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Abstract
Global climate changes have enabled the expansion of tropical and subtropical crop cultivation in areas with a moderate climate. The aim of the study was to determine the possibility of cinnamon yam (Dioscorea oppositifolia L.) production, using three growing systems. Seedlings were grown in a heated greenhouse and planted to the open field in the first week of May. Conventional technology, which involves free development of tubers in the soil, was used as a control. The other treatments were planting in channels buried in the soil at the angle of 25° and in vertical peat-filled basins placed at the soil surface. Depending on the applied growing system, plant density was between 5.5 plants per m2 in conventional technology and 9 plants per m2 in vertical basins. Developed tubers were significantly different in length, which ranged from 0.36 m in conventional technology to 0.95 m in vertical basins. The greatest diameter of basal part (8.6 mm) was observed with the tubers grown in the channels and was significantly greater than the others. Tubers with the lowest weight (149.7 g) were produced by the conventional method, while the highest tuber weight (225.1 g) was achieved in vertical basins. Tubers grown in the vertical basins had similar weight, with less variability as shown by standard deviation value (19.5 compared to 41.5 and 58.6 for the control and channels). The highest yield (2.03 kg·m-2) was achieved in the vertical basins and was significantly higher than yields gained by other technologies. Beside plant density, which is higher than at the other growing systems, the higher tuber mass and length contributed to achieving the highest yield in vertical basins.
INTRODUCTION

Cinnamon yam (Dioscorea oppositifolia L.) is a vegetable species commonly grown in the tropical and subtropical regions, and it is used for food by more than 200 million people as well as more specialist uses in the pharmaceutical industry. A yam is usually grown from seedlings produced from aerial bulbils in the greenhouse. Young plants are then planted in the open field when risk of frost has ended. Since the tuber penetrates deep into the soil and direct planting cause large losses during digging, new growing technologies of cinnamon yam are needed. 

The aim of this study is to determine the tuber yield components with different growing technologies.

MATERIALS AND METHODS

The study was conducted at the trial field of the Vegetable Crops Department in Zagreb (45° 49' N, 16° 02' E) during 2007. The objective of the field trial was to determine yam yield as affected by cultivation technology. Plants were planted in channels, plastic basins, and directly into the soil (control) in a randomized complete block design with 3 replications. Channels were 1 m long and 20 cm in diameter. They were laid in the soil with a slope of 25º and covered with black polyethylene (PE) film. Plastic basins were 1 m high and 40 cm in diameter. They were placed on the soil, filled with a mixture of substrate (Klasmann Potgrond H) and garden soil. After planting, plants were supported with 2 m long plastic stakes. 

Plant density varied for the different growing technologies. Planting directly into the soil and into the channels resulted with a plant density of 5.5 plants m-², while planting into the basins resulted with 9 plants m-².
Seedlings were grown in a greenhouse at an average temperature of approximately 27 ºC and relative air humidity of approximately 85%. Air bulbils were planted on March 6th in the 0.5 L pots filled with Klasmann Potgrond H substrate with a pH between 5.5 and 6.5. Planting in the open field was carried out on May 8th. The soil was mulched with black PE-film. Plastic stakes, 2 m long were positioned near to each plant grown in the soil or in the channel. Two stakes were placed in each basin for plant climbing.
During the summer period irrigation with 20 to 25 L·m-2 per week was done. There was no additional fertilization or pesticide application during the growing period. Cinnamon yam flowered periodically in July, August and September. During the growing season hand weeding between PE-film strips was carried out twice.

Manually digging of tubers was performed on September 20th due to initial leaf senescence. The tuber length, basal and top diameter, weight and yield were analyzed.
Statistical analysis of recorded yield components was performed using analysis of variance (ANOVA), and average values were tested by LSD test at a significance level p≤0.05 and p≤0.01. Average values with standard deviations were obtained.
RESULTS AND DISCUSSION

Air bulbils for seedling production were collected from one year old plants in 2006 and stored until sowing in 2007. Seedlings were developed from air bulbils for two months. Compared to the first growing season, larger bulbils are developed during the second and the third growing season of yam plants (Main et al., 2006). Bulbils size and yield could be also promoted by the growth retardant application (Kim et al., 2003).
The growing period of cinnamon yam from planting to digging in 2007 lasted for 164 days. This is in accordance with Marcos et al. (2009) who determined that growing period among planting dates varied from 3 to 6 months, with the longer periods corresponding to the earlier planting dates. The yam development was mostly dependent on photoperiod and to lesser extent on temperature. 

The rainfall during the summer months varied considerably. The lowest rainfall in one week (0.3 mm) and during one month (4.8 mm) was recorded in May (Fig. 1). The highest rainfall was recorded in August, 17.5 and 29.9 mm, respectively. Total rainfall during the growing period amounted to 91.6 mm. Since the rainfall was unevenly distributed and it was determined that yam yield is reduced when rainfall is less than 600 mm (Rubatzky and Yamaguchi, 1997), it was necessary to irrigate it periodically during the growing period. 
Average monthly temperatures ranged from a minimum of 15.1 °C (in September) to a maximum of 22.9 ºC (in July). The minimum average daily temperatures ranged from 10.7 ºC in September to 16.3 ºC in June. The maximum average daily temperature ranged 21.3 ºC in September to 30.3 ºC in July (Fig. 1). According to Ngue Bissa et al. (2007), an average temperature between 23 and 25 ºC is optimal for yam growth and development. Comparing these temperatures with the ones during the field trial it could be concluded that the average monthly temperatures during the experiment were below optimal values for yam growth.
Highly significant difference in tuber length was explained by the growing system. The highest tuber length was recorded at plants which were planted in the basins (94.5 cm), while the control plants developed the shortest tubers (36.0 cm). Tubers grown in the channels had the average length of 50.6 cm (Fig. 2). Tubers grown in the channels were very uneven in length, which gave a standard deviation of 17.5. The standard deviation of 3.0 and 4.7 was recorded for basin and soil growing system, respectively. 
The average basal diameter of the tubers (Fig. 3) grown in the channel was 8.6 mm, and it was statistically higher than basal diameter of the tubers grown in the basin (5.5 mm) and in the soil (5.4 mm). From these data, it can be concluded that a change in the basal diameter was caused with tuber base bending during adjustment to the growth direction change. The highest standard deviation (1.55) was recorded for the basal diameter of tubers grown in channel. 

The average top diameter of tuber varied between 19.6 mm for tubers grown in the channels and 23.3 mm for tubers grown in the basins (Fig. 3). Standard deviation for top diameter of tubers grown in soil was 4.45 and indicated that these tubers have a very uneven top diameter. At the same time the standard deviation for top diameter of tubers grown in the channels and basins was amounted to1.98 and 1.74, respectively.
The experiment showed that there are minor differences in the average weight of tuber due to the growing system but these differences were not significant. Figure 4 shows that the highest tuber weight (225.1 g) was achieved with cinnamon yam growing in the basins. The average weight of tuber grown in the channels was 177.3 g, while the lowest weight was 149.7 g and it was achieved by the soil growing system. The standard deviation for tuber weight achieved by channel growing system was 58.63 and indicated that the tubers grown in a channel had very unequal weight. Uneven weight of tubers was also recorded for the soil growing system (st. dev. = 41.48). The tubers grown in the basins had the lowest variation in weight (st. dev. = 19.47).

Significantly lower yield of yam tuber (Fig. 5) was achieved by cinnamon yam grown in the channels (886.4 g·m-2) and in the soil as control (823.2 g·m-2), than by growing in the basins (2026 g·m-2). The higher tuber yield achieved by the basin growing system is due to the higher plant density, longer and heavier tubers. The highest standard deviation (293.17) was determined for the yield of tubers grown in the channel, while the lowest one (175.21) was determined for tubers grown in the basins.
About 12 tons per hectare is the worldwide average production, but intensive cultivation easily surpasses that level and yield could exceed 40 tons per hectare (Rubatzky and Yamaguchi, 1997). The yam yield between 8.23 and 20.26 t ha-1, achieved in this experiment by different growing technologies was in accordance with the yield (from 3.28 to 19.72 t ha-1) achieved by Kim et al., (2005). Diby et al. (2004) tested different Dioscorea species grown at different soil types with and without fertilization and achieved yield between 10.2 and 51.5 tons per hectare. Ernest and O'Sullivan (2004) determined that staking system did not affect the yield while application of NPK fertilizer increased yield by 50 % (from 18.6 to 27.9 tons per hectare). Contrary, Asiedu and Sartie (2010) stated that staking may increase tuber yield, but the cost of stakes and the labor for their placement may render the practice uneconomic.
CONCLUSIONS

The growing system significantly affected cinnamon yam tuber quantitative traits: length, basal diameter and yield.
The smallest length and tuber weight was achieved by plants planted into the soil. One of the reasons for such results is difficult tuber digging because the soil was compacted and the tuber is reaching deeper into the soil.
The biggest basal diameter was observed in plants that were planted into the channels, while the plants grown in the basins and directly in the soil had smaller diameters. This can be explained by the fact that the planting in the channels divert root, which causes callous tuber base.

Plants grown in the basins achieved the highest tuber length (0.95 m), weight (225.1 g) and yield (2.03 kg·m-2) compared to the other two growing systems. Beside that, tubers grown in the basins are the easiest to dig out and the highest plant density could be achieved (90000 plants per hectare).
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Fig. 1. Climatic conditions during the cinnamon yam vegetation, 2007
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Fig. 2. Length (cm) of yam tubers at different growing systems
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*Columns marked with the same letters are not significantly different according to the LSD test at significance level of p≤0.05
Fig. 3. Basal and top diameter (mm) of yam tubers at different growing systems
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Fig. 4. Weight (g) of yam tubers at different growing systems
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*Columns marked with the same letters are not significantly different according to the LSD test at significance level of p≤0.05
Fig. 5. Yam tubers yield (g per m2) at different growing systems
