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Abstract
In the microplot filed experiment in the open field in the south of West Siberia (Novosibirsk region, Russia) tomato plants of indeterminate growth type (Delta 264 cultivar) yielded  2.4 kg/m2  more fruits as compared to the tomato plants of determinate growth type (Rannyaya Lyubov cultivar) even when the growing was simultaneously terminated. Within the environmental gradient of experiment plots location there was no correlation between tomato production characteristics and soil chemical properties, most likely due to the variation in photosynthetically active radiation. The expected climate warming in the Asian part of Russia, especially due to the prolonged frost-free autumn period, will enhance the yielding advantage of tomato cultivars of the  indeterminate growth type. Thus cultivation and further breeding of such tomato cultivars for the open field production is economically quite justified and important.
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Introduction
Tomato (Licopersicon esculentum Mill.) is a globally important crop with constantly growing yields both in the main producers such as the USA, Egypt, Israel, and Turkey as well as in Russia [1, 2]. Alongside with major industrial production, small-scale cultivation on farms and vegetable gardens in open field and greenhouses is popular everywhere. Further increase in tomato yields may be achieved by introducing new heterotic F1-cultivars, so many research laboratories, including the Russian ones, are being involved in breeding tomato cultivars for open field conditions [3].
Traditionally in Russia, especially in the Asian part with its more pronounced weather fluctuations common for the sharply continental climate, tomato cultivars with determinate growth type were considered to perform better under the open field conditions [4, 5]. However, the ongoing climate warming in the region, especially due to the increase of the frost-free period in autumn, as well as the expected further warming in the Asian part of Eurasia [6] once more actualized comparison of open field performance of tomato cultivars differing in growth type.  
At the same time the increasing popularity of organic cultivation and corresponding techniques increased the awareness of the importance and implications of the overall biological production, rather than solely the consumable yields of agricultural crops, as non-consumable phytomass, both above- and belowground, which are not used as produce, fodder or raw material, account for the major part of plant biological production [7]. Tomato has received little attention in this respect [8], especially in our country in spite of the fact that with post-harvest tomato residues as much as 5 t of dry phytomass, 88 kg N, 11 kg P, 105 kg K, 219 kg Ca, 48 kg Mg and 41 kg of S may be returned per hectare of soil [9].
So currently biological potential of tomato as an open field crop is far from being fully explored and exploited, necessitating more detailed insight into its biological needs [10]. Although for several decades already researchers have been studying the effect of environmental conditions, nutrients supply  and genotypic variability of tomato plants on tomato fruits quality [11, 12], new information together with new environmental and socio-economic challenges increase the actuality and broaden the scope of such research, especially as related to functional and/or healthy fruit constituents [3, 13]. Thus it is necessary to study in more detail the interrelationship between production properties of recently bred tomato cultivars, as well as chemical and sensory properties of their fruits, and soil chemical and abiotic factors of their cultivation environment, especially in the open field of West Siberia. 
The aim of the study was to examine production properties of tomato cultivars of indeterminate and determinate growth types as well as chemical and sensory properties of their fruits, in relation to soil chemical and abiotic environment in the open field in the south of Wrest Siberia.
Materials and Methods
Tomato seedlings of Rannyaya Lyubov caltivar with determinate growth type (DGT) and of Delta 264 cultivar with the indeterminate growth type (IGT), both selected by the Central Siberian Botanical Garden (SBRAS, Novosibirsk, Russia) were transplanted from the nursery into the field on June 13-16, 2013 (being 50 days old) on 6 experimental plots in the Novosibirsk region (Russia) at a density of 1 plant per 0.25 m-2 in 4 replicates.  

Every two weeks mineral fertilizers were added as water solution at the rate equivalent to N30P30K75Mg5. Before flowering started and during the fruiting period the plants were fertilized with water solution containing 0.02-0.04 % B, Cu, Zn, Mn at the rate of 1 litre per plant. Tomato plants of both cultivars were not pinched. 
Soil samples were collected before the experiment. The contents of soil organic carbon (SOC), soil organic nitrogen (SON), exchangeable forms of macronutrients (NO3-, NH4+, P2O5, K2O) as well as рНH2O were determined by standard techniques [14]. The contents of exchangeable cations (Na, K, Ca and Mg) were determined by atomic adsorption in water extracts. Soil microbial biomass carbon (SMBC) and nitrogen (SMBN) were estimated by fumigation-extraction technique [15, 16]. The obtained data are shown in Table 1. 
Table 1. Geographical coordinates and soil chemical properties of the plots before the start of the microplot open field experiment with tomato 
	Property
	Experimental plot

	
	1
	2
	3
	4
	5
	6

	NL
	54.9648
	55.0062
	55.0128
	54.4221
	55.154
	54.9679

	EL
	83.1755
	83.3028
	82.9577
	83.1603
	83.3142
	83.2544

	Altitude a.s.l.*, m
	101
	138
	163
	200
	229
	132

	SOC, %
	3.71
	1.71
	1.35
	2.76
	1.45
	1.64

	SON, %
	0.56
	0.22
	0.27
	0.52
	0.21
	0.19

	SMBC, mg/100 g soil
	23
	14
	12
	9
	16
	30

	SMBN, mg/100 g soil
	2.8
	2.0
	1.7
	1.3
	1.0
	1.6

	SMBС/SOС, %
	0.63
	0.79
	0.91
	0.34
	1.09
	1.82

	SMBN/SON, %
	0.50
	0.90
	0.62
	0.26
	0.50
	0.85

	pHH2O
	7.51
	7.18
	7.53
	7.06
	7.40
	7.29

	P2O5, mg/kg
	3
	7
	30
	20
	9
	22

	N-NO3, mg/kg
	21
	51
	79
	16
	30
	58

	N-NH4, mg/kg
	12
	10
	12
	16
	10
	10

	К2О, mg/kg
	56
	34
	220
	36
	23
	26

	Na, mg/kg
	37
	18
	26
	27
	10
	15

	Ca, mg/kg
	103
	43
	46
	31
	66
	95

	Mg, mg/kg
	21
	10
	13
	10
	13
	9


*above sea level
Air and soil temperatures were recoded during the day on each experimental plot. Soil temperature was taken at 2 and 10 cm depths. The corresponding temperature sums were calculated as daily means multiplied by the fraction of a day accounted for by the time span from the sunrise till the sunset and then integrated over the total growing period of plants, i.e. 92 days  (Tab. 2).

Table 2. Day temperature sums of air and soil over the growing period of tomato plants cultivated in the open field in the south of West Siberia (ºС ∙ day)

	Plot
	Temperature sum

	
	air
	soil, 2 cm
	soil, 10 cm

	1
	1352
	1304
	1212

	2
	1381
	1406
	1231


	3
	1249
	1171
	1137

	4
	1410
	1470
	1294

	5
	1193
	1235
	1140

	6
	1249
	1349
	1213


Above- and belowground phytomass samples were collected at the end of the growing season, i.e. September 10-13, 2013. During the growing period tomato fruits were harvested as soon as they stopped growing and reached the stage of technical ripening, then counted and weighed. At the end of the experiment all fruits of consumable quality were collected. 
Some physico-chemical properties (pH, sugar and nitrate contents, specific gravity of juice) and sensory qualities (taste, aroma, colour) were estimated by standard techniques [17]. Lycopin content was measured spectrophotometrically [18].
The data were analysed by descriptive statistics and ANOVA by using Statistica 6.1. software. The table shows means and standard error of the mean (M ± m).
Results and discussion
The plants of both DGT and IGT tomatoes grew and produced fruits very well on all experimental sites (Fig. 1). 
Averaged over both cultivars, the fruit yield was 2.4 kg of fresh phytomass per plant (Tab.3). Such yield is very close, for instance, to the yields obtained in the greenhouse in China fertilized with 750-1500 kg N/ha and 300-600 kg K/ha [19] or in the open filed in Maryland, USA [5], exceeding the yield in the open fields in Moscow and Novosibirsk regions [20, 21]. However, the yield of tomato fruits in this study was somewhat lower as compared to the one in the open field in Spain even without mineral fertilization [22], most likely due to the longer growing period in Spain for tomato plants.
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	Fig. 1. Fruits produced by tomato cultivars Rannyaya Lyubov (A) and Delta 264 (B)


Thus during the same growing period IGT tomato plants produced 2.4 kg m-2 more fruits as compared to the DGT plants, which may be considered economically quite significant increase for small scale farms and vegetable gardens.  By the end of the growing season the IGT plants developed much (2.4 times) bigger aboveground phytomass as compared to the DGT plants (Tab. 3). The ratio of aboveground phytomass to the fruit mass was 2 times higher (p = 0.002) in IGT plants as compared to the DGT ones, which indicates that overall IGT plants needed more plant resources for fruit development. Taking into consideration the fact that conventionally under micro- and small-scale cultivation practices in Russia tomato aboveground phytomass is removed from the field, growing IGT tomato cultivars can results in higher output of mineral nutrients from soil. For instance, multiplying the aboveground phytomass obtained in this study by the micronutrient concentrations [23], the N, P and S output with aboveground phytomass of tomato can be estimated as quite substantial values of 227, 27 and 28 kg/ha, respectively. Therefore when cultivating high performance IGT tomatoes special attention should be given to composting of non-consumable aboveground phytomass of tomatoes or drilling it directly back into the soil, or other nutrient-saving agricultural techniques should be carefully considered.
Belowground phytomass, i.e. in our case living roots,  at the end of the growing season averaged 33 g (fresh mass) per plant, being 1.8 time higher in IGT plants as compared to the DGT ones (Tab. 3). The ratio of aboveground to belowground phytomass, i.e. of leaves and stems to roots, was also higher in IGT plants, which, on one hand, may reflect the intercultivar variation, and on the other hand, evidencing that environmental conditions were more favourable for the IGT plants. 

Table 3. Fruit, above- and belowground phytomass of tomato cultivars differing in growth type (fresh mass per plant, M ± m)
	Property
	Tomato cultivar

	
	Delta 264
	Rannyaya Lyubov

	Aboveground phytomass, g (AG)
	846 ± 130
	349 ± 56

	Belowground phytomass, g (BG)
	43 ± 3
	24 ± 3

	Fruits, kg (F)
	2,71 ± 0,19
	2,14 ± 0,21

	AG/BG ratio
	18,7 ± 2,0
	15,0 ± 2,4

	AG/F ratio
	0,30 ± 0,04
	0,15 ± 0,02

	The number of fruits, pcs
	45 ± 3
	44 ± 4

	Average fruit mass, g
	60 ± 3
	50 ± 3

	Maximal fruit mass, g
	157 ± 14
	143 ± 14


The average fruit mass of IGT tomatoes was 20% higher (p = 0.019) as compared to the DGT one. However, the sensory and chemical properties of fruits were rather similar (Tab. 4). 
Table 4. Some sensory and chemical properties of ripe tomato fruits (fresh mass basis, M ± m)
	Property
	Cultivar

	
	Delta 264
	Rannyaya Lyubov

	pH
	4.47 ± 0.08
	4.44 ± 0.06

	Sugar, %
	5.5 ±  0.3
	4.7 ± 0.2

	Licopin, mg/kg
	19 ± 3
	25 ± 3

	N-NO3, mg/kg
	0.64 ± 0.01
	0.55 ± 0.01

	Taste, points
	2.8 ± 0.2
	2.8 ± 0.2

	Flavour, points
	0.5 ± 0.0
	0.6 ± 0.1

	Colour, points
	1.5 ± 0.2
	1.7 ± 0.1


Statistical analysis of production characteristics of tomato plants and soil chemical properties revealed that fruit yields per plant, both in mass and number, were not correlated with soil properties (Tab. 5), namely SOC and mineral nutrients’ content and pH, which within the gradient of environmental conditions embraced by experimental plots, in general are good for normal growth and development of tomato plants. However, different location of experimental sites implies not only differences in soil and temperature conditions, but also different rates of photosynthetically active radiation reaching plants. This difference was most likely to contribute significantly into the variance of tomato production characteristics, thus shading the effect of soil properties, if any.  
The maximal sized of fruits produced by both cultivars studied was positively correlated with SOC and soil exchangeable Ca and Mg (Tab.5). The latter is in accordance with Ca and Mg stimulating effect on tomato fruiting organs and fruits, established earlier [24, 25]. 
Table 5. Correlation coefficients between tomato production characteristics, soil chemical properties, air and soil temperature sums and experimental plot coordinates
	Property
	Fruits,

mass
	Fruits,

number
	Fruit, mean mass
	Fruit,

maximal mass

	
	Delta 
	Rannyaya Lyubov
	Delta 
	Rannyaya Lyubov
	Delta 
	Rannyaya Lyubov
	Delta 
	Rannyaya Lyubov

	SOC
	0.19
	0.03
	0.50
	0.00
	-0.11
	0.13
	0.84
	0.88

	SON
	0.45
	0.23
	0.76
	0.10
	0.07
	0.34
	0.79
	0.75

	SMBС
	0.52
	0.74
	0.20
	0.79
	0.72
	-0.01
	0.64
	0.51

	SMBN
	-0.24
	-0.02
	-0.03
	0.34
	-0.20
	-0.77
	0.70
	0.76

	SMBС/SOС
	0.77
	0.82
	0.31
	0.71
	0.98
	0.30
	0.12
	-0.13

	SMBN/SON
	0.41
	0.32
	0.15
	0.45
	0.64
	-0.28
	0.04
	-0.18

	pH
	-0.22
	0.39
	-0.20
	0.67
	-0.06
	-0.63
	0.38
	0.41

	P2O5
	-0.06
	0.33
	-0.31
	0.31
	0.15
	0.00
	-0.56
	-0.61

	NO3
	0.24
	0.01
	0.43
	-0.11
	0.03
	0.16
	-0.36
	-0.51

	NH4
	0.38
	0.81
	-0.04
	0.90*
	0.70
	-0.13
	0.30
	0.17

	К2О
	-0.04
	0.22
	0.13
	0.33
	-0.09
	-0.30
	-0.08
	-0.15

	Na
	-0.62
	-0.21
	-0.32
	0.08
	-0.64
	-0.67
	0.42
	0.62

	Ca
	0.53
	0.69
	0.40
	0.73
	0.57
	0.02
	0.88
	0.77

	Mg
	0.05
	0.13
	0.44
	0.22
	-0.21
	-0.18
	0.86
	0.91

	Sum. Tair 
	-0.92
	-0.80
	-0.77
	-0.52
	-0.80
	-0.67
	-0.16
	0.11

	Sum. Tsoil 2 cm
	-0.67
	-0.63
	-0.81
	-0.51
	-0.43
	-0.28
	-0.36
	-0.14

	Sum. Tsoil 10 cm
	-0.79
	-0.61
	-0.89
	-0.43
	-0.55
	-0.40
	-0.28
	-0.02

	Latitude
	0.84
	0.54
	0.88
	0.45
	0.69
	0.23
	0.47
	0.19

	Longitude
	0.30
	-0.14
	0.15
	-0.29
	0.30
	0.38
	0.08
	0.04

	Altitude
	0.13
	-0.19
	0.15
	-0.56
	-0.09
	0.80
	-0.58
	-0.58


* Statistically significant correlation coefficients are shown in bold (p < 0.05) 

Soil microbial biomass carbon and other nutrients are considered to be an important indicator of soil quality, as this nutrient pool represents the main source of plant available nutrients due to active involvement in their mineralization [26]. Statistical analysis revealed positive correlation between SMBC/SOC ratio and DGT fruit yield and IGT mean fruit mass. So relatively increased soil microbial biomass seemed to favour tomato growth and development.
Both cultivars production characteristics showed negative correlation with air and soil temperature sums (Tab.5), which agrees with the idea that high air and soil temperatures may impede  tomato fruiting [27, 28]. During this experiment maximal day temperatures in air and in soil at 2 and 10 cm depth were 44, 42 and 26 ºC, respectively. Such temperatures exceed significantly day temperature value of 26 ºC, considered to be physiologically comfortable for tomato [27], and even slightly higher temperatures were shown to impede plant development [29].  More northerly location of experimental plots positively correlated with fruit yield, most likely because of lower temperatures. 
It should be noted that our experimental setup, namely several microplot experiments of the same layout on sites differing in environmental conditions, allowed testing tomato production properties along a broader scope of soil chemical and ecological characteristics, thus making the obtained results wider applicable. 
Conclusion 
In the open field experiment in the south of West Siberia tomato cultivar of indeterminate growth type yielded more fruits as compared to the determinate growth type cultivar even over the same length of the growing period. Thus under further expected climate warming in the Asian part of  Russia, especially because of the elongation of the autumn frost-free period, and hence the growing season for plants,  tomato cultivars of indeterminate growth type  will produce greater fruit yields as compared to determinate  growth type cultivars. So cultivation and further breeding of indeterminate growth type tomato seems economically quite reasonable for cultivation on small-scale farms and individual gardens. 
Within the gradient of experimental sites location (0,18921 NL and  0,93560 EL) the observed absence of correlation between tomato performance in the open field and soil chemical and temperature properties was most likely due to variation in photosynthetically active radiation.
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