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Aim .   To estimate  the  in  uence  of  contemporary  climatic changes  to  the  forming  of the  cereal  crops productivity    
  ( winter wheat    and  corn )    depending  on  the  adaptive  measures system    ( fertilizer ,  cultivating ,   crop rotation  type)  in 
 the agrocenoses  of the  Central  Left - Bank  Ukraine  ’s Forest- Steppe.  Methods .   On  the  basis   of  long - term  ( 35  -40 
  years )    investigations  in  the  multifactor  stationary   eld  experience,   the  dynamics  of the  cereal  crops productiv-
ity    depending  on  cultivation   ,  crop rotation type    and  fertilizer  has been analyzed.  The  in  uence  of  meteorologica l  
indices  on  the  nature  of a  trends’ temporal movement  in the  cereal  crops productivity       has been modeled .   Results . 
The  effective  use  of an  excess  heat resource  is connected  to  the  introduction  of  mineral  and organic  fertilizers  sub-
ject to   different  cultivation methods   in various  crop rotation type s.   For  the  crop rotation  with  the  perennial  grass 
 at treatment with  6  t / ha  of  manure  and  average  dose  of  fertilizers,  the  productivity  of  winter  wheat,  independent 
of  the  cultivation method,   was  4.69  t / ha ,  barley – 4. 54 t/ h a ;  whereas du ring 20 01 201 0 due   to rep lacement of 
 man ure wit h sid e-li n e pro ducts –  4.21  and 3 .37  t/ha  r e sp ectively, i.e. , less by 0. 48  and 1 .17  t/ha.   T he  p  rodu ctivity 
of sp rin g barle y, as co mpa red to th e m anur e treatment period, has reduced in av erage by 0. 66  t/ha,   o r by  23 .8  per 
 cent; along side, it re mained highe st at th e d eep  subsu rface loose ning of so il.  Ret ur  n from  the a ppli ed ferti lizers 
prove d to be highe r by 12 3 p er c ent independent of the m etho d of tr eat ing the s oil.  In     ve- plot   pea-i ncluding crop 
rotation the a   vera ge produ ctivity of wi nte r wheat in 2   001  2010 d ecre a sed by 1.0 9 t /ha,  o r  by  20  per  c ent. The mo  st 
c onsiderable reduct ion in the  grain  productivity has b   een  xed at bot h the su bsur face and su rfac e loosen ing of 
soi l.  As f or   the cr op r otation with t he pe renn ial grass,  on t he  contrary, a mo re  c onsiderable drop i n the  produc tiv-
ity was at  plo ugh ing (-0.59    t/ha).   T he   co  rn p roductivity in the    cr op r otation with t he pe renn ial grass  grew a t var  i-
ous cultivation methods by 1.7 1 t /ha a v e ra ge, and in  the  pe a-in cluding crop rotation – by 1   .9 5 t /ha.  C o nc lu sions. 
Exce ss   heat r esource during 2001 2 013 in  cond  iti ons of the  Left-Ba nk U k raine ’s Forest- S teppe  z one ant icipa  tes in 
raisi ng tempos the forecast  scenario s of the c limatic  change until 20 25 and need s t he intr oduc tion of the a daptive  
agricult ure system: the ap  pl  icat ion of diffe rin g-depth c u ltivat ing for the  cher nozems with the  prec ise  following of 
the p ostharv est cultivat ion technological operatio ns in the s   umm er-a utumn  p eriod t ogether  with the simu ltan eous 
basic au tumn t reatmen t with both organic  and mine ral  fertilizers, however,  without  the basi c d  o se tre atmen t with 
the mineral  fertilizers for spri ng c ultivat ion, and al so  app lying  of green -ma nured fallows in the s tru ctur e of plant ed 
 areas. U nder  th  e cont empo rary conditio ns, the clim atic  change, in par ti cular, an inc re ase  in the t emperat ure in the 
c ent er p art of the L eft-Ban k Uk r aine’   s Forest-Steppe favorabl y affects  an incre ase  in the p roducti vity of the e xist-
ing  hybrids  of corn,  wh erea s  the desc endi ng general  trend ha s been  observed during entire e xplorat ion period for 
the  wint er w heat an d barl ey p roductivity because     of an incre ase  in the t emperat ure of air  t o  t he c rit ical  values i n the 
p eri od o f earin g a nd grai n po uring. The ex  c e  ss h eat res  ource  is effectively used by the cont emp o rary middle-  and 
of  l ate- ri p enin g  corn hybrids, for wh     ic h th e cond itio ns of optim um  soil and   atmo sphe ric moist ure   supply in the 
“win dbu r n” are created  period  of arden     t a nd wint er e ar crop s. That contrib u  tes to the g  rowth o f thei r  pr oducti vity.

Keywords: grain cr ops, winter wheat, heat resource, subs urface loosening, grain-hoeing rotation, organic fertili-
zers. 
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  INTRODUCTION

The glob  al  w arming in the U   kra inia n Fo rest-Steppe 
is of n   o doubts f or any more [1, 2] a n d is  c onsi dered 
as the e xperime ntally proven fact in  eviden ce. The re-
 se  arch  of this  pro blem  started in the p  re-vious century 
 [3]. Acc o r d in  g to the fore casts [4], a v e r y  r apid gr owth 
in the t emperat ure of air d uri ng t he vege tal  period i s 
provi ded to the m idd le o f the 2 1st century, which co r-
respo nds to the a ssumed  substant ial increase in the 
p opulati on an d with  res pect to the g rowing  need for  a 
qu anti ty  of foods tuf f. The fo re  casted climatic   chang-
es must be  of th e vivi d se asonal  and regi onal  nature, 
 which  re quires  the more  tho rough analysis  of the a l-
ready  existing  climatic  situatio n, in par ti cular, in the  
C ent ral  Left-Ba n k Uk r aine’   s Fores t-Steppe. Its deta il-
in g will mak e it possible to revea l the anti cipating rates 
of  raise in clima tic  indices  towards  the critical  levels o f 
warmi ng.  On the  o  ne hand , it   is ne c  essary to use a n ad-
dit ion al heat res ource effecti vely, decreasi ng the risk s 
of  an in crease  in the t emperat ure due to t he intr oduc-
 tion of the a daptive  measures  system [5, 6],    a n d,   o n  the  
o  ther, to ensur e the regi onal  and nati onal  food saf ety 
t hrough  the stab iliz ation of grain  ec onomy  [7, 8] t a k in g  
i nto account the proc esse s of the c hernoze ms progres-
sive degradat ion [9, 10]    i n  t he  U kra inia n agri culture.

The aim of the current research consiste d in the e val-
 uati on of the i n  uenc e of the c ont emporary climatic  
changes upon the  cere al c rops pr oductivity forming 
(winter      w heat, spring      barley and corn   ), d epen din   g on 
the a dap tive  measures  system (fertil i  z er, cultiv at  ion, 
crop rot  ation type) in the   a gro cenoses of the C entral 
 Left-Ban  k Uk r ainia   n Fore st-Steppe.

MATERIAL AND METHODS

The research has been  carried out in the c ond itio ns 
of the c enter s ection of the C entral Left-Bank Ukrai-
nian Forest-Steppe by means  of the long -ter m st a tion-
a ry experien ce at the D rabiv e xperime ntal plot of the 
C her kassy State Ex perime ntal Station NNTS wit hin 
N  SC “Institute of Farming Agriculture NAAS”. The 
expe  riment has been  performed on the t ypi cal   low-
humu s g r eat-du sty l i ght-cl ay chernoze m with the hu-
mu s co ntent of 3.8–4 .2   per  cen t, dynamic  phosphor us – 
12–14  mg  i n  10 0 g  of soil,  dy nami c  potassiu m – 8–10 
m g  i n  10 0 g  of soil,  pH sali ni ty = 6.8–7. 0.    Tw  o ty pe   s of  
 ve-plot crop rot  ation: 1) pea -w  i nt er  w heat-su gar b e et-

cor n-co r n (6 0  per  c ent – grains ,  20 per  c ent – legume s,  
20 per  c ent – indust ri al plants); 2) per en  n ia l grasses-
 winte r w heat-su gar b e et-cor n-ba r ley  w ith gra sses   so-
wing (60 per    c ent – grains ,  20 per  c ent – indust ri  al 

plants, 20 per c ent – perennial grasses) . Treat   m en  t sys-
tem: without    fertili z ers and N33- 66P3 1-6 2 K4  1-8 2  p e r  1  ha  of 
 th e c rop rot ation + 6-7 t/ ha   o f  s i de- lin e pr o ducts . Cul-
ti vat  ion methods in the    ve -plo t crop rot ations: depth-
 va   rying ploughin g for 22–2 5 cm ;   de  pt h- va   rying sub-
surf a ce loosenin g for 22-2  5 cm  a n d s hal low  subsurfa ce 
loosenin g for 10–1 2 cm .   The  we at her data during t  he 
experime   ntal period (1998–20 1 3) w  ere o  bt ained from 
the  Cher kass y Regional Weather  Service.

RESULTS AND DISCUSSION
In last 35   years  in  the C ent ral  Left-Bank Ukrainian 

Forest-Steppe, whereto  the Drab iv,  Zoloto no sha and 
Chor noba yivka Districts of the C her kassy Region are 
geo graphically located,  the aver age- daily a i r temp era-
ture reached –2.4   in winter,  whereas the standar d 
is  –4.2 . A quantity of   wi nter sedi men ts was  lowered 
by 24 mm. Within  the  w inter per iod,  the sum o f  min us 
t empe rat ures grew up warmer  by –274 , only  69 per 
cent  of sediments fall out. The av erage-da il  y ai r tem-
pe r ature  in spring grew b y +0.9 ,  and rel ative to va l-
ues  during 1913 –1976 – by +1. 7  .  The  summe r  pe-
riod became warmer  by +1. 8 wasps, and a ver a ge-d aily 
 te mper ature r e ached  +20.4 , wh ereas th e  standard is 
+18.8  .  Autumn grew  w armer by +0  .5 ,  and entire 
warm  period of  a ye ar – by  +0.8  . Su bst antially (b y 
+987 ) the   sum of ef  ci ent  t emperature s wi thin  th e 
warm period of a year    grew,  spri ng gr ew warm er  to 
+85  ;  su mmer –  by +802 ,  aut umns – by   +101 . 
The s u m of effec tive temperatur e s increase  d in  sum mer  
by +256 .

During 200 1–2010 the  average a nnu a l air tempera-
ture increased  by + 1.1 ºC, and wit hin the warm per iod – 
by +1.4   ºC. The g reat est inc reas e in  the average-da i ly 
air  te  mper ature is  noted int o the s ummer a n d autumn 
p eriods – by +1.6 and  +1.4  ºC r especti vely , and with-
in the sprin g  per iod  –  by +0.5 ºC. The sum  of a ctive 
a nd e ffectiv e temperatur es during   200 1-20 05  grew up  
by  112 and 103 per cent, during 200 6-20 1 0 – b y 117  
per c ent.  For  10  years of experime nts  t he sum of  ef   -
cient temperat ure s incr eas ed by +430 º C, a nd e ffe ctive 
ones – by +358 ºC . That indica t es essen tial  worsening in 
the we a ther regime of the warm  period of  year toward s 
increase in t he arid ity. Av erage  annual  to tal p recipitation 
proved to b e above s  tandard by 47 m m, and in the warm 
p eriod it rema ined w ithin the li mit s  of  sta nda rd.  Withi n 
the s pring period  the se dime nts fel l o ut by 38  m  m less,  
in  summer  - higher by  14 mm, for autumn  – h igh er  by 21 
 mm,  while  for winte r –  by  5 0  mm.

 During 2001–2010  th e t em pe rature  reg ime at the m en-
t ioned part  of t  he Cen tral  Left-Bank Ukrainian Fores t-
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Steppe exceed ed the indices of the ef  cient temperatures 
sum  provision  (>  5° ) of  the Sou thern Left-Bank Ukrai-
ni an Forest-Step p e  in 19 82 -1992 both according to the 
normative indices and  cur rent   ones,  and  as for the ef fec-
t ive temper atures s um ( > 10° ) approa ched them.  Upon 
conditions of the Left-Ban k  U krainian Forest-Ste ppe  the 
scenario of the c hange in the weather regime during the  
obs ervation  period  corresponds to  the raise temp os of 
t he t emperature conditio ns (concerni ng the sum of ac-
tive and ef fective temp eratures) a s this is sh own  in t he 
 dedicat ed s ources [4, 5].

During 1998–2013 an increase in the winter wheat 
productivity is established against the background of 
natural fertility (control without the fertilizers ) (Fig. 
1).  A  more inte nsive i ncrease in the productivit y is 
 xed on t he systematic subsurfac e a nd surfa ce culti-

va t ing rela tive to  plou ghing. That  c o rre sp o n ds   t o the 
value of  absolute  term in  the exponent ial equat ion s 
of  the trends , which are  hig her in 1.21-1.33 tim es. 
However,  an incre ase in  the producti vity at  ploug hin g 
is also  of h igh  int ensity due t o higher i n 1.56– 2.44 
t im es reg ression coe f   cien ts in  the e xp  onentia l  equ a-
tions of  trends . The average pr oductivity de pending 
on cu ltivating  grew in  2.1 ti mes  and  reach ed 3.0 6 t/
ha. The average prod uct ivit y of winter  wheat sinc e t he 
beg inning of this  research was  3.86 t/ha  in 1998, that 

 is hi gher by  120 per c ent (+0. 62 t/ h a ),  a  nd a s for th e 
cultivating  me thods t he har vest o f gr ain was hi gher 
at subsurfac e on e (3. 7 5 –3 .80  t/ha)  as in 19 98-2013 
(3 .14–3.18 t/ha ) . 

For  a   pe r io d of  27 yea rs,  since the beginning  of t he re-
sea rch , the  dynamic number s of a change i n  the  w inte r  
 wh ea t p rod ucti v ity ( c ontr ol, wi t h ou t ferti li zers) w as 
 of  descend ing na ture , whereas  during last 10 ye ars  – 
of asc ending o ne. H owever,  during  entire  period 
of explorat ions (38 y ears) th e trends of the wint er 
wheat pr oducti vity appeared to  be de sce nding (F ig. 
2). The compar  ative e st imation  of the  equati ons of 
the regre s sio n in  th e pr oductiv ity tre nds for  the re-
gression coef  cients at th e variable  i n t he   l as  t 10  
years state d that the  most ef  cient in crease  in the 
winter whea t productivity was a t th e su bsurface cul-
tivating, then  – at  the shal low  sub surfa ce  one, a nd 
 na lly,  – at plou ghing (Fig . 1).

At  ploughi ng the  productivity was 2.61 t/ha ; at  the 
subsu rface cultivating – 2 .77 t/h a; at th e surface o ne – 
2.91  t/ha. In the  crop rotat ion  wi t h the  perennial  gras s 
the tendenc y to ward  a n  i ncrea se i n the productivity 
at t he  subs u r fa ce   cultivating ha s been  reve a l ed .   Aft er 
2 2 years since  the b egin ning of th e expe rime nt (until  
1998)  the  winter w heat pr oductivity in th e cr op rotation 

Fig. 1 .  Ave raged  trends i n the winter wheat produc t i vi t y increase without fertilizers (control) in the crop rotation agrocenoses 
in the Left-Bank Ukrainian Forest-Steppe, 1998–2013
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with the perennial grass in  th  e average  at various  cult i-
vating me thods w as 3.96 t/h a , and with in  2001–2010  – 
3.04 t/ha or, by 23  per  cent less.

The  stat isti cal analys is stated that during 37 years in 
the control experi ment s wit h o ut  f erti lizers  the   maxi-
mum- typic a l  winter  wh ea t productivity in the average
at various crop ro tations at s ubs urface  lo osen ing 
was  4.04–4.91 t/ ha, and  at systemati c ploughing   – in 
1.0 5–1.12  times lower. At the systematic surface cul-
ti vating the reductio n in productivity was  les s th an at 
 t h e  pl oughing , and in co mparison wit h t h  e s  ubsurf ace 
l oosening a  decr ease compos ed 1.05– 1.08 times. The 
 minimum-ty pic al winter whe at p roduc tivity chang ed 
within :  1.91 –2.17 t/ha at the p loug hing, 2.34–2.78 t/ha 
 at  the subs urface lo osen ing, 2 .41–2 .64 t/ha at t h e shal-
lo w subsu rface loosening. At  the plo ughing t  he r  educ-
ti o n  in the pr oductivit y  was  1 .23–1 . 2 8 time s re lative to 
 the subsurfa ce c u ltiva t i ng.

In  the   rst c ase (ploug hing), as for t he m inimum 
and max imum inter val of  values, the p rodu ctiv  ity 
wa s lowe r at the rel iable level, w hereas in the sec ond 
 case ( surfa c e cultiva t ion) ther e wa s a stea dy t enden-
cy  toward de cre ase. T he  var iability of t he p roduc-
t ivi ty r elative t o ave rage meani ng  at t he plou ghing  
 was 33–3 4 per cent,  a t the  subs urface lo osening –  
24–26  per cent ,   and   nally, at  the sur face cultiva-
t ing – 23–24  per cent.

In the pea-including crop rotation the winter wheat 
productivity decreased by 1.21 t/ha or, 23–24 per cent 
in average during 2001–2010, while the most consi-
derable decrease pro ved  to be at systematic ploughin g 
(– 0.86 t/ ha) and surface cul tivating (–1. 5 t/h a ) . H ighe r 
 p roductivity at the subsurface  loosening  should b e ex-
 plained not only w ith addit ional heat resou rce, but al so 
high le vel of p o t en ti al f ertility formed duri n g  37  y e ar s  
o  f subsu rface loosening  [9]. 

Grain Crops Productivity (t/ha) in the Five-Plot Grain-Hoeing Rotations Depending on Fertilizer and Cultivation 
Method upon Conditions of the Left-Bank Ukrainian Forest-Steppe

Crop Plants
Crop Rotations

Ploughing 
22 25 cm

Subsurface Loosening, 
depth Ploughing 

22 25 cm

Subsurface Loosening, 
depth

22 25 cm 10 12 cm 22 25 cm 10 12 cm

Manure Treatment Period Straw Treatment Period

Control – neither organic, nor mineral fertilizers

Grains – to 60 %, industrial plants – to 20 %, perennial grasses – to 20 %

Grain crops, including
Winter wheat
Barley
Corn

3.97
3.67
2.51
5.72

4.03
4.15
2.99
4.95

3.85
4.07
2.81
4.66

3.43
2.71
1.96
5.62

3.85
3.16
2.21
6.16

3.82
3.25
2.17
6.05

0.35
0.45
0.55
1.25

Grains – to 60 %, industrial plants – to 20 %, legumes – to 20 %
Grain crops, including
Winter wheat
Corn

4.15
3.74
4.51

4.35
4.28
4.35

4.38
4.45
4.38

4.28
2.88
5.67

4.71
3.05
6.35

4.57
2.95
6.25

0.45
0.35
1.15

N33–66 31–62 41–82 Treatment
Grains – to 60 %, industrial plants – to 20 %, perennial grasses – to 20 %

Crop Plants
Crop Rotations 6 t/ha of manure 7 t/ha of side-line products

Grain crops, including
Winter wheat
Barley
Corn

5.35
4.85
4.41
6.85

5.17
4.65
5.16
5.72

4.75
4.58
4.06
5.65

5.21
4.29
3.38
7.92

5.15
4.21
3.41
7.81

5.02
4.15
3.32
7.62

0.65
0.46
0.65
1.45

Grains – to 60 %, industrial plants – to 20 %, legumes – to 20 %

Grain crops, including
Winter wheat
Corn

5.77
5.25
6.35

5.75
5.95
5.55

5.15
5.13
5.18

6.07
4.32
7.83

5.95
4.38
7.55

5.95
4.35
7.55

0.65
0.35
1.17
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The corn productivity in 2001–2010 grew  at b oth 
subsur face and su rface treatme nt  by  +1.21  and  +1.39 
 t/h a, whereas  at the systematic ploug hin g it h ad  a ten-
dency  toward decr e ase. Wi thin the entire pe rio d of   
exper iment  th e highest corn p rodu ctivity  was after 
 the   ploug hing   (6.52   t /h a) , at the  subsur face loosen ing 
the pr oductiv it y was red uced to  6.47 t/ ha  , and a t the 
surfa ce trea tment – 6.03 t /ha ( 05 = 0.24  t/ha). The 
c orn  produc tivity trends  w ere o f   th e  i ncreasi ng nature 
independent  of  the cultivati ng method. A cco rding   t o 
 th e signi  ca nce inde x (R2) of the  equat i o n o f the trends  
regr e s si o n   is r eliable. The produ ctivity  trend at th e sub-
surfac e loose ning is most ra pidl y-growing. The max-
 im  al-typical in terv al of the cor n produ ct iv ity val ues 
at th e ploughing was 7.99–10.1 t/ ha, at t he subsurface 
loose ning – 8. 79–9 .55 t/ha,  and at the shallow  subsur-
f a ce – 8.11–8.8 3 t/ha.  The mini mal-typic al  interval at 
the subsurface loose ning  was 8.82– 9.55  t/h  a, whe r e as  
at t he p loughing – 7.88–10.10 t /ha,   and a t   th e  shallow  
sub surface  one – 8.11–8. 85 t  /ha. T h e  m in  imal -typica l 
interva l was 4.1 1–4 .75 t/ha, 3.81–5.09 t/ha  and  3.72  –
4.43  t / ha  c orrespondingly.  The variabi lity   of pro d u ct i-
v ity rel ativ e to the average value at  the   subsu r f ac e loos-
ening w a s below  30 per cent,  wher e as at   t he  p loug h ing 
a n d  su rfac e tr  eatmen t   it  exceeded 30 per c  ent  (Fig. 3).

Th e s pring barley  productivity  in comparis on with 
1 980–1990 reduced on the aver age by  0 .66 t/ha or , by 
23.8 p er c ent, and w as t he highe st at the  deep subsur-
f ace loosenin g . W it h in the  entire period of explorations 
the average barl ey p r od uctivity was  the highest at th e 
sys t e mat ic s ubs urfa ce loosenin g (3.75  t/ha), then at  the 
 surfa ce treatme nt it lowere  d by 0. 06 t/ha, wh ile at  the 
ploughing –  by 0 .13 t/ha  ( 05=0.11 t/ha). The max-
i mal-typical  bar ley product ivity was the highest   at th e  
 su b surface  loosening – 4. 55–5.05 t/ ha. 

Both at  the  ploughing  and  shallow   subsurface loosen-
ing, the  typical  productivity  was reduced  by 1.05  –1.12  
times.   Independent of  the  cultivating method  ,  the  vari-
ability  of the  barley productivity      was  below  by 30  per 
cent,  whereas  exceeded  30 per cent  in  control  without 
  fertilizers  .   The  trends  of   the  productivity change  were 
of  the  descending  nature  with  the  reliable  difference 
 ( according to   R2 index )  concerning  the  cultivating 
methods      ( Fig .  4 ).

The matter  of the  excessive  heat resource effective 
 use    is connected  to  the    mineral  and  organic  fertilizers 
treatment; also taking into account the  different culti-
vating methods  at   the  crop rotations  of  various  types 
 ( see Table  1 ) .   At  the  grass-including crop rotation      and 
treatment with  6  t / ha  of  manure  and  average  dose  of 

 fertilizers  the  average  winter  wheat productivity  in-
dependent of   the  cultivating method    was  4.69  t / ha , 
 the  spring barley    –  4.54  t / ha ,  and  during  2001  –2010   
at  replacement  of  manure  with  side - line  products   – 
4.21  and  3.37  t / ha   respectively,  what is  by  0.48  and  
1.17  t / ha  less.   At the   ve-plot pea-including  crop rota-
tion    the  average  winter  wheat productivity     was reduced 
 by  1.09  t / ha  or,  by  20 per cent during  2001 - 2010 .   At  the 
 grass-including crop rotation   ,  on the contrary ,  the con-
siderable  reduction  in the  productivity  was observed at 
 ploughing  (  –0.59  t / ha ) ,  whereas   the  grain productiv-
ity    remained  higher at  deep   cultivating.   The  corn pro-
ductivity  at  the  crop rotation  with  the  perennial  grass 
 grew  on the average  at various cultivating methods  by  
1.71  t / ha ,  and  at  the  pea-including crop rotation  – by 
 1.95  t / ha .   A  larger  increase  in the  grain productivity  has 
been noted  at  the  subsurface  ( + 2.09  and  + 2.0  t / ha )  and 
 surface  ( + 1.97  and  2.37  t / ha ) loosening  subject to the 
 crop rotation  type.

  The  spring barley   productivity,  as  compared  to  1980 -
 1990 ,    was reduced  on the average  on   0.66  t / ha  or,  by 
 23.8  p er cent,  and  the highest was at  the  deep    subsur-
face  cultivating.    The return  from  the  a pplied  fertilizers 
 proved to be  higher  in  1982–1992  by  123 per cent  inde-
pendent of  the  cultivating me thod   .   The  barley produc-
tivity      was reduced  at  ploughing  ( – 1.57  t / ha ) ,  and  the 
 most considerable  drop      was  at  subsurface  and  surface 
   loosenin  g:   -1.60  and  -1.60  t / ha  respectively.

  The  cereal  crops productivity  at  the  organic - mineral 
   fertilizer  and  crop rotation  with  the  perennial  grasses 
  never changed   ( 5.09  and  5.13  t / ha  ) ,  but  at  the  pea-
including crop rotation    it  reliably  grew up   at various 
cultivating methods  . At the  manure treatment  against 
the background  of the  mineral fertilizers  the  addition  of 
 grains   was  1.14  and  1.27  t / ha  on the average,  while  at 
 replacement  of  manure  with  side - line  products   – 1.43 
 and  1.47  t / ha,  depending  on  the  type  of  crop rotation . 
  The  increase  of the  grain  owing to introduced  fertil-
izers  in  2001 – 2010,  as compared to  1976 –1998  grew 
 by 1.25  and  1.16  times  respectively  to  the  crop rotation 
 either with  grasses,  or  pea .   Depending  on  the  cultivat-
ing method    the  return  from  the   organic - mineral  fertil-
izers treatment ( 6  t / ha  of  manure )     in the form of  the 
 increase  of  grains  was  higher at  ploughing  and  sub-
surface  loosening:   + 1.38  and  1.14  t / ha  and  1.62  and  
1.40  t / ha  respectively  to the  crop rotation  either with 
 grasses,  or  pea .   At  the  replacement  of  manure  with 
 side - line  products  ( 6 – 7  t / ha )  the  addition  of the  grain 
 owing to applied  fertilizers    proved to be higher  at 
 ploughing  for  the  crop rotation   with grasses,  and  for 
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 the  crop rotation  with  pea  was  unchanged independent 
of  cultivation  method   ( see  the Table ).

The  period  of  2011 – 2013  was  critical  according to 
 the  indices  of  temperature  conditions :   the  annual  sum 
 of  effective temperatures  ( >  5    ) ex ceeded st andard by  
+3 9 5 ºC,  dur ing the  war m per iod of  yea r – by +2 80  º C,
and  du ring  the su mmer  period  – by +146  ºC.   As for  
th  e sum o f ef  ci ent  temperatures: during  a   year i n 
w hole – by +415 ºC,  du r ing th e w arm per iod  of ye ar – 
by  +2 89 ºC, durin g  the s umm er peri od –  by +15 0 ºC 
compared  t o the st andard. The  aver age-dail y   air  tem-
pera t ure si nce June till Ju      ly (phase t he earing- g rain 
p ouring-rip e ning of both   w inter and  spring cereals ) 
ex ceeded  standar d  by +1,5–1 .7ºC (the  st   anda rd is 
+2 0.1   ), the s um o f ef  fectiv e  temp erat ure s (> 5 ) 
was above st a nd a   rd by + 125  ºC, an d the sum  of  active  
on es –  by  +200  ºC . That  creates c ond i tions,  wh en dur-
ing t he  critical  gr owing  phases  bot h winter  and spring 
cere als f all int o “t he wind burn” de creas ing the ir p  ro-
ductivity. 

According  to the  data [4, 5],   by 2025 the a vera ge 
da i l y  a i r  temperat ure  during  t he veg etal period in 
t   he Cent ral  Left-Ban k Ukrai nia n Fo rest-Steppe must 
grow to +17.74 ºC, while  by th e for eca s t sce  nario  [4] –   
to  +18.14 °C (u ntil 2050 ) ,  b ut  in   2011–2 013   the 
averag e -d aily  ai r te m perat ure  in Apri l -Octob er ap-
peared to be    +18 .5 ºC ,  what is  by +2.48 ºC hi gher 
than   the standar d ; in the  summer  period –  +21.2 º C,
wh ich  exceeds  the st an dard by  +1 .7 ºC,  and the  
annual avera ge- d aily  tempera  ture  increa sed by  
+ 2.05 º C, while the  standard  is  b y +7.22 ºC. Fol low-
i ng to the  tempe r ature  in  dices coincidi ng w ith the 
scenario b y A.G.    Tarariko [5]  during 1 982–2012 and 
 t h e  forecaste d   sc  enario  for  2 025–2 050  [4], it is sim  i-
lar to th e Ce ntra l  Step p e . 

C ONCLUSIONS

1. Th e ex   cessive   heat resource observed during 2001-
201 3 in the Central Left-B ank Ukr aini a n For  est-Steppe 
anticipates in raising tempos the fore  cast scenari os of 
the climatic cha nge until  2025 and  require s the adap-
tive a gricul ture  system introd ucti on. First  of all, this is 
the implementa    ti  on of the ste p pe agric ultu re methods: 
dep th-vary ing che rnozems cultivation  ,    soil protective 
by its na  ture, subject to the precise following of th e 
postharve st c ultivation technol ogical  operations in the 
summer-autumn period  with the s  imu ltan eous a u tum-
nal  basic t reatm ent  with both org anic and  minera l fer-
tilizers; also  denying  of t he basic dose of the  miner al 
ferti lizers  during  spri ng cult ivation, as it is co mmon fo r 

the c ontemporary  a griculture, and also  the  use of green  -
manured fa ll ows  in th e st ruct ure  of p l anted ar eas.

2.  In  the  contempora ry  conditio ns of the cli mati c
change, in  particular,  an  inc rease in temper at ure 
to the fo re cas ted rate  of  2025 in the  Cen tral Left-
Bank Ukrai nia n For est -Ste ppe favorably affects an 
increase in the p roductivit y of the  ex isting co rn hy-
br ids, whereas  the pro ductivity  of w inter w he at and 
b arle y has the des cen ding ge neral  tren d durin g en tire  
period of  studies  throug h an in crease  in the  tem pera-
ture  of air  to  the criti cal val ues in the p eri od o f g rain  
earing a nd pour ing . Th e exces siv e heat resour ce i s 
effec ti  vely  used by t he co ntemporary corn hybrids 
of middl e- a nd late-ripen ing groups, f or which in  the  
“wi n dburn” pe riod o f  spri ng and  wi nter  cultures the 
opti mal  condit ions  of soi l and air  moi sture supply 
are pr ovi ded c ontr ibut ing to in crease in their pro duc-
tivity.

3.  The  analysis  of  the c ereal crops productiv-
ity durin g 2011–2013 ac quires the special impor-
ta nce  d epending on th e crop rotation type, fertil-
izer  and  cul tivating method. The  productivi ty 
o f winter wheat in  th  e pe a-including c rop  rota-
ti on at  sys tema tic ploughing is 4.67–5.15 t/ha , at 
surfac e cultivat ing  int errupt e d  b y  ploughing for 
sugar beet – 5.0–5.05  t/ ha, at the per manent  sur-
fac e c ultiva t i ng  for  all  plants in  crop rotation – 
4.50–4.6 4 t/ha. In  the  crop rotation with   the pe r e n-
n ia  l g rass  the winter wh eat p rodu ctivity ap peared  to 
 be the  highest at surface cultivating – 4 ,89–4.95 t/ha, 
and at subsurface loose ning  and pl o u gh in g the 
w heat produc tivity was 4.7 3 and 4.50  t/ha, what is 
reliably  low er (  0.0 5 = 0 . 2 5)  r elati ve to systematic 
ploughing.

4. The co rn productiv ity in the  crop rotation with 
pea and grass was  hi ghes t at ploughing : 9.4 5–10 .0 
a nd 11. 3 t/ ha respecti vely. At  th  e su bsurfa ce l oosen-
 i n g t he corn prod uctiv ity  was reduced  by 1.03 and 
1 .7 t/ha subject to  the crop ro tat ion t ypes , an d   after 
surface cult ivating it de creased  to 8 .53–8. 85 t/ha.
The cereal  cro ps product ivi ty p roved  t o  b e   the  high-
est  on systematic plou ghing both at  the  crop ro-
tat ions with t he grass a nd pea:  6.45  and 8.19 t/ha 
 respe ctiv ely. A t th e s ub  surfa ce l oosen i n g t he grain 
cro ps pr oduc tivity had a tendency  tow ards decrease, 
but remain ed w it hin the l imits of  the rel ia ble values: 
p roducti vity  decrea sed by  0.76 and  0.57 t /h  a or 9.3 
and  8.8 per ce nt;  at t he s urfac e   cul tiv atin g –  to 0.86 
and 0.92  t/ha  or to 10.5 and 14.3 p er  cent  (rel iable  
 v alu e). 
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