Effect of Sustainable Agricultural Practices on Control of Potato Scab in Croatia

	M. Poljak,  T. Horvat and D. Nemet

Faculty of Agriculture University of Zagreb

Department of Plant Nutrition

Svetošimunska cesta 25, Zagreb 10000
Croatia
	I. Buturac 

H.Z.P.C. d.o.o. 

Saršoni 4, Viškovo 51216 

Croatia




Keywords: Streptomyces scabies, chicken manure, foliar fertilization, manganese, calcium, boron

Abstract

The potato production in Croatia usually is organized on private farms on small fields with different soils and production techniques. One of regions, with greatest potato production is Međimurje. Most of producers in this region plant potato more than twice time on same field or have very narrow crop rotation. Most of soils in region show acidic reaction and usually farmers apply different materials like limestone or hydrated lime to reduce soil acidity, but without any lab control or recommendation. Soils with this management practice show drastic “common scab” infections if soil moisture during tuber bulking is low. So, we were conducted field trials on private farm in Belica. Trial was set up on acidic soil (pH 5.1) during 2003 to 2005 growth season and maize (Zea mays L.) was previous crop. The aim of research was to investigate the effect of immature chicken manure (20.0 t ha-1), hydrated lime (2.5 t ha-1) and foliar fertilizer application of Epsom salt (16% MgO,  13% S) (25 kg ha-1) on intensity of common scab infection on different cultivars (cv. Courage and cv. Desire). Trial was set up as split plot design in for repetition. All plots were fertilized by 148 kg N ha-1, 147 kg P2O5 ha-1 and 205 kg K2O ha-1 as recommended by lab. Each of trials had standard practices of weed, pest and disease control. Trial results show that Desire had significant higher percent of infected tubers with higher intensity of infection than Courage. In wet season 2004 there is no evident on scabies infection. Differences between treatments are not significant but lime addition increases scab. By foliar application of Epsom salt, intensity of scab can be slightly reduced.

INTRODUCTION
Common scab of potatoes is caused by Streptomyces scabies, a very prevalent, soil-inhabiting bacterium. This serious disease can be found in all potato-growing areas throughout the world. Common scab is economically important disease of potato in many parts of the world (Lambert and Loria, 1989). The major loss from common scab is lower market quality because tubers are unsightly and have poor customer appeal. Where scab is severe, yields also may be reduced (Simmons, et. al. 1988; Waterer, 2002; Pavlista, 2007). Common scab was found to be sensitive to soil pH and to have an optimal pH range of 5.4 to 7.4 for activity and infection of potato tubers (Keinath and Loria, 1989). Changing soil pH out of the common scab range by acidifying with sulphur (Mondy et al., 1987; Pavlista, 2007) or by fertilizer application (Davis et al., 1976a; Heckman et al., 1999) can be used to control scabies incidence. Reporting preliminary data on the cultivar Atlantic on acidic soil, Hammerschmidt and Vitosh (1987) reported yield increases and reduction in common scab with ammonium sulphate applied at 128 kg S ha–1. Liming or other practices that raise pH within the 5 to 7 range increase common scab severity (Lambert and Manzer, 1991). Nutrient levels can also affect the development of disease. High ratios of calcium to potassium (K) can increase disease incidence, as can high nitrogen (Houghland and Cash, 1956; Hooker, 1981). Resistance/tolerance is available for this disease (Davis, et.al. 1976a). Russet Norkotah and W-1151R tended to show more scab with the more recent manure applications (p=0.14) in 2001, but not in 2002 (Curless et.al. 2004). However, there is an increasing interest in using cultural methods in disease control as alternatives to chemicals (Lazarovits, et al. 2001).  The use of manure gives inconsistent results in potato scab control and depends on varieties resistance (Curless et al., 2004). Recently, the disease became dreadful for the crop production in Croatia, where a considerable loss in potato yield has been reported (M. Poljak, pers. commun. 2007). Therefore, there is an urgent need to investigate the potential suppression of some cultural practices on the development of common scab diseases in potato. This paper reports on 3 field experiments that investigated the effects of current season application of hydrated lime, immature chicken manure and Epsom salt on total yield, yield of graded tuber per size and scab index on two potato cultivars grown in slightly acid soils.
MATERIALS AND METHODS

Three field experiment, were conducted in the spring 2003, 2004 and 2005 at the commercial potato fields in Belica, Croatia. The experimental designs used were a split plot with four treatments as main plots and cultivars as split plots. The treatments were untreated control, 20 t/ha immature chicken manure, 2.5 t/ha hydrated lime (Ca (OH) 2) and 25 kg/ha Epsom salt as foliar spray. The cultivars grown were Desire and Courage. The treatments were replicated four times. To characterize the soil in each season, 20 cores were collected to 0-30cm depths. The soil type was silt loam with initial pH (H2O) 5.1 and pH (KCl) 4.3. Plots were than marked out. Immature chicken manure (37,5% dry matter, 3,8% N, 2,4% P and 2,9% K) and hydrated lime (> 95% CaO) was hand applied broadcast as a pre plant amendment on 5,8 x 10 m plot size. The plots were then immediately roto-tilled to a depth of 15 cm. Epsom salt (16% MgO, 13% S) as 5% solution was spread five times in season in ten days period, two times before and three times after flowering. Potato tubers were mechanically planted by the growers (four rows per plot per cultivar). All plots received the same amount of N-P2O5-K2O at the rates the farmers used for the rest of the fields. Rates applied were 700 kg/ha of NPK 7-20-30 before planting and 350 kg/ha calcium ammonium nitrate + 3% MgO at hilling time (50 days after sowing) as side dress application. The cultivation, weed, pest and disease control were carried out by the grower. Previous crop was maize (Zea mays L.). At the end of season in September, all tubers from the two middle rows were harvested mechanically sorted and total yield per plot (20 m row) was determined by weighing tubers. Before that, tubers from 2 middle rows, 2m long and located in the centre of the plot, were dug by hand, sorted and washed. An unbiased sample of 20 tubers with a diameter of 3.5 cm or greater from each treatment plot were chosen at random and rated for scab severity on a scale of 0 - 4 based on the percentage of tuber surface covered with scab lesions where 0 = no lesions; 1 = 1-5% of the surface area of the tuber affected; 2 = 5-10% affected; 3 = 10-15% affected; 4 = > 15% affected. The effects of applied treatments on scab index, total tuber yield and yield of graded tubers were determined by ANOVA and Duncan’s multiple range test (DMRT) were calculated at P=0.05. The weather conditions were measured during each season over potato vegetation. The total precipitations were 169.8mm and 181.3mm in 2003 and 2005, respectively. At same time, the maximum air temperature was 30.25, 28.39 and 31.22oC at the June, July and August, respectively. The precipitation during tuber bulking period in 2004 growing season was 243.4 mm and maximal air temperature were 20.5, 24.4, 16.7 and 28.3oC in May, June, July and August, respectively. In general, the 2004 year was wet and 2003 and 2005 were dry and warm.
RESULTS AND DISCUSSION
Total tuber yield

There were no differences among five treatments in total yield and yield of graded tubers per size (Table 1). The magnitude of the yield responses to treatments was greater in 2003 than in 2005. The reason was almost 10 t/ha lower yield on control plot in 2003.  The plots treated with chicken manure produced highest yields while the yields of all other treatments were nearly identical. That effect can be attributed to higher nutrient availability released by manure microbial decomposition. Lime treated plots shows increase in yield respectively to control plot, but less than manure application. Relatively small dose of applied lime was not able to made changes in pH of soil and increase yield. In our study pH values for the control plots and for plots treated with lime were in the range 5.1-6.3. Sparow et al., 1993 reported that application of 40 t/ha lime increased tuber yield from 50.3 to 52.7 t/ha as result of increased pH from 6.3 to 7.1. Result of this study are close to report from Bolton, 1977 who was reported that total tuber yield was not affected by liming if a complete N, P, K  and Mg fertilizer was applied. The effect of Epsom salt in comparison to control plots was lower than lime or manure treated plots. The treatment x cultivar interactions was not significant in any experiment, showing that treatment did not affect tuber yield response to cultivar. In the experiments, neither the treatment nor cultivar significantly affected graded tubers yield (Table 1, Figure 2). The cultivar Desire produced higher yield than Courage in two of three years, but not significantly (Figure 1). Yields were lowest in 2003 probably as a reflection of unfavorable weather conditions for much of the growing season. In a same time, those conditions are favorable for scab infection. The best yield was obtained in 2004. 
Yield per tuber size

The treatment x cultivar interactions was significant in experiments conducted in 2003 and 2004, showing that treatments affect tuber yield per size response to cultivar. The Desire has higher yield of tubers graded as small (< 35 mm) and large (> 55 mm) than Courage (Figure 2). From other side, Courage has significantly higher yield of tubers graded as medium (35-55 mm). Application of manure, lime and Epsom salt were increased yield of large tubers on both cultivars compared to control but differences were nearly identical (Table 1). In the same time, lime application significantly decrease yield of small and medium tubers compared to control and manure treatment on Desire cultivar. Ozgen et al. 2003 reported that supplemental calcium, in pot trial, increased percent of total yield from grade A tubers while total yield was unaffected.
Scab index

There were no differences among four treatments in scab index in 2003 and 2005 experimental years (Table 2). The plots treated with hydrated lime had uneven lowest scab index (4.0) in 2003 but this is not proven in 2005. This effect is an opposite of the report Lambert and Mazner, 1991, who suggest that lime application increases scab severity and reduce the yield. This could be attributed to the fact that application of 2.0 t/ha hydrated lime did not increase pH more than is observed on control plot. There is no clear evidence on role of treatments in control of scab severity, because result is not replicable. Potato cultivars respond differently to common scab infection. There were significant differences among cultivars used in trial only in 2003. Desire had for time higher scab index than Courage varieties even on control plots (Table 1). This means that variety have great influence on scab incidence together with soil pH and weather condition. In 2004 scab severity was not indicated except on a few tubers. Probably, the soil and weather conditions were unfavorable for tuber infection. Moist soil conditions during the early part of the growing season and especially during tuberisation did not favors extensive scab development. Highest, significant scab index were found on Desire on plots treated by manure and Epsom salt. It means that foliar application of sulphur not suppress tuber infection such as proved by soil application in reports of Hammerschmidt and Vitosh, 1987, Mondy et al., 1987 and Pavlista, 2007. The obtained results indicate that manure in combination with cultivar most considerable increase the occurrence of common scab. This could be attributed to fact that fresh immature manure was used. Significant difference to scab incidence among cultivars induced losses in yield of marketable tubers. These losses could be attributed to changes in cultivars and prolonged dry periods during each of the past three growing seasons, particularly during early tuberisation, that favors scab development. 
CONCLUSIONS


The application of hydrated lime, immature chicken manure and Epsom salt was ineffective to improve yield and tuber size or to control scab incidence. Interaction treatment x cultivar was effective in decreasing yield of small tuber size by application lime, manure and Epsom salt on Desire cultivar. Manure application was effective to increase yield of medium sized tubers even more than Lime or Epsom salt do. Desire was more sensitive to scab infection than Courage. Interaction effect shows that application of immature chicken manure increases scab incidence on both cultivar. Since chemical and cultural management techniques are only partially effective in controlling common scab, additional emphasis needs to be placed on developing cultivars with greatly improved scab resistance. Developing commercially acceptable cultivars with high levels of scab resistance would be a benefit to both processing and fresh markets.
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Tables
Table 1. Effect of treatment and cultivar on potato total tuber yield (t/ha) and yield per tuber size in 2003 and 2005 season, Belica, Croatia.

	 
	2003
	 
	2005

	
	Cultivar
	 
	
	Cultivar
	

	Treatment
	Desire
	Courage
	Mean
	 
	Desire
	Courage
	Mean

	
	Total yield

	Control
	25.0 a1
	32.0 a
	28.5 A
	
	38.0 a
	37.8 a
	37.9 A

	Manure
	29.4 a
	37.8 a
	33.6 A
	
	42.0 a
	40.9 a
	41.5 A

	Lime
	29.5 a
	37.9 a
	33.7 A
	
	44.3 a
	34.7 a
	39.5 A

	Epsom salt
	33.0 a
	39.5 a
	36.3 A
	
	36.6 a
	37.2 a
	36.9 A

	Mean
	29.2 A
	36.8 A
	
	
	40.2 A
	37.6 A
	

	
	Tuber size < 35 mm (small)

	Control
	4.8 a1
	3.4 ab
	4.1 A
	
	1.2 a
	1.5 a
	1.3 A

	Manure
	2.6 b
	4.1 ab
	3.3 A
	
	1.2 a
	1.6 a
	1.4 A

	Lime
	2.7 b
	4.4 a
	3.6 A
	
	1.5 a
	1.7 a
	1.6 A

	Epsom salt
	3.2 b
	3.1 ab
	3.2 A
	
	1.4 a
	1.5 a
	1.5 A

	Mean
	3.3 A
	3.8 A
	
	
	1.3 A
	1.6 A
	

	
	Tuber size 35 - 55 mm (medium)

	Control
	13.0 bc
	17.2 a
	15.1 A
	
	3.8 a
	4.6 a
	4.2 A

	Manure
	16.1 ab
	13.4 bc
	14.8 A
	
	4.4 a
	3.9 a
	4.2 A

	Lime
	12.6 c
	15.9 abc
	14.3 A
	
	3.7 a
	4.9 a
	4.3 A

	Epsom salt
	13.1 bc
	13.6 bc
	13.3 A
	
	4.4 a
	4.7 a
	4.6 A

	Mean
	13.7 A
	15.0 A
	
	
	4.1 A
	4.5 A
	

	
	Tuber size > 55 mm (large)

	Control
	7.2  a
	11.4 a
	9.3  A
	
	33.0 a
	31.8 a
	32.4 A

	Manure
	10.7 a
	20.4 a
	15.5 A
	
	36.4 a
	35.4 a
	35.9 A

	Lime
	14.1 a
	17.6 a
	15.9 A
	
	39.0 a
	28.0 a
	33.5 A

	Epsom salt
	16.8 a
	22.8 a
	19.8 A
	
	30.8 a
	30.9 a
	30.8 A

	Mean
	12.2 A
	18.0 A
	 
	 
	34.8 A
	31.5 A
	 


1 Means separation at 5% level (DMRT); capital letters between mean values, small letters interaction (cultivar x treatment).
Table 2. Effects of cultivar and treatments on scab index in 2003 and 2005 season, Belica, Croatia.

	
	2003
	
	2005

	
	Cultivar
	
	
	Cultivar
	

	Treatment
	Desire
	Courage
	Mean
	
	Desire
	Courage
	Mean

	
	Scab index1

	Control
	8.5  ab2
	2.8 bc
	5.7 A
	
	7.8 a
	9.0 a
	8.4 A

	Manure
	9.3  a
	3.6 bc
	6.4 A
	
	6.7 a
	7.1 a
	6.9 A

	Lime
	5.8  abc
	2.2 c
	4.0 A
	
	8.6 a
	8.6 a
	8.6 A

	Epsom salt
	10.1 a
	2.3 c
	6.2 A
	
	7.7 a
	9.3 a
	8.5 A

	Mean
	8.4 A
	2.7 B
	
	
	7.7 A
	8.5 A
	


1 Scab index = sum of ratings (1 = none, 4 = severe)/total number of tubers rated.

2Means separation at 5% level (DMRT); capital letters between mean values, small letters interaction (treatment x cultivar).
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Figures 1. Total tuber yield of potato cultivars Desire and Courage in 2003, 2004 and 2005 experimental year, Belica, Croatia.
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Figure 2. Total tuber yield and yield per tuber size of potato cultivars Desire and Courage, Belica, Croatia, 2004.

