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The purpose. To determine systems of interaction grade – medium – yield with the use of 

calculus, simulation and prediction on an instance of dependence of productivity of lettuce of grade 

Snizhynka on hydrothermal quotients of zones of Left-bank Forest-steppe and Polissia. Methods. 

Field, laboratory, statistical. Results. It was fixed that best values of hydrothermal quotient (HTQ) for 

deriving maximum level of productivity in conditions of Left-bank Forest-steppe made 0,8 — 1, and in 

conditions of Polissia – 1,2 — 2. In conditions of Polissia influence of weather environment on 

productivity of lettuce was the least. Relative stability of grade was higher in conditions of Forest-

steppe (20,24%). But in conditions of Forest-steppe on parameter bi lettuce of grade Snizhynka was 

more ecologically plastic (1,24), that is at favorable weather environment it showed rather high 

productivity. In conditions of Polissia, on the contrary, grade Snizhynka was less plastic (0,76) and with 

a smaller level of relative stability of genotype (15,94%). Selection worth of genotype (SWG) for lettuce 

of grade Snizhynka in zone of Polissia made 4,59. Conclusions. In zone of Left-bank Forest-steppe 

according to the year of growing at oscillation of the sum of active temperatures within the limits of 

1076 — 1318°C and oscillation of sum of rainfalls of 56,6 — 193,6 mm the productivity of lettuce of grade 

Snizhynka made 6,7 — 12,2 t/hectare. In zone of Polissia the ratio of rainfall to sum of active temperatures 

(HTQ) almost did not influence formation of productivity at its oscillation within the limits of 0,65 — 1,48. 

Dependence of formation of productivity in zones of Forest-steppe and Polissia on quotient of elasticity 

made 0,05 and 0,26, that specified favorable conditions of native zone of Left-bank Forest-steppe for 

growing lettuce. General and specific adaptive abilities of grade Snizhynka were above in zone of Forest-

steppe (0,75 and 3,93 accordingly), the best selection worth of genotype of grade was characteristic for 

zone of Polissia (4,59). 
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Introduction. For agricultural production it is important to find stable varieties of vegetable crops 

for cultivation in different soil-climatic conditions of Ukraine [1, 2]. Sown lettuce is a valuable vegetable 

crop, the yield and especially the quality of which greatly depends on the conditions of cultivation [3-5]. It 

should be noted that no scientific development of domestic scientists includes the study of the parameters 

of zonal variability of the yield of the lettuce depending on the meteorological conditions of the cultivation 

[6]. 

According to the biological characteristics of the salad, the plant is cold-resistant, a long day crop, 

demanding to the illumination and moisture of the soil and air, since it has a large evaporation of the 

leaves [7]. Young plants withstand a decrease in temperature to 1 ... 2 оС  and short-term frosts to -6 - 8 

оС. The optimum temperature for growth and development of lettuce is 15 - 20 оС . Soils acidity with a 

reaction close to neutral pH of 6.0-6.8 are optimal for cultivating the lettuce. Plant grows well on 

structural, fertile, sandy loamy, flood-rich soils with high content of humus [1, 2]. 

Analysis of recent research and publications. As noted in the numerous studies of Ukrainian 

scientists (RL Borisov, MF Peregudt [3], MF Grushko [4,5], TK Horovаіа [1, 6], O. Zavadskaya [7] , O. 

Poznyak, Yu. V. Tkalych [8], Z. D. Sich [9], O. I. Ulyanych [2]) is economically advantageous to grow a 



salad (Lactuca sativa L.) in the presence of high-yielding varieties resistant to pathogens and stinging, 

shaded and heat-resistant, environmentally-friendly and stable in terms of yield and quality of marketable 

products. The typical representative of the leaf variety of the sown lettuce is the 'Snizhynka' variety, which 

is included in the State Register of Plant Varieties, suitable for distribution in Ukraine  

The purpose of research. To determine the dependence of the yield of lettuce of the seedlings' 

snowflake ‘Snizhynka’ on the hydrothermal coefficients of the zones of the Left Bank Forest-steppe and 

Polissya, to analyze the parameters of the zone's adaptability of the variety. 

Materials and methods, and conditions for conducting research. The research was carried 

out during 2006-2015 according to the Methodology of the Experimental Case in Vegetable and Melons 

(2001) [10] under the conditions of the Left Bank Forest-Steppe (Institute of Vegetable and Melon 

Growing, NAAS of Ukraine) and Polissya (experimental station ‘Mayak’ IOB NAAN) with the Snowflake 

variety . The technology of growing the salad included seeding early in the spring (second to third 

decades of April) with a norm of 2.5 kg / ha to a depth of 1-2 cm in a tape (20 + 50 cm). During the 

growing season, harrowing was carried out across the lines of the lines, 2 inter-row mechanized work 

(first to a depth of 6-8 cm, as soon as the lines are designated, the second - after 10-12 days after the 

first), manual propelling and watering in the phase of forming the socket of the leaves. The yield of lettuce 

salad was determined by the complete formation of the leaflet socket, which at this time completely 

changed the color, and the leaves did not increase in size. 

Zonal variability was determined by the methods of Kilchevsky and Khotylova [11], the 

hydrothermal coefficient for Peasantin [12], the coefficient of elasticity behind Gromyko [13]. The plasticity 

of the variety was determined according to the method of Eberhard-Russel [14] 

Research results and their discussion. It was established that in the zone of the Left Bank 

Forest-steppe during fluctuations of different vegetation periods, the growth of the sum of active 

temperatures in the range of 1076-1318 0С and the amount of precipitation within the limits of 56,6-193,6 

mm yield of salad of the 'Snowflake' variety was 6.7-12.2 t / ha, that is, it differed almost twice (Fig. 1). 

   

 

Fig. 1. Variability of yield (t / ha) of salad of the seedlings 'Snizhynka' in the conditions of the 

Left Bank Forest-step depending on: 

a) the sum of active temperatures (оС), b) the amount of precipitation (mm) (May-June) during 

growing season 

 

According to the coefficient of variation, it was determined that in the conditions of the Left Bank 

Forest-steppe Ukraine the amount of active temperatures and hydrothermal coefficient for the vegetation 

period of the salad varied poorly (coefficient of variation 6.21 and 4.78% respectively), variability of the 

parameter of the amount of precipitation was significant (39.2%), The volatility of the salinity level was 

average (21.28%). It is noted that according to the coefficient of elasticity with an increase in the amount 

of precipitation by 1%, the yield of salad of the 'Snowflake' varieties for the majority of years grows 

substantially. The least increase in yields from the increase in precipitation was recorded in 2008 (by 
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0.27%) and in 2011 (by 0.23%). Also, the optimal values of the SCC were obtained for obtaining the 

maximum yield in the conditions of the Left-Bank Forest-steppe (Fig. 2). The highest yields of the sown 

salad were recorded at the level of 0.8 at the hydrothermal coefficient, while the growth rate of the SCC of 

more than 1.0 indicates a gradual decrease in yield. 

 

 

Fig. 2. Dependence of the productivity of the salad of the seedlings 'Snizhynka'  on the action 

of the hydrothermal coefficient for the conditions of the Left Bank Forest-steppe                               

(average for 2006-2015). 

An analysis was also carried out of the crop yield of salad for cultivation in the Polissya area 

(experimental station Mayak) (Figures 3, 4). It has been established that this soil-climatic zone causes 

obtaining a higher level of crop yield. Thus, in 2012, the yield increased to 9.56 t / ha; in 2015 - up to 8.55 

t / ha; in 2006 - to 8.56 t / ha; 2009 - up to 8.31 t / ha for the sum of active temperatures 1010 °C, 1048, 

968 and 1031 ° C, and precipitation amounts of 200.1 mm; 167.1; 154.8 and 153.3 mm respectively. It is 

noted that at the level of hydrothermal coefficient up to 1.2 the yield of salad in appropriate conditions did 

not change significantly. As the SCC grows above this threshold, the yield of the crop increases to a level 

of 9.0-9.5 t / ha. It was noted that in the conditions of Polissya, the influence of weather conditions on the 

yield of salad was the lowest, which is confirmed not by high values of the coefficient of elasticity 

(0.00053-0.00155). 

 

 

Fig. 3. The variability of the yield of the salad of the seedlings 'Snowflake' in the Polissya area 

(2006-2015) 
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Fig. 4. Dependence of the formation of the level of productivity of the salad of the seedlings 

'Snizhynka' from the hydrothermal coefficient in the conditions of the  Polissya of Ukraine (2006-

2015). 

 

The dependence of the crop salad yield on hydrothermal coefficients of different soil-climatic zones of 

the Left Bank Forest-steppe and Polissya (Table 1) was also analyzed. It was established that the 

dependence of yield formation in the zones of the Left Bank Forest-steppe and Polissya on the coefficient 

of elasticity, respectively, was 0.05 and 0.26, indicating a greater favorable conditions for the forest-

steppe for the growth and development of the salad of the seedlings. 

The corresponding dependence is confirmed by the value of the correlation coefficient between the 

parameters of yield and the hydrothermal coefficient, which for the Polissya zone r = 0.57, whereas in the 

Left-Bank Forest Steppe r = 0.39. 

Table 1 Dependence of the crop yield of the sown leafy variety 'Snizhynka' from hydrothermal 

coefficients of the zones of the Left Bank Forest-steppe and Polissya 

Year 

Amount of active 

temperatures, ° С 

Amount of 

precipitation, mm 
GTK (X) 

Productivity, t / ha 

(fact.) (Y) 

Forest

-steppe 

Polis

sya 

Forest

-steppe 

Polis

sya 

Forest

-steppe 

Polis

sya 

Forest

-steppe 

Polis

sya 

2006 
1163 

968 77,1 

154,8

0 0,66 1,60 

9,5 10,00

2007 
1260 

1073 102,3 

122,3

0 0,81 1,14 

9,0 7,40

2008 
1076 

947 110,6 

107,7

0 1,03 1,14 

12,2 7,60

2009 
1222 

1031 87,7 

153,3

0 0,72 1,49 

11,7 8,20

2010 1308 1226 62,7 45,80 0,48 0,37 11,4 6,53

2011 
1262 

1102 123,5 

113,1

0 0,98 1,03 

11,3 9,00

2012 
1148 

1010 56,6 

200,1

0 0,49 1,98 8,2 10,17 

2013 1318 1222 83,2 91,40 0,63 0,75 8,51 8,60

y =
1,1971x 

2  - 1,2987x + 7,6405
R 2  = 0,3101
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 t / ha 

Hydrothermal Coefficient (GTK) 



2014 
1189 

1049 193,5 

137,2

0 1,63 1,31 6,8 6,11 

2015 
1196 

1048 135,0 

167,1

0 1,13 1,60 6,7 7,40 

avera

ge 
1214 

1066 103 

135,6

4 0,9 1,30 9,53 8,10 

V,% 6,21 8,42 39,24 34,08 40,78 37,12 21,28 16,77 

Forest-steppe Y = -51618x2+8,3043x+6,7707,  r=0,39 

Polissya Y = 1,1971x2 - 1,2987x + 7,6405,  r=0,56 

 

The coefficient of variation in the level of yield of salad in the forest-steppe zone was 21.28%, which 

was significantly higher than this parameter in the Polissya area, where the variability of the crop yield 

was 16.77%. The analysis of the adaptive capacity of the seedlings ‘Snizhynka’ on the level of yield 

proved (Table 2) that the overall adaptive capacity was positive in the forest-steppe zone (0.75). The 

specific adaptive capacity of the variety was also increased in the forest-steppe zone (3.93%), while in the 

Polissya conditions this parameter was 1.67. 

Table 2 Parameters of zonal adaptability of the crop yield of salad of the seedlings ‘Snizhynka’ 

(average for 2006-2015) 

Growing 

zone 

Y
ie

ld
, 
t 
/ 
h

a
 

Parameters of zonal adaptability 

G
e

n
e
ra

l 
A

d
a
p

ti
v
e

 

A
b
ili

ty
 (

Z
A

Z
) 

S
p

e
c
if
ic

 A
d
a

p
ti
v
e

 

C
a
p
a
c
it
y
 (

S
A

Z
) 

R
e

la
ti
v
e

 s
ta

b
ili

ty
 o

f 
th

e
 

g
e
n
o
ty

p
e
,%

 (
S

g
) 

T
h

e
 r

e
g

re
s
s
io

n
 

c
o

e
ff

ic
ie

n
t 
o
f 

th
e

 

g
e

n
o
ty

p
e

 o
n

 t
h

e
 m

e
d

iu
m

 

(p
la

s
ti
c
it
y
) 

(b
i)
 

S
e

le
c
ti
o

n
 v

a
lu

e
 o

f 
th

e
 

g
e
n
o
ty

p
e
 (

S
T

G
) 

Forest-

steppe 

(IOB NAAN) 

9,53 0,75 3,93 20,24 1,24 4,13 

Polissya 

(DC 

‘Mayak’) 

8,18 -0,75 1,67 15,94 0,76 4,59 

 

It was determined that the relative stability of the variety is greater in the conditions of the forest-

steppe (20.24%), that is, in the data of the soil-climatic conditions for the variation of weather conditions, 

stable high productivity is not guaranteed. But in the conditions of the forest-steppe, the ‘Snizhynka’ salad 

was more plastic (1.24), which is, under favorable weather conditions, showed relatively high yields. In 

the conditions of Polissya, on the contrary, the Snowflake variety was less plastic (0.76) and with a lower 

level of relative stability of the genotype (15.94%). The breeding value of the genotype (STG) for the 

variety of sowing snowflake in the Polissya area was higher by 4.59, whereas in the Forest-steppe 4.13. 

 

Conclusions 

In the zone of the Left Bank Forest-steppe, according to the fluctuations of the year of cultivation of the 

sum of active temperatures 1076-1318 оС and the amount of precipitation 56,6-193,6 mm, the yield of 

salad of the sowing ‘Snizhynka’ variety was 6.7 - 12.2 t / ha. In the Polissy area, the ratio between 

precipitation to the sum of active temperatures (SCC) almost did not affect the formation of yields at its 

fluctuation from 0.65 to 1.48. The dependence of yield formation in the forest-steppe and Polissya zones 

on the coefficient of elasticity, respectively, was 0.05 and 0.26, indicating the favorable conditions of the 



natural zone of the Left-Bank Forest-steppe for the development of lettuce. The general and specific 

adaptive ability of the ‘Snizhynka’ variety was higher in the Forest-steppe zone (0.75 and 3.93 

respectively); the largest breeding value of the variety is characteristic for the Polissya zone (4.59). 
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