a b l e  1, maximum v a l u e s  o f  wind e r o s i o n  
i n t e n s i t y  o c c u r  i n  t h e  f i r s t  h a l f  o f  t h e  
y e a r  between J a n u a r y  and J u l y ,  amounting t o  
abou t  80 p e r c e n t  t o t a l  a n n u a l  q u a n t i t y  o f  
a e o l i a n  d e p o s i t i o n ,  whereas t h e  remain ing  
12 p e r c e n t  a r e  d e p o s i t e d  between August and 
December. 

T h e r e f o r e  i n  t h e  u n p r o t e c t e d  a r e a s  o f  
t h e  Subotica-Horgos Sands,  d e f l a t i o n  
p r o c e s s e s  o s c i l l a t e  w i t h i n  c a t e g o r i e s  I1 
and 111, s t a r t i n g  from medium i n t e n s i t y  

e r o s i o n  (2 .0  - 5 . 0  t km-l p e r  y e a r )  t o  
i n t e n s i v e  e r o s i o n  ( 5 . 0  - 7 . 0  t km-l p e r  
y e a r ) .  I n  t h e  p r o t e c t e d  a r e a s  o f  t h e  
Sands,  d e f l a t i o n  p r o c e s s e s  a r e  reduced t o  
t h e  l e v e l  of normal e r o s i o n  ( c a t e g o r y  I o f  
e r o s i o n  p r o c e s s e s )  w i t h  t h e  i n t e n s i t y  lower 
t h a n  0 . 5  t km-l p e r  y e a r .  

The d e g r e e  o f  h a z a r d  (comparison of 
p r o t e c t e d  and u n p r o t e c t e d  a r e a s  of t h e  
Sands)  i s  i n c l u d e d  i n  t h e  e x p r e s s i o n  B = 

IeeP / IeeS ,  and ranges  between 11 f o r  annua l  
and 171  f o r  d i u r n a l  i n t e n s i t i e s  o f  wind 
e r o s i o n .  T h i s  p o i n t s  o u t  t h e  s i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e  d e g r e e  of h a z a r d  o f  t h e  
compared l a n d s ,  which i s  c o n d i t i o n e d  by t h e  
b u f f e r i n g  e f f e c t  o f  p r o t e c t i v e  p l a n t i n g s  on 
t h e  d e f l a t o r y  p r o c e s s e s  i n  t h e  p r o t e c t e d  
e r o s i o n  p l o t s .  

The e s t a b l i s h m e n t  of " e r o s i o n  a c t i v e "  
winds h a s  been performed by t h e  c r i t e r i o n  
of c r i t i c a l  ( i n i t i a l )  v e l o c i t i e s  (Vs>Vkr) . 
Accordingly ,  t h e  i n i t i a l  v e l o c i t y  n e c e s s a r y  
t o  move t h e  m i x t u r e  of D .  Tavankut sands  Ds 

= 0 . 1 8  mm, i s  about  3 .0  m s - l a t  t h e  h e i g h t  
of 0.05 m above ground.  T h i s  d e n o t e s  
s tormy winds (>12 .3  m s-l) a s  e r o s i o n  
a c t i v e  winds.  

I n  t h e  r e s e a r c h e d  r e g i o n  o f  t h e  
Pannonian P l a i n ,  by t h e  "Modified Method o f  
I n s t r u m e n t a l  A n a l y s i s " ,  t h e  f o l l o w i n g  
dominant winds have been d i s t i n g u i s h e d :  NW 
( 1 4 )  and N (16)  w i t h  t h e  degree  o f  
dominance r a n g i n g  up t o  10 t i m e s .  Average 
monthly v e l o c i t i e s  ( a t  0.05 m) and  wind 
f r e q u e n c i e s  a r e  p r e s e n t e d  i n  Tab le  2 .  

Stormy winds i n  t h e  Subotica-Horgos 
Sands o c c u r  48.96 p e r c e n t  i n  t h e  p e r i o d  
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Table 3 .  Average monthly a i r  temperatures ( S C ) ,  p r e c i p i t a t i o n  (mm), r e l a t i v e  a i r  humidity 
( p c t ) ,  and t o t a l  s o i l  moisture, l o c .  "U" and "P" 

Montlls 
Climatic Loc. Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Annual VP* NVP** 
Factors 

Air nu,, - 0 . 8 7  - 0 . 5 4  6 . 0 7  1 0 . 0 1  1 5 . 5 8  1 7 . 6 3  2 0 . 1 6  1 9 . 8 1  1 6 . 6 4  1 0 . 8 8  3 . 9 1  0 . 4 1  9 . 9 8  1 6 . 6 4  3 . 2 5  
Temp. OC "P" - 1 . 5 2  - 0 . 4 9  5 . 8 6  1 0 . 7 0  1 5 . 0 0  1 8 . 0 4  1 9 . 5 3  1 8 . 9 1  1 6 . 0 2  1 0 . 5 8  3 . 0 7  - 0 . 0 4  9 . 6 4  1 6 . 6 4  2 . 9 1  

Precip. "Uv 2 8 . 7 8  2 1 . 4 8  3 5 . 4 2  3 2 . 1 6  5 4 . 9 2  9 0 . 3 0  3 5 . 2 2  3 0 . 7 4  4 3 . 1 8  3 9 . 8 4  4 0 . 2 0  4 7 . 3 6  499 .60  2 8 6 . 5 2  2 1 3 . 0 8  
(llm) "P" 3 1 . 3 6  2 2 . 8 8  3 7 . 4 8  3 4 . 3 8  5 7 . 4 4  8 8 . 7 6  3 9 . 6 6  2 5 . 7 0  4 6 . 2 4  4 4 . 2 6  4 1 . 6 2  4 9 . 2 6  5 1 9 . 0 4  2 9 2 . 1 8  2 2 6 . 8 6  

Relative "U" 8 1 . 4 5  7 8 . 2 4  6 8 . 9 2  6 4 . 1 9  6 5 . 4 0  6 6 . 7 7  6 7 . 4 9  6 7 . 8 9  7 1 . 8 8  7 2 . 7 6  7 7 . 5 9  8 3 . 0 1  7 2 . 1 3  6 7 . 2 7  7 7 . 0 0  
Humidity "P" 8 8 . 6 6  8 1 . 0 6  7 2 . 5 7  6 8 . 3 1  6 7 . 3 2  7 0 . 4 4  6 9 . 3 4  7 2 . 2 7  7 5 . 7 0  7 7 . 7 3  8 2 . 9 6  8 6 . 5 4  7 5 . 9 1  7 0 . 5 6  8 1 . 2 5  
of Air (pct) 
Total Soil "U" 3 . 8 2  6 . 5 2  2 . 6 8  3 . 3 6  3 . 3 2  2 . 3 0  2 . 4 2  2 .56  2 . 6 8  3 . 9 6  4 . 9 6  7 . 0 4  3 . 8 0  2 . 8 0  4 . 8 0  
Moisture "P" 1 5 . 7 8  2 1 . 0 2  1 2 . 6 0  9 . 5 6  6 . 7 0  6 . 4 2  5 . 7 0  4 . 9 6  7 . 5 6  1 0 . 8 8  1 1 . 4 2  1 7 . 8 0  1 0 . 8 7  6 . 8 0  1 4 . 9 0  
(PCt) 

* VP denotes Vegetational Period 
** NVP denotes Non-Vegetational Period 

between 10 a.m. and 3  p.m. A s  per  t h e i r  
dura t ion ,  category I1 winds (60 - 360 min.) 
occur most f requent ly  i n  March and October. 
In add i t ion ,  it has been observed t h a t  
e ros iona l ly  a c t i v e  a i r  cu r ren t s  of NW 
d i r e c t i o n  ( 1 4 )  a r e  more favorable (warmer 
and d r i e r  a i r )  t o  t h e  development of 
d e f l a t i o n ,  than t h e  winds of N ( 1 6 )  
d i r e c t i o n .  

The degree of nonuniformness of a i r  
cu r ren t s  expressed through t h e  f a c t o r s  of 
fo rce  (K) and frequency (percent )  ranges 
between 1 . 0  and 9 . 6 .  These values f o r  NW 
( 1 4 )  and N (16) winds o s c i l l a t e  much l e s s ,  
averaging 3.33 and 3.86 ( t a b l e  2)  which i s  
very s i g n i f i c a n t  f o r  t h e  evaluat ion  of t h e  
aggressiveness of a i r  c u r r e n t s .  

The ana lys i s  of da ta  ( t a b l e  3)  of t h e  
hydrometric regime of t h e  researched 
eros ion p l o t s  p o i n t s  t o  t h e  s i g n i f i c a n t l y  
more humid regime on t h e  protec ted  erosion 
p l o t ,  which decreases t h e  development of 
d e f l a t o r y  processes .  

The ana lys i s  of aeol ian  deposi t  (En )  
and r e s i d u a l  s o i l  (OZ)  r e su l t ed  i n  severa l  
i n d i c a t o r s  of condi t ions  i n  which d e f l a t i o n  
processes occur.  The following a r e  t h e  
most important ones : 

P a r t i c l e - s i z e  composition of t h e  
researched sands i n d i c a t e s  a  very "erodible  
s o i l " .  The content  of e rod ib le  p a r t i c l e s  
smal ler  than 1 mm ( t o  t h e  depth of 0.05 m )  
amounts t o  more than 9 9  percent ,  and t h e  
condit ion of e r o d i b i l i t y  i s  40 percent  of 
t h e s e  p a r t i c l e s .  

Sand moisture (rough dispers ion)  i s  a  
very s i g n i f i c a n t  f a c t o r  i n  t h e  group of 
s o i l  phys ica l  p r o p e r t i e s  which condit ion 
t h e  "pseudo cohesion" reducing t h e  

development of t h e  d e f l a t i o n  process .  The 
content  of t o t a l  sand moisture ( t o  t h e  
depth of 0.05 m )  on t h e  unprotected area  
ranges between 2.3 percent  and 7.0 percent ,  
and on t h e  protec ted  area  it i s  4 . 9  percent 
t o  21 percent  ( t a b l e  3 ) .  The r e l a t i o n  of 
moisture ( W Z )  and apparent cohesion ( c )  i s  
defined by t h e  funct ion:  

and it has been es tab l i shed  f o r  Wz = 1 - 21 
percent ,  with t h e  corresponding values of 
cohesion of up t o  c  = 6 . 7 9  kN x  m-*. On 
t h i s  occasion it has been observed t h a t  
d e f l a t i o n  processes occur a t  t h e  s o i l  
moisture below 7 percent ,  which corresponds 
t o  cohesion below c  = 3.0 k N  x m-2 .  

The ana lys i s  of t h e  r e l a t i o n  of 
chemical c h a r a c t e r i s t i c s  of t h e  aeol ian  
deposi t ion  (En)  and t h e  r e s i d u a l  s o i l  ( O Z )  
p o i n t s  t o  t h e  very s i g n i f i c a n t  ind ica t ion  
of s o i l  f e r t i l i z a t i o n  l o s s  a f f e c t e d  by 
d e f l a t i o n  processes.  It i s  denoted by t h e  
"de f l a t ion  c o e f f i c i e n t "  presented i n  t a b l e  
4 .  

Table 4 .  The degree of t h e  damaging e f f e c t  
of d e f l a t i o n  process expressed a s  
d e f l a t i o n  c o e f f i c i e n t  mu=En x  oZ-l 

Number Nutrients mu = En x 0,-l 

1 H u m u ~  5 . 7  - 1 6 . 2  
2  CaC03 1.1 - 1 . 3  
3  Total Nit~ogen 3 . 2  - 1 4 . 0  
4  Readily Available P 1 5 . 5  - 2 0 . 3  
5  Readily Available K 6 . 4  - 1 4 . 3  
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By the research of correlation between 
aggressive factors of climate, resistances 
of soil particles, and the quantity of 
aeolian deposition in the conditions of the 
Pannonian Plain, the basic equation of wind 
erosion has been developed: 

where: 

En - Quantity of aeolian 
deposition in kg m-l; 

A and B - coefficients of regression; 
e - base of natural logarithms; 
Qv - air flow in seconds through 

the observed cross section in 
m3s-1; 

T - duration of each aggressive 
wind in s. 

The formula is practical, as it is 
incomparably easier (with the aid of 
analytical evaluations and graphs of input 
parameters) to evaluate the erosion 
process, which otherwise calls for a rather 
complicated procedure of measurements. 

CONCLUSIONS 

By the analysis of data presented in 
the paper, it can be concluded as follows: 

- In steppe-savanna conditions of the 
Pannonian Plain deflation processes 
represent a significant factor of soil 
destruction. They are factors which have 
adverse effects on the quality of the 
environment and, in general, on human 
activities in the region. 

- Light soils (sands) of the Subotica- 
Horgos Sands are very erodible (containing 

more than 90 percent particles smaller than 
1 mm) and they can be classified as 
category I11 wind erosion hazard (Chepil 
and Woodruff 1954) - soils not resistant to 
wind erosion, or as (III), category of 
intensive erosion (Letic, Lj. 1989) with 
5.0 - 7.0 t km-1 per year of deflation. 

- Deflation processes occur in the 
periods winter - spring (Jan - Apr) and 
summer (June - July) and they are caused by 
aggressive winds NW (14) and N (16), 
velocity above 3.0 m s-l (at 0 .O5 m above 
ground) . 

- The researched soils are subject to 
the accelerated nutrient loss resulting in 
fertility loss. 

- These researches have a practical 
value, as they widen and supplement the 
knowledge of the measures of struggle 
against the phenomena of deflation, i.e. 
the establishment of shelterbelt plantings 
(and other measures) in this part of the 
Pannonian Plain. 
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The Forest Service, U.S. Department of Agriculture, is responsible for Federal leadenhip in forestry. 
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Research on all aspects of forestry, rangeland management, and forest resources utilization. 
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