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 (citrus tatter-leaf) 
 (tristeza)  (Citrus sunki Hort. ex Tan.) 

 (C. limonia Osbeck)  (C. grandis Osbeck) x
 (C. jambhiri Lush.) Troyer  (C. sinensis (L.) Osbeck x Poncirus trifoliata Raf.)  (C. 

auarantium Linn.) Swingle  (C. paradisi Macf. x P. trifoliata Raf.)  (P. trifoliata Raf.) 

 (Chia-Yi Agricultural Experiment Station, CAES) A
B 4.5 × 3.0 m

A  5.0 × 2.0 m B 5.5 × 4.0 m
A 7 10

A 5 6 B 8 7
1  (Shieh 1990) B

12
 (Braun, MPZ6, USA) 

 (Atago N1, Japan) 0.1N NaOH 100 mL  (citric 
acid)

2003 3 20 45
Hung (1999) PCR

1.

Table 1. Soil characters of the three trial zones used in the study 

Element concentration (mg/kg) 
Site

Soil depth 
(cm) pH 

Organic matter 
(%) P K Ca Mg Fe Mn 

 0-20 6.1 2.0 44  48  547  49  45 33 CAES

20-40 5.8 1.5 38  70  930  92  42 21 

 0-20 6.6 1.5 40  98 1114  98 713 22 Gu-Keng-A

20-40 6.1 1.3 27  40  551  62 417 20 

 0-20 5.3 2.0 67 116  461 129 254 16 Gu-Keng-B

20-40 5.2 1.2 70  52  351  86 104  8 
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1998 9 10 2001 3 Troyer 2
2002

Swingle 2003 Swingle
Troyer 2003 3

PCR Swingle 80% 2 4
2

Swingle
2003

10 7 6 5

Swingle Troyer 3 Troyer

Swingle 12.0 oBrix
10.5 oBrix Swingle 0.69% Troyer 0.61%

0.54% 0.53% 0.55% 4

A
A 1998 7 1000

2001 30 2
2002 2003 Swingle

483.5 463.8 Troyer 453.3
402.8 328.8 5

8.7 oBrix
0.31% 0.30% 6

2. z

Table 2. Effect of different species of rootstocks on tree growth of ‘Murcott’ tangor at Chia-Yi Agricultural 
Experiment Stationz

No. trees 
Rootstock Healthy canopy HLB y Foot or root rot 
Sour orange (Citrus auarantium Linn.) 7 3 0 
Rough lemon (C. jambhiri Lush.) 6 3 2 
Rangpur lime (C. limonia Osbeck) 5 3 2 
Pummelo (C. grandis Osbeck) 3 4 4 
Swingle (C. paradisi Macf. x Poncirus trifoliata Raf.) 2 8 0 
Sunki (C. sunki Hort. ex Tan.) 1 2 7 
Troyer (C. sinensis (L.) Osbeck x P. trifoliata Raf.) 0 2 8 
z Trees (10 trees per treatment) planted in 1998 and investigated till 2003. 
y Huanglongbing (HLB), trees detected positive by PCR in March, 2003. 
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3. z

Table 3. Three-year’s accumulative yield of ‘Murcott‘ tangor grafted on seven species of rootstocks at Chia-Yi 

Agricultural Experiment Stationz

Yield (kg/tree) 
Rootstock 2002 2003 2004 total 
Rough lemon 22.4 a y 32.9 a 24.0 ab  79.2 a  
Pummelo 19.8 a 21.2 abc 34.1 a 75.1 a 
Sour orange 19.5 a 17.6 bc 20.5 ab 59.8 a 
Rangpur lime 18.4 a 29.1 ab 14.4 bc 61.8 a 
Sunki 16.6 a 15.9 bc 16.5 bc 48.9 ab 
Swingle 21.3 a 10.1 c 13.1 bc 44.4 ab 
Troyer 2.5 b 9.8 c 3.5 c 15.7 b 
z Trees (10 trees per treatment) planted in Sept. 1998. 
y Means separation by Duncan's multiple rang test (p = 0.05). 

4. z

Table 4. Effect of different species of rootstocks on fruit quality of ‘Murcott’ tangor at Chia-Yi Agricultural 

Experiment Stationz

Diameter y
(mm)

Rootstock

Fruit
weight
(gm) Trans. Longit.

Rind
thickness

(mm)

Juice
yield
(%)

Total soluble solid 
(oBrix)

Acid
content (%) 

Swingle 191.4 75.4 57.9 3.1 48.0 12.0 a x  0.69 a 
Troyer 196.7 75.9 60.5 3.2 47.0 11.3 ab 0.61 abc 
Sour 198.4 75.8 60.0 3.1 46.1 11.2 ab 0.58 bc 
Sunki 193.6 75.3 59.4 3.1 48.3 11.1 ab 0.57 bc 
Pummelo 196.8 76.3 59.6 3.0 50.1 11.1 ab 0.54 c 
Rangpur lime 200.4 76.6 59.4 3.1 48.2 10.5 b 0.53 c 
Rough lemon 189.1 74.6 59.5 3.1 47.4 10.5 b 0.55 c 
z Trees planted in 1998. Fruits harvested in Jan. 2003. 
y Trans.: transversal; longit.: longitudinal.
x Means separation by Duncan's multiple rang test (p = 0.05). 

5. A z

Table 5. Effect of different species of rootstocks on yield of ‘Murcott’ tangor at the Gu-Keng, Yunlin A trail
z

Yield (fruit/tree) 
Rootstock 2002 2003 Total 
Swingle  210.5 a y  273.0 a  483.5 a 
Rangpur lime  183.0 ab  280.8 a  463.8 a 
Troyer  219.8 a  233.5 ab  453.3 ab 
Rough lemon  161.2 ab  241.6 ab  402.8 ab 
Pummelo  143.1 b  185.7 b  328.8 b 
z Trees planted in June 1998, six 1-tree replications. 
y Means separation by Duncan's multiple rang test (p = 0.05). 
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6. A z

Table 6. Effect of different species of rootstocks on fruit quality of ‘Murcott’ tangor at the Gu-Keng, Yunlin A trail
z

Diameter y
(mm)

Rootstock

Fruit
weight
(gm) Trans. Longit. 

Rind thickness 
(mm)

Juice
yield
(%)

Total soluble 
solid

(oBrix)

Acid
content 

(%)
Troyer 197.1 77.4 60.1 3.3 54.6 9.2 a x 0.35 a 
Pummelo 203.1 78.0 60.5 3.3 54.3 9.2 a 0.30 b 
Swingle 201.9 78.0 59.5 3.2 54.6 9.1 a 0.35 a 
Rangpur lime 195.9 77.4 59.5 3.4 54.0 9.1 a 0.32 ab 
Rough lemon 194.2 76.9 60.5 3.4 53.0 8.7 b 0.31 b 
z Trees planted in June 1998. Fruits harvested in Jan. 2003. 
y trans.: transversal; longi.: longitudinal. 
x Means separation by Duncan's multiple rang test (p = 0.05). 

B
B 2000 9 75

Troyer Swingle 2003 6
12 1 3

3
 (Tristeza)  (Castle 1987; Newcomb 1978; 

Wutscher 1979) 2006 8  (2004
2006) Swingle Troyer

194.7 kg 106.3 kg 7
2005 2007

8

80% Troyer 70% 80% 2
A B Swingle

18%
(Cheema et al. 1982; Lange et al. 1985)  (Huang & Liaw 
1995) Swingle

Troyer Swingle A
B

(Ann 1989) Troyer
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7. B z

Table 7. Accumulative yield of ‘Murcott’ tangor grafted on eight rootstocks at the Gu-Keng, Yunlin B trial
z

Yield (kg / tree) 
Rootstock 2002 2003 2004 total 

No. trees 
(investigated / planted) 

Rough lemon 69.4±14.7 76.3±15.1 49.0±27.2 194.7±43.3 12/12 
Rangpur lime 69.3±27.1 77.9±21.5 43.4±15.7 190.6±56.3 10/10 
Trifoliate 56.9±5.5 77.2±7.2 44.1±1.0 178.1±11.6 3/3 
Swingle 54.8±16.5 74.8±12.2 31.1±14.0 162.9±28.9 12/16 
Pummelo 57.0±11.2 35.9±3.7 43.9±6.7 136.9±12.7 3/3 
Troyer 45.5±19.2 58.0±13.5 27.2±2.4 131.2±33.6 4/4 
Sour orange 48.6±6.1 41.2±16.2 35.7±17.5 125.5±17.8  8/10 
Sunki 32.3±14.5 43.8±12.6 30.2±10.2 106.3±23.2 16/17 
z Trees planted in 2000, October and those with abnormal appearance were excluded from investigation (mean±SD). 

8. B z

Table 8. Effect of different species of rootstocks on fruit quality of ‘Murcott’ tangor at the Gu-Keng, Yunlin B trial
z

Diameter y
(mm)

Rootstock

Fruit
weight
(gm) Trans. Longi. 

Juice 
yield 
(%)

Total soluble 
solid

(oBrix)

Acid
content 

(%)

No. trees 
(investigated 

/ planted) 
Troyer 210.1±6.5 76.7±1.7 59.8±1.5 47.8±0.1 13.6±0.4 0.70±0.02 4/4 
Trifoliate 187.0±3.0 74.6±0.5 57.8±0.4 49.7±0.6 13.2±0.3 0.70±0.05 3/3 
Sour orange 208.5±14.0 77.3±2.5 60.2±1.5 47.5±2.3 12.6±0.5 0.65±0.02  6/10 
Swingle 217.0±10.1 78.1±1.5 60.7±1.3 48.3±1.1 12.2±0.4 0.68±0.04  6/16 
Sunki 207.8±11.5 76.7±2.1 59.3±1.4 49.2±1.5 12.0±0.5 0.64±0.05  6/17 
Rangpur lime 227.5±24.1 79.4±2.8 61.6±1.9 48.0±1.3 11.7±0.4 0.58±0.01  6/10 
Pummelo 240.0±24.6 81.7±2.6 62.4±2.4 45.7±2.0 11.6±0.3 0.62±0.10 3/3 
Rough lemon 223.3±19.3 78.4±2.4 61.6±2.0 44.7±1.2 10.8±0.6 0.54±0.03  6/12 
z Trees planted in 2000, fruit sampled in 2005 (mean±SD). 
y trans.: transversal; longi.: longitudinal. 

Swingle
Swingle

 (Garnsey et al. 2001) 16 12 Swingle
 (creasing) 

 (Castle 1987; Hwang 2000; Newcomb 1978; Wutscher 1979)

A
Swingle Troyer B

Swingle
Troyer A 2

Figueiredo  (2006) 
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B
 (Snyman 

et al. 1996) 

Troyer Swingle
 (Wheaton et al. 1991) 

 (Castle 1987; Newcomb 1978; Wutscher 1979) Figueiredo  (2006) 

Swingle  (Ann 1989; Chang 1980; Lin 1989) Swingle
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Effects of Rootstocks on Tree Growth, Yield and Fruit 
Quality of ‘Murcott’ Tangor1

A-Shiarn Hwang2,4 and Shih-Cheng Hung3

Abstract
Hwang, A. S., and S. C. Hung. 2007. Effects of rootstocks on tree growth, yield and fruit quality of 
‘Murcott’ Tangor. J. Taiwan Agric. Res. 56:298-306. 

In order to evaluated the effects of different species of rootstocks on fruit production of ‘Murcott’ 
tangor. Scions of ‘Murcott’ tangor were grafted on one year old seedlings of eight species of rootstocks 
and planted in the Chia-Yi Agricultural Experiment Station and two sites at Gu-Keng, Yunlin County. 
Tree growth, yield and fruit quality were investigated at the sixth and seventh year after transplanting. 
Accumulated yields of healthy plants were high on rough lemon and ‘Rangpur’ lime, intermediate on 
trifoliate, ‘Swingle’ citrumelo and ‘Troyer’ citrange, low on sour orange and Sunki. The fruit qualities 
were similar among most combination of the ‘Murcott’ tangor and rootstocks species. Total soluble solids 
and acid contents were high from ‘Murcott’ tangor grafted on trifoliate, ‘Swingle’ citrumelo and ‘Troyer’ 
citrange, intermediate on Sunki and sour orange, and low on ‘Rangpur’ lime and rough lemon. In Chia-Yi 
Agricultural Experiment Station low yield of ‘Murcott’ tangor on ‘Swingle’ was resulted from infection 
with Huanglongbing, whereas low yield on Sunki and ‘Troyer’ citrange was due to Phytophthora foot or 
root rot. 

Key words: Murcott, Citrus rootstock, Tree growth, Yield, Fruit quality. 
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