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Impact of agronomic measures on yield and quality of organic potatoes (Solanum tuberosum L.) for industrial processing
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Abstract

Three field experiments were conducted during 2002 and 2004 on two sites in Germany in order to examine the impact of preceding crop, pre-sprouting, N- and K-fertilization and cultivar on total tuber fresh yields, tuber DM, glucose and fructose concentration, as well as the colour of crisps and the quality score of French fries at harvest and after storage. Generally, total tuber yields depended very much on the growing season. However, highest yields were obtained when horn grits were applied along with potassium sulphate. Increasing yields after cattle manure fertilization could be attributed to K rather than N. Combined N and K fertilization may cause DM concentration to fall short of the required minimum for crisps. Pre-sprouting and storage increased tuber DM concentration considerably. Cultivars belonging to the very early and early maturity type showed the largest relative increase of reducing sugars due to storage.
On the whole, results suggest that the effect of agronomic measures such as fertilization, preceding crop and seed-tuber preparation may be rather small and the response of internal tuber quality and quality of fried products difficult to predict. The quality standards for tuber raw stock can be accomplished best when adequate cultivars suitable for storage are chosen.
Introduction
Organic cultivation of potatoes for industrial processing into French fries or crisps may be a new source of income for organic farmers in European countries. For potato processing, high proportions of larger tubers are required for French fries and also for crisps. In addition, there are ranges and thresholds for tuber dry matter (DM), as well as for the concentration of reducing sugars (glucose and fructose) of tubers. Tubers should not only meet these standards shortly after harvest, but also after storage. Tuber size is mainly determined by nitrogen (N), and tuber yield response is mainly dependent on the rate at which N is released from preceding crops or organic amendments such as animal manures. Little is known about the potential interactions between N supply and crop growth as a function of seed-tuber preparation and cultivar. In organic farming, where N is usually very limited, the correlation between available potassium (K) - applied as mineral K or with cattle manure - and potato crop response may be low.
Materials and methods
Three field experiments were conducted over two and three years, on two organically managed sites (DFH: 51°4, 9°4’, BEL: 52°2’, 8°08’) in Germany in split-plot designs (Exps 1 and 2) and in a RCB design (Exp. 3) on loamy sand (Exp. 1) and silt loam (Exps 2 and 3) with factors fertilization (cattle manure, potassium sulphate, horn grits, both combined, and a control)) and cultivar (Agria and Marlen) in Exp. 1, preceding crop (oats, peas, grass-clover, winter wheat), pre-sprouting (yes or no), cultivar (Agria and Marlen) and harvest date (two early and one final) in Exp. 2, and cultivar (see results) in Exp. 3. Details on site and weather conditions, agronomic measures and statistical analysis are presented in Haase et al. (2007 a-c). Parameters discussed in this paper are total tuber fresh matter (FM) yields, tuber DM, glucose and fructose concentration, as well as the colour of crisps and the quality score of French fries. 
Results
In Exp. 1, tuber fresh matter (FM) yield was consistently and significantly increased (p<0.0001) by any fertilizer treatment as compared with the control. Combined potassium sulphate and horn grits application (PSHG) gave the strongest yield response (+6.1 t ha-1), while cattle manure (CM) and PS or HG alone did not differ significantly from each other (Fig. 1a). While in 2002, cv. Marlen yielded significantly higher than cv. Agria, the opposite was true in 2004. In 2003, total FM tuber yield (mean of both cultivars) was 31.3 t ha-1 (Fig. 1b).
Figure 1: Fresh matter tuber yields (t ha-1) as affected by (a) fertilization and (b) cultivar during 2002, 2003 and 2004 (means ± standard error)
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In Exp. 2, cv. Marlen in 2003 had higher tuber FM yields than cv. Agria in most cases at the two early harvests, while Agria gave higher yields at the later harvest (Table 1). In 2004, the positive response of tuber FM yield to pre-sprouting (PS) lasted throughout the season, but could not be established at final harvest in 2003 (Table 1). 
	  cv.
	 PS

	2003
	2004

	
	
	15 Jul
	28 Jul
	17 Sep
	28 Jul
	13 Aug
	9 Sep

	Agria
	yes
	22.6
	31.5
	39.9
	29.9
	31.1
	30.0

	
	no
	19.6
	28.2
	39.0
	26.6
	27.6
	28.1

	Marlen
	yes
	23.9
	32.5
	36.1
	27.8
	29.8
	30.7

	
	no
	21.5
	30.7
	35.2
	25.6
	27.4
	27.4

	 S. E. of mean
	0.53
	0.59


Table 1: Fresh matter tuber yields (t ha-1) as affected by pre-sprouting for two cultivars at subsequent harvests during 2003 and 2004 
At harvest in September 2004, yield increase by pre-sprouting still amounted to +2.6 t ha-1 (+2.8 t ha-1 at the end of July) (Table 1). A similar response to pre-sprouting depending on year and date of harvest was established for size-graded (marketable) yields (data not shown). Dry matter (DM) concentration of tubers was significantly affected by fertilization (Exp. 1; Table 2a), cultivar (Exps 1-3) and pre-sprouting of tubers (Exp. 2; Table 2b). Moreover, significant interactions of these treatments with the year were established. Storage increased DM concentration significantly (Exp. 1; Table 2c), in two of three experiments.
	
	cv.
	
	Pre-sprouting

	Fertilizer type (a)
	Agria
	Marlen
	(b)
	Yes
	No

	CM
	21.2
	22.5
	2003
	27.6
	27.5

	PS
	21.2
	22.7
	2004
	25.6
	24.1

	PSHG
	20.1
	22.0
	S.E. of mean
	0.11

	HG
	20.6
	23.0
	(c)
	At harvest
	After storage

	CON
	21.9
	23.5
	
	21.7
	22.1

	S.E. of mean
	0.17
	S.E. of mean
	0.08


Table 2: Tuber dry matter concentration (%) as affected by (a) fertilization and cultivar, (b) pre-sprouting and year and (c) storage (means ± standard error)
No effect of fertilization (Exp. 1) and no consistent effect of preceding crop or pre-sprouting (Exp. 2) on reducing sugar concentration (RSC) could be established, but significant (p<0.0001) interactions for storage*year were found in all experiments. 
	
	
	2003
	2004

	Exp.
	cv.
	At harvest
	After storage
	At harvest
	After storage

	1
	Marlen
	6 (70.5)
	16 (70.3)
	15 (71.6)
	66 (64.2)

	2
	
	10 (69.6)
	17 (70.1)
	27 (70.6)
	104 (65.8)

	3
	
	1 (70.5)
	2 (70.5)
	2 (71.0)
	15 (62.8)

	3
	Carmona
	2 (70.1)
	24 (62.8)
	6 (69.1)
	64 (50.8)

	3
	Delikat
	4 (67.7)
	44 (58.1)
	18 (62.7)
	113 (44.7)

	3
	Saturna
	1 (69.3)
	4 (69.2)
	5 (71.2)
	19 (62.2)

	1
	Agria
	5 (3.9)
	10 (3.8)
	15 (3.9)
	70 (3.5)

	2
	
	16 (4.4)
	28 (4.0)
	29 (3.9)
	136 (3.5)

	3
	
	1 (4.5)
	3 (3.8)
	2 (4.1)
	21 (3.5)

	3
	Premiere
	11 (4.1)
	56 (2.8)
	23 (3.0)
	90 (2.2)

	3
	Velox
	6 (3.9)
	39 (2.6)
	21 (3.3)
	102 (2.6)

	3
	Camilla
	2 (3.6)
	10 (3.8)
	11 (2.9)
	72 (2.4)

	3
	Freya
	2 (4.1)
	3 (3.6)
	3 (3.8)
	24 (3.2)

	3
	Marena
	2 (4.1)
	3 (4.0)
	2 (3.7)
	11 (3.5)


Table 3: Tuber reducing sugar concentrations (g kg-1 FW), crisp L-values and French fry quality scores (in italics), respectively (both in brackets) as affected by storage and cultivar during 2003 and 2004 (means ± standard error)
For the 2003 crop, RSC increased during storage (Exp. 1-3), but was still very low after four months of storage (8°C). In 2004, the RSC at harvest was comparatively higher than in 2003, and increased during storage appreciably (Table 3). The response of French fry quality score (mean of weighted characteristics colour [2x], texture [3x] and taste/odour [5x]) was mostly affected by storage (Exp. 1-3) and, additionally, interactions for cultivar*storage (Exp. 3) occurred. For crisp quality, significant interactions for storage*year (p<0.0001) were established. Lighter crisps (higher L-values) were assessed after winter wheat than after the two leguminous crops (data not shown), while after oats L-values were lower than after grass-clover.
Discussion
The positive response of tuber FM yield to cattle manure application in one of three years could be traced back to the increased supply of K, and – possibly a more balanced nutrition with regard to N and K. This suggestion is further strengthened by the profound effect of combined K and N fertilization(PSHG) on FM tuber yield compared with sole application of N (HG) and K (PS) (Fig. 1a). Results show clearly that performance of cultivars may vary considerably between the years (Fig. 1b) and seems to depend on the length of the growing season which - in organic potato cropping – is often shortened by late blight (Phytophthora infestans). Pre-sprouting could be shown to promote early tuber yield formation and DM accumulation and thereby reduce the risk induced by P. infestans, like in 2004. Results show that tubers from organic potato cropping may be expected to have sufficiently high tuber DM concentrations for processing into French fries (>19%). However, DM concentrations of tubers may fall short of the minimum of 22% required for crisps when a combined N and K fertilizer is applied. Results give evidence that the development of reducing sugars cannot necessarily be foreseen from the initial reducing sugar level at harvest. Moreover, sugar accumulation during storage seems to be mainly cultivar-specific. The marked increase due to storage for very early and early cultivars suggests that reducing sugars accumulation may strongly depend on maturity type. Throughout the experiments, results confirmed that the individual growing season has a tremendous impact on both, the initial level of reducing sugars and the increase of reducing sugars during storage. The medium-early cv. Agria and medium-late Marena proved to be well suited for cultivation of organic potatoes for French fries. Even in the season with marked quality losses due to storage, the quality score did not fall below the threshold of 3.5. There was no consistent response of crisp colour to an increased N supply brought forth by leguminous preceding crops or fertilization with horn grits. Even though L-values were significantly reduced by grass clover and peas, preceding crops do not seem to have any relevance to marketability of crisps. Overall, the results indicate that final product quality is much more influenced by growing season, storage and cultivar than by fertilization, preceding crop, or pre-sprouting. 
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