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Thornless and early-ripening blackberry cultivar 
‘Ningzhi 2’ W.L. Wu, L.F. Lyu, W.L. Li, C.H. Zhang and H.Y. Yang Institute of Botany, Jiangsu Province and Chinese Academy of Sciences, Nanjing, China. 
Abstract 

‘Ningzhi 2’ is a new floricane-fruiting blackberry cultivar (Rubus sp.) released by 
the Institute of Botany, Jiangsu Province and the Chinese Academy of Sciences, and 
certificated by Jiangsu Provincial Committee of Crop Cultivar Authentication in 2011. 
The cultivar is a hybrid of ‘Triple Crown’ × ‘Navaho’, with prominent characters such as 
wide adaptability, vigorous growth, an erect habit, high yield, early ripening, bright 
fruit color, moderate fruit size, rich fragrance and thornlessness. It has been grown in 
Jiangsu province of China. 
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INTRODUCTION Blackberry was introduced into China from western countries by the Institute of Botany, Jiangsu and the Chinese Academy Sciences in 1986 (Wu and Gu, 1994; He et al., 1998; Sun et al., 1998). Some cultivars were tested in production fields in Jiangsu (Wu et al., 1995; Wang and Li, 2000; Li et al., 2003; Wu et al., 2007; Li et al., 2007; Lyu, 2008). The breeding program at the Institute was started a few years later. Its goal is to develop commercial cultivars with advantageous traits, such as thornless, high yield, good quality and better adaptability. By using an induced primocane mutation of cultivar ‘Boysenberry’, a thornless cultivar ‘Ningzhi 1’ was obtained in 2010, which was the first independently-bred blackberry cultivar in China (Zhang et al., 2013). ‘Ningzhi 2’ (Figure 1) was selected from a cross between ‘Triple Crown’ and ‘Navaho’ and its development and performance in regional tests are reported. ‘Triple Crown’ was selected from the cross ‘SIUS 47’ × (‘Darrow’ × ‘Brazos’), and released by the US Department of Agriculture in 1996 (Galletta et al., 1998). It is an excellent thornless cultivar with good flavor, high yields and vigorous growth. However, freeze injury of basal branches appeared in winter and the yield fell below 800 kg acreage-1 in China. ‘Navaho’ was selected from the cross (‘Thornfree’ × ‘Brazos’) × (‘Ark-550’ × ‘Cherokee’) at the University of Arkansas in 1988 (Moore and Clark, 1989). ‘Navaho’ has a sweet flavor and has firmer fruit, a longer shelf-life (14-21 d) and better winter hardiness than ‘Triple Crown’ but its berries are smaller (3.5-4.0 g) and economic life is shorter in China. 
MATERIALS AND METHODS The hybrid cross was made in 2002 using ‘Triple Crown’ as the female parent and ‘Navaho’ as the male parent (Figure 1). At full bloom, 100 ‘Triple Crown’ flowers were emasculated for crossing by pollen from ‘Navaho’. From the 95 resulting fruits, 5140 seeds were obtained. The air-dried seeds were scarified with H2SO4, cold-moist stratified for two months, and finally sown in early spring of 2003. In the following year, 68 thornless hybrid seedlings were obtained. These seedlings were then planted in breeding nursery in 2004. A selection, 03-10, was made based on regular monitoring the characters such as growth, yield and fruit from 2004 to 2005. More than 500 clones were then obtained by rapid propagation with tissue culture and layering in 2005. Regional test and cultivar test were separately carried out at the Institute’s breeding nursery and test site in Lishui. In 2008, fruit was harvested from trials in Nanjing (long. 32°03’N; lat. 118°50’E), Lishui (long. 31°28’N; lat. 119°07’E) and Ganyu (long. 32°03’N; lat. 118°54’E). ‘Triple Crown’, ‘Hull Thornless’, ‘Chester Thornless’ and ‘Navaho’ were also included in the trials. To provide useful information for 
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cultivar release, relevant materials were organized according to the results of the regional test and productive test. 

 Figure 1. Breeding process of ‘Ningzhi 2’. Comparative regional adaptive tests of two-year-old tissue culture plants of ‘Ningzhi 2’ (03-10) were done, using two-year-old cutting propagated plants of ‘Triple Crown’ and ‘Navaho’ and one-year-old tip layered plants of ‘Hull Thornless’ and ‘Chester Thornless’ as control. The soil of the blackberry breeding nursery in Nanjing was subacid (pH 6.20) and poor, 
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and the fertility was characterized by 11.25 g kg-1 organic matter, 1.24 g kg-1 total nitrogen, 7.54 mg kg-1 available phosphorus and 62.21 mg kg-1 available potassium. The test site in Lishui was barren and hilly with alkaline clay (pH 7.52) soils, the contents 11.67 g kg-1 soil organic matter, 1.07 g kg-1 total nitrogen, 9.83 mg kg-1 available phosphorus and 124.21 mg kg-1 available potassium. ‘Ningzhi 2’ and each control cultivar were planted in the blackberry breeding nursery in Nanjing in the early spring of 2007. In the test site in Lishui, the trials areas of ‘Ningzhi 2’ and each control cultivar were 1.5 and 0.5 acre, respectively. All of the cultivars were planted in plots at spacing of 1.5 m between plants and 2.0 m between rows. The plants were cultivated, fertilized, and drip-irrigated using standard practices. The cultivars were tipped in summer around 1.0 m high. Canes were tied to the trellis and pruned moderately in winter. Before pruning the cane numbers, diameter and length of 20 randomly selected plants were determined. Fruit ripening period was calculated according to the appearance dates of the first fully colored fruit and the last ripe fruit. During the harvest season, the fruits were harvested every 2-3 d, and the yield of each cultivar was determined. The number of fruit in 500 g of mature fruit randomly picked from each harvest was counted. The average fruit weight was calculated based on the total fruits and the average weight of each batch using a weighted method. Forty mature fruits were randomly selected to measure fruit length, diameter and number of drupelets. A 1000-g sample of ripe berries were randomly selected and frozen at -18°C for determination of nutritive constituents and evaluation of aromatic properties. Soluble solids were determined by hand-held WYT-A-type saccharimeter (ATAGO PAL-1) on thawed frozen samples. Total acid content (citric acid) was determined by automatic ZD-2 potentiometric titration (Shanghai Jinmai Instrumentation Co., Ltd.). Determination of total anthocyanin content in the fruit was performed by pH-differential spectrophotometer (Elisia et al., 2007). The experiment was arranged as a completely randomized design with ten two-plant reps per cultivar. Data analysis was performed using general linear model (GLM) procedures. Tukey’s Studentized Range (HSD) test was used to separate treatment means at the 5% level of confidence. Statistical analyses were carried out using SAS (version 8.0) (SAS Institute, Cary, NC). 
RESULTS AND DISCUSSION 

Growth performance The number of the branches in each plant of ‘Ningzhi 2’ was nearly same as that of ‘Hull Thornless’, and significantly more than ‘Navaho’, but less than ‘Triple Crown’ and ‘Chester Thornless’ (Table 1). The branch diameter and length was similar among all three cultivars. Table 1. Growth performance of ‘Ningzhi 2’ and control cultivars. 
Branches Ningzhi 2 Triple Crown Navaho Hull Thornless Chester Thornless 
Number 36.96 b 42.65 a 28.40 c 39.75 b 45.40 a 
Diameter (cm) 0.66 0.70 0.62 0.70 0.71 
Length (m) 1.18 2.24 1.11 1.37 1.20 

Means in a row followed by different letters are significantly different at the P≤0.05 level, LSD. 

Fruit maturity period and yield The fruit harvest season for ‘Ningzhi 2’ was consistent with that of ‘Navaho’ (Table 2). They were both early ripening cultivars and about a week earlier than ‘Hull Thornless’. They began to mature in early June and ended in mid-July with a harvest duration of 36-38 d. The fruit yield per plant of ‘Ningzhi 2’ in Nanjing and Lishui was comparable to ‘Navaho’, considerably higher than ‘Triple Crown’, but was less than that of ‘Hull Thornless’ and ‘Chester Thornless’. 
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Table 2. Fruit maturity period and yield of ‘Ningzhi 2’ and control cultivars. 
Cultivar Yield1 (g plant-1) Fruit maturity 

Nanjing Lishui Beginning/end Duration (d) 
Ningzhi 2 4923 b2 4804 b Early June/mid-July 36-38 
Triple Crown 4011 c 3773 c Early and mid-June/early and mid-July 29-31 
Navaho 4854 b 4831 b Early June/mid-July 36-38 
Hull Thornless 5403 a 5359 a Early June/mid- and late July 41-43 
Chester Thornless 5844 a 5733 a Mid-June/late July 44-46 

1Yield estimates were calculated using: yield/plot=total yield per plot/20. 
2Means in a column followed by different letters are significantly different at the P≤0.05 level, LSD. 

Fruit characteristics Fruit weight of ‘Ningzhi 2’ was in between ‘Triple Crown’ and ‘Navaho’ (Table 3). The fruit shape of ‘Ningzhi 2’ was similar to ‘Navaho’. The average weight was greater than ‘Navaho’ but less than ‘Triple Crown’ and ‘Hull Thornless’. As with the control cultivars, ‘Ningzhi 2’ is a fairly round fruit with the length only slightly longer than the width. ‘Ningzhi 2’ fruit had the fewest number of drupelets of the cultivars evaluated. Pyrenes of ‘Ningzhi 2’ were similar to the other cultivars in volume and weight with the exception of ‘Chester Thornless’ that had lighter pyrenes. Table 3. Fruit characteristics and seed size of ‘Ningzhi 2’ and other cultivars. 
Characteristics Ningzhi 2 Triple Crown Navaho Hull Thornless Chester Thornless 

Fruit shape and size 
Length (cm) 2.21 2.49 1.69 2.54 2.40 
Width (cm) 1.86 2.24 1.47 1.93 2.07 
Length-to-width ratio 1.18 1.11 1.15 1.32 1.16 
Number of drupelets 44.29 c1 68.04 a 54.55 b 59.22 b 52.62 b 
Weight (g) 4.88 b 5.46 ab 3.88 c 5.76 a 5.12 b 

Seed shape and size 
Length (mm) 3.15 3.72 2.97 3.35 3.03 
Width (mm) 2.21 2.30 2.25 2.20 2.13 
Thickness (mm) 1.17 1.40 1.55 1.40 1.41 
1000-grain weight (g) 4.38 a 4.72 a 4.16 b 4.18 b 3.70 c 

1Means in a row followed by different letters are significantly different at the P≤0.05 level, LSD. ‘Ningzhi 2’ fruit were similar to the other cultivars for soluble solids content but, like ‘Navaho’, had a lower total acid content than the others and therefore had the highest soluble solids-total acids ratio (Table 4). While the fruit of all the cultivars appeared black, ‘Ningzhi 2’ had the lowest total anthocyanin content. Table 4. Fruit quality of ‘Ningzhi 2’ and other cultivars. 
Characteristics Ningzhi 2 Triple Crown Navaho Hull Thornless Chester Thornless 
Soluble solids content (%) 10.95 ab 11.20 a 10.60 ab 10.05 b 11.00 ab 
Total acid content (%) 0.93 c 1.16 b 1.06 c 1.21 b 1.52 a 
Solid-acid ratio 11.77 a 9.66 b 10.00 b 8.31 c 7.24 d 
Total anthocyanin  
content (mg 100 g-1) 

51.95 c 61.54 b 62.58 b 64.65 b 82.69 a 

Color Black Black Black Black Black 
Means in a row followed by different letters are significantly different at the P≤0.05 level, LSD. 

CONCLUSION ‘Ningzhi 2’ has the best characteristics of its ‘Triple Crown’ and ‘Navaho’ parents. It has 
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shown wide adaptability, vigorous growth, an erect habit, high yield, early ripening, bright fruit color, moderate fruit size, pleasant flavor and good quality in Nanjing. In addition ‘Ningzhi 2’ is less susceptible to winter freeze injury and is later to break bud in the spring. The harvest period of ‘Ningzhi 2’ was earlier than for ‘Hull Thornless’ and ‘Chester Thornless’, which extended the harvest period of blackberry. Hence, ‘Ningzhi 2’ can be used as a supplement of ‘Hull Thornless’ and ‘Chester Thornless’ and is recommended for growing in hilly areas of Jiangsu, Zhejiang, Anhui and Shandong Provinces in China. 
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