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ABSTRACT 

Phytophthora infestans, the causal agent of late blight, is a major threat to potato crop all over the world. 

Fungicides play a crucial role in the integrated control of late blight. Variety choice is dictated by end users 

who demand cultivars with specific agronomic characters and these are difficult to combine with late blight 

resistance.  

The main aim of this research was to test the influence of two different densities (53300 plants/ha and   

44400 plants/ha) and two different late blight control technologies (using only contact fungicides - TECH1 and 

alternative systemic and contact fungicides - TECH2) on the biomass of three heighly cultivated varieties 

(Riviera, Christian and Roclas).  

The potato canopy of different varieties present large difference regarding stem length and leaf number, 

shoot and tubers weight in response to the applied technologies.  

In 2014 conditions, the total biomass of the varieties and combinations of treatments studied did not differ 

significantly. In 2015 and 2016 conditions, the varieties were differentiated both by the amount of biomass 

accumulate on July 1-4 and by the statistical differentiation of the variants within the varieties. The studied 

densities had significant effects on plant biomass accumulations at the beginning of July.  

In all years, at the beginning of July, due to the earlyness and sensitivity to late blight, the green mass in 

Riviera variety was significantly lower, compared to the green mass in the middle early varieties Roclas and 

Christian.  
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INTRODUCTION 

 

he potato crop, according to FAO 

statistics (2017), is of global importance, 

occupying 4
th

 position after the three “giant” 

grain (wheat, corn, rice). Potato crop is 

graded as a high potential food security     

and cash crop because of its ability to provide 

a high yield of high quality product per     

unit input with a shorter crop cycle (mostly 

<120 days) compared to major cereal crops 

like maize (Struik and Wiersema, 1999; 

Arega et al., 2018). 

In terms of energy is of great importance 

for human consumption in a variety of ways 

of preparation and industrialization. 

Currently potato is cultivated in different 

production systems in 140 countries in an 

area of 19 million hectares, with a total yearly 

production of 322 million tons and an 

average yield of 40 t/ha. Compared to the 

average yield of 30-40 t/ha obtained in 

Western countries in our country's production 

was 2.5-3.0 times less, this being determined 

by a number of limiting factors (Hermeziu, 

2017). 

Potato late blight, caused by Phytophthora 

infestansis one of the most destructive 

diseases of potato globally, including 

Romania (Zadoks, 2008; Hanukkalla, 2013). 

Potato late blight fast development when 

conditions are suitable causes massive 

disease spread which is called disease 

epifitoty. Disease spread depends to 

meteorological conditions, high infection, 

and potato growing period at disease attack 

time (Razukas, 2008). 

It is known that the application of limited 

number of fungicides repeatedly in a specific 

area increases the insensitivity of the 

T 
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pathogen and decreases the efficacy of        

the fungicides due to the pathogen strain 

shifting to resist the fungicides. Standard 

recommendations for delaying the 

development of insensitivity to fungicides in 

fungal pathogens include rotating classes of 

fungicides (Brent and Hollomon, 2007; 

Mekonen and Tadesse, 2018). 

The optimization of plant density is one of 

the most important subjects of potato 

production management, because it affect 

seed cost, plant development, yield and 

quality of the crop (Bussan et al., 2007). 

More than 160 years after the first 

appearance of P. infestans, late blight 

continues to pose a major threat to potato 

production, and its control today is possible 

only through frequent application of 

fungicides (Cooke et al., 2011; Fry and 

Goodwin, 1997). Nevertheless, yield loss 

caused by this plant pathogen is estimated to 

be approximately 16% of the world potato 

production (Haverkort et al., 2009), in spite 

of these efforts (Axel et al., 2012). 

  

MATERIAL AND METHODS 

 

The experiment was carried out for three 

consecutive years (2014-2016) to the National 

Institute of Research and Development for 

Potato and Sugar Beet - Braşov and included 

three factors: potato varieties, fungicides 

control and two different densities. It was 

used a complete randomized block design 

with four replicates and the following factors: 

A factor represented by Riviera, Roclas and 

Christian varieties, B factor represent by the 

two densities (0.75 m x 0.25 m and 0.75 m x 

0.30 m), and C factor represent the late blight 

control with different fungicides (2 variants of 

treatment: TECH1 - only contact fungicides 

and TECH2 - contact and systemic fungicides). 

Disease severity was scored using 1-9 

scale. 1: None or very few lesions on the 

leaflets (0% foliage affected); 2: 3% foliage 

affected; 3: 10% foliage affected; 4: 25% 

foliage affected; 5: 50% foliage affected;     

6: More than 50% but less than 75% stem 

and foliage affected; 7: More than 75% but 

less than 90% affected; 8: Only very few 

green areas of stem and leaf (much less 

10%); 9: 100% foliage completely destroyed 

(Anonymous, 1947; Cruiskshank et al., 1982). 

The assessment used a key on the whole plant. 

All the others aspects regarding cultivation 

and maintenance was in line with current 

good agricultural practice. 

Two plants were randomly selected at the 

centre of each plot and their heights, number 

of main strains, the lenght of the middle leaf, 

aerial part weight, underground part weight, 

number of tubers and their weight in hill 

were measured. 

The data obtained were statistically 

processed using the MSTAT-C program (test 

Duncan and analysis of variance). 

 

RESULTS AND DISCUSSION 

 

The climatic conditions during the 

vegetation period (Table 1) determined 

decisively the growth and development of the 

potato plants and the evolution of late blight 

attack in the years 2014-2016. 

 
Table 1. Air temperature and rainfalls during the experiment 

 

 
Month  

April May June July August  

Year Air temperature (°C) Average 

2014 19.1 13.9 16.4 19.3 18.7 14.3 

2015 17.9 15.1 17.3 20.7 19.9 16.7 

2016 11.3 12.4 19.0 19.7 18.4 15.0 

MMA 18.5 13.6 16.5 18.1 17.5 13.6 

 Amount of rainfall (mm) Amount 

2014 118.5 100.2 176.0 115.4 60.6 134.4 

2015 128.0 144.8 175.6 142.4 22.6 111.0 

2016 198.4 100.4 121.2 128.8 85.8 138.0 

MMA 150.0 182.0 196.7 199.8 76.4 152.5 
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In 2014, the first appearance of late blight 

was recorded on June 17, 35 days after 

emergence of plants for Riviera and 28 days 

after for Roclas and Christian varieties. 

In 2015, favorable climatic conditions for 

late blight during June led to its appearance 

on July 1
st
, 41 days after emergence for 

Riviera and 39 days after for Roclas and 

Christian varieties. 

The earliest appearance of late blight in 

the last 24 years was recorded in 2016. The 

appearance of the first late blight outbreaks 

was reported in the experimental field on 

May 31, 2016, the earliest appearance in the 

last 24 years. Late blight appeared to Riviera 

variety 18 days after emergence and to 

Roclas and Christian varieties at 15 days 

after. 

 
Table 2. Late blight attack degree in early July (2014-2016) 

 

No. Variety 
Density 

plants/ha 

Late blight control 

technology 

Late blight mark (1-9) 

July,  

2
nd

 2014 

July,  

1
st
 2015 

June,  

27
th

 2016 

1 

Riviera 

44.4 
TECH1 5.0 abcdef 0.9 abcde 6.5 abcd 

2 TECH2 4.0 abcdef 0.1 abcde 3.8 abcd 

3 
53.3 

TECH1 5.0 abcdef 1.3 abcde 7.1 abcd 

4 TECH2 3.8 abcdef 0.5 abcde 4.1 abcd 

Mean 4.4 abcdef 0.7 abcde 5.4 abcd 

5 

Roclas 

44.4 
TECH1 1.4 abcdef 0.8 abcde 3.7 abcd 

6 TECH2 0.9 abcdef 0.3 abcde 2.0 abcd 

7 
53.3 

TECH1 1.5 abcdef 0.6 abcde 3.3 abcd 

8 TECH2 0.8 abcdef 0.3 abcde 2.1 abcd 

Mean 1.1 abcdef 0.5 abcde 2.8 abcd 

9 

Christian 

44.4 
TECH1 1.3 abcdef 0.3 abcde 3.4 abcd 

10 TECH2 0.5 abcdef 0.1 abcde 2.0 abcd 

11 
53.3 

TECH1 1.3 abcdef 0.3 abcde 3.4 abcd 

12 TECH2 0.4 abcdef 0.1 abcde 2.0 abcd 

Mean 0.9 abcdef 0.2 abcdef 2.7 abcd 

LDS 5% (Variety) 0.4 0.4 0.6 

LDS 5% (Variety*Density*TECH) 0.5 0.4 0.9 

 

Maximum degree of attack on the Riviera 

variety were registered in 2014 (5.0) and 

2016 (7.1) to the variants with TECH1 

control technology. For Roclas and Christian 

varieties, in similar combinations, the recorded 

values varied between 1.3-1.5 in 2014 and 

3.4-3.7 in 2016, respectively emergence 

(Table 2). 

To Riviera variety, applying TECH2 

technology, the late blight marks were 

significantly lower up to 3.8-4 in 2014 and 

2016, and in 2015 up to 0.1-0.5, given that in 

the years with stronger attack in the Roclas 

and Christian varieties the maximum value of 

late blight was 2.1. 

The total biomass accumulated in different 

years for the studied variants and shown in 

Table 2, reflects the different conditions of 

vegetation period. The experimental average 

of the total biomass was 1041 g mv./plant 

(CV = 23.2%) in 2014, 842 g mv./plant    

(CV = 24.0%) in 2015, and 1107 g mv./plant 

(CV = 24.1%) (Table 3).  
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Table 3. Effects of interaction between variety and late blight control technology 

on the tubers yield formed in early July 

 

No. Variety 
Density 

 thousands hills/ha 

Late blight 

control 

technology 

Total biomass (g gt/plant) 

July,  

4
th

 2014 

July,  

2
nd 

2015 

July,  

1
st 

2016 

1 

Riviera 

44.4 
TECH1 1064 abc 1719 abcd 1140 abcd 

2 TECH2 1233 abc 1913 abcd 1075 abcd 

3 
53.3 

TECH1 1158 abc 1652 abcd 1979 abcd 

4 TECH2 1778 abc 1739 abcd 1827 abcd 

Mean 1058 abc 1756 abcd 1005 abcd 

5 

Roclas 

44.4 
TECH1 1228 abc 1183 abcd 1721 abcd 

6 TECH2 1320 abc 1027 abcd 1241 abcd 

7 
53.3 

TECH1 1082 abc 1670 abcd 1243 abcd 

8 TECH2 1931 abc 1822 abcd 1902 abcd 

Mean 1140 abc 1956 abcd 1277 abcd 

9 

Christian 

44.4 
TECH1 1061 abc 1935 abcd 1128 abcd 

10 TECH2 1921 abc 1141 abcd 1349 abcd 

11 
53.3 

TECH1 1855 abc 1598 abcd 1714 abcd 

12 TECH2 1871 abc 1710 abcd 1969 abcd 

Mean 1927 abc 1846 abcd 1040 abcd 

Experimental mean (CV) 
1041 

(23.2%) 

842 

(24.0%) 

1107 

(24.1%) 

LDS 5% (Variety) 274 g/plant 158 g/plant 164 g/plant 

LDS 5% (Variety*Distance*Treatment) 358 g/plant 300 g/plant 396 g/plant 

 

In 2014, the total biomass of the varieties and 

combinations studied did not differ significantly. 

In 2015 and 2016, the varieties were 

differentiated both by the amount of biomass on 

July 1-4 and by the statistical differentiation of 

the variants within the varieties. 

To the Riviera variety, in both years, the 

determined biomass was significantly lower 

(756 g mv./plant and 1005 g mv./plant), 

compared to the total biomass determined  

for Roclas variety (956 g mv./ plant and  

1277 g mv./plant). Also the total biomass    

of Christian variety (846 g mv./plant and 

1040 g mv./plant) was significantly lower 

than Roclas biomass but only in 2016   

(Table 3). 

  
Table 4. The interaction between variety and density on total biomass in early July 

 

Variety 
Density 

thousands hills/ha 

Total biomass (g gt/plant) 

July, 

4
th

 2014 

July, 

2
nd 

2015 

July, 

1
st 

2016 

Riviera 
44.4 1148 a 1816 abc 1008 abcd 

53.3 1968 a 1696 abc 1103 abcd 

Roclas 
44.4 1274 a 1105 abc 1481 abcd 

53.3 1006 a 1746 abc 1073 abcd 

Christian 
44.4 1991 a 1038 abc 1238 abcd 

53.3 1863 a 1653 abc 1841 abcd 

Mean 
44.4 1137 a 1986 abc 1275 abcd 

53.3 1945 
O
 1698 

Ovvv
 1939 

Ovvvv
 

Dl 5% (Distance) 72 g/plant 118 g/plant 282 g/plant 

LDS (Variety*Distance) 595 g/plant 289 g/plant 231 g/plant 
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 The studied densities had significant effects 

on plant biomass at the beginning of July. 

Compared to the average biomass quantities 

obtained in the variants with planting density 

44.4 thousand hills/ha of 1137 g gt./plant     

in 2014, of 986 g gt./plant in 2015 and    

1275 g gt./plant in 2016 at the density of  

53.3 thousand hills/ha, the total fresh biomass 

in the respective years was 945 g gt./plant, 

698 g gt./plant and 939 g gt./plant. 

In two years out of the three studied, the 

differences in biomass due to densities were 

significant for Roclas and Christian varieties 

(Table 4). 

  
Table 5. The interaction between variety and late blight control technology on total biomass in early July 

 

Variety 
Late blight control 

technology 

Total biomass (g gt/plant) 

July,  

4
th

 2014 

July,  

2
nd 

2015 

July,  

1
st 

2016 

Riviera 
TECH1 1111 aa 686 ab 1060 ab 

TECH2 1006 aa 826 ab 1951 ab 

Roclas 
TECH1 1155 aa 926 ab 1482 ab 

TECH2 1125 aa 924 ab 1072 ab 

Christian 
TECH1 1958 aa 766 ab 1921 ab 

TECH2 1896 aa 925 ab 1159 ab 

Mean 
TECH1 1075 aa 793 ab 1154 ab 

TECH2 1008 ns 891 *
d
 1061 ns 

Dl 5% (Treatment) 103 g/plant 87 g/plant 301 g/plant 

LDS (Variety*Treatment) 254 g/plant 212 g/plant 280 g/plant 

 

In just one year, TECH2 treatments 

provided on average a higher amount of 

biomass (891 g gt./plant) than TECH1     

(793 g gt./plant) without significant 

differences between varieties (Table 5).  

 

July 04 2014

RIV-44.4 - TECH1

RIV-44.4 - TECH2

ROC-44.4 - TECH1

ROC-44.4 - TECH2

CHR-44.4 -TECH1

CHR-44.4 - TECH2

RIV-53.3 - TECH1

RIV-53.3 - TECH2

ROC-53.3 - TECH1

ROC-53.3 - TECH2

CHR-53.3 - TECH1

CHR-53.3 - TECH1

%

1009080706050403020100

AP

RAD

TUB
29

39

38

41

11

29

40

40

39

9

64

54

57

54

90

87

65

55

56

57

89

91
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July 02 2015

RIV-44.4 - TECH1

RIV-44.4 - TECH2

ROC-44.4 - TECH1

ROC-44.4 - TECH2

CHR-44.4 - TECH1

CHR-44.4 - TECH2

RIV-53.3 - TECH1

RIV-53.3 - TECH2

ROC-53.3 - TECH1

ROC-53.3 - TECH2

CHR-53.3 - TECH1

CHR-53.3 - TECH2

%

1009080706050403020100

AP

RAD

TUB
67

64

69

71

39

37

74

76

77

73

38

43

9

26

28

23

20

57

58

19

17

16

20

59

52

 
 

July 01 2016

RIV-44.4 - TECH1

RIV-44.4 - TECH2

ROC-44.4 - TECH1

ROC-44.4 - TECH2

CHR-44.4 - TECH1

CHR-44.4 - TECH2

RIV-53.3 - TECH1

RIV-53.3 - TECH2

ROC-53.3 - TECH1

ROC-53.3 - TECH2

CHR-53.3 - TECH1

CHR-53.3 - TECH2

%

1009080706050403020100

AP

RAD

TUB
28

21

25

20

31

27

27

25

11

9

10

9

63

69

67

73

89

90

61

64

65

70

84

88

 
 

Figure 1. Percentage structure of plant biomass at the beginning of July 

 

In 2014 and 2016, the climatic conditions 

between the emergence of the plants and the 

measurements at the beginning of July were 

characterized by higher rainfall, moderate 

temperatures, shorter sunlight and higher 

relative air humidity. These conditions 

determined in the early planted crops the 

massive growth of the tubers due to the 

foliage, simultaneously with the loss of the 

foliage due to late blight attack, especially for 

Riviera variety. 

In 2014, at the time of the measurements, 

the percentage of green foliage in the total 

biomass for the Riviera variety was between 
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6.7 and 39.5%, for Roclas between 10.6 and 

39.9%, and for Christian between 29.5 and 

40.8%. 

The production of tubers was between 56.3 

and 90.9% at Riviera, 54.6 and 89.6% at Roclas, 

and at Christian between 53.6 and 63.9%. 

In 2016, the percentages determined for the 

active foliage of the plants varied between 7.9 

and 26.7% in Riviera, 7.0 and 27.0% in Roclas 

and between 20.1 and 28.1% in Christian and 

for the accumulated production between 65.2 

and 88.0% were determined in Riviera, 

between 61.1 and 90.4% in Roclas, and in 

Christian between 63.1 and 73.30%. 

In 2015, the late blight attack began only 

after measurements were taken. At the 

beginning of July, the aerial part of the plants 

represented from the total biomass between 

37.5 and 77.3% at Riviera, 37.2 and 75.6% at 

Roclas and at Christian variety between 60.6 

and 70.8%. This year, due to the short period 

of production accumulation, the percentages 

of biomass production were lower, between 

16.1 and 58.6% in the Riviera and between 

17.1 and 57.8% in Roclas. For the Christian 

variety to which the accumulation of production 

was later, the percentage of biomass production 

varied depending on the variant between 20.1 

and 28.0%.  

At the beginning of July, the percentages 

of fresh biomass components per plant did 

not differ significantly between the densities 

of 44.4 and 53.3 thousand plants per hectare. 

Also, the differences were not statistically 

assured for the TECH1 and TECH2 control 

technology (Figure 1). 

 

CONCLUSIONS 

 

In the years with favorable conditions for 

late blight the Riviera variety, sensitive one, 

the degree of attack was significantly higher 

than to Roclas and Christian varieties, with 

average score by 4.4 on July 2, 2014 and 5.4 

on June 27, 2016, compared to the scores 

determined for the less sensitive varieties, 

Roclas (1.1-2.8) and Christian (0.9-2.7). 

In 2015, favorable from the thermohydric 

point of view to the growth of the foliage and 

with reduced late blight attack, the foliage of 

the plants of the early variety Riviera was 

three times more developed compared to 

2014 and 2016, in which the late blight attack 

was very strong. 

For the middle early varieties Roclas and 

Christian, more resistant to late blight, with 

significantly richer foliage, at the beginning 

of July, when the registrations were made, 

the mass of the foliage practically doubled. 

According to the results of this study, an 

adequate planting density accompanied by an 

optimal number of treatments, depending on 

climatic conditions, are solutions for managing 

an efficient potato crop. By developing a 

proper canopy the late blight attack is 

properly managed and there is an increase in 

productivity. It also contributes to the rational 

application of fungicides, reducing costs and 

environmental pollution. 
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