
canopy. Over 50% of the transplanted 
trees can set fruit in the second year. 

The transplanted orchard can be in 
full production in the third year after 

transplanting. 

During the period 1972-82, further 

research was carried out on citricul-
ture on the coastal sandy, windy arid 
land. It showed that citriculture on 

the arid sandy, windy land is possible. 
About 275 hectares of citrus orchards 

have been established in the coastal 
sandy area. Citrus trees growing in 

these highly porosis, sandy soils had 

vigorous growth, early fruit setting, 

and high productivity. In an area of 

3.3 mu (about 0.22 hectares) of the 

Tujie' 8-year-old test orchard in the 

Dane brigade in Changle County, an 

average yield of 10,506 jin (5,253 kg) 

per mu has been obtained. The wind-

protecting and sand-arresting shelter 

belts have been constructed on vast 

areas along the coast. This area is 

more suitable for planting prolific and 

high quality cultivars, i.e., TPonkan/ 

satusma, Tujie,' Tankan' (Citrus tan-

kan), 'Sekkan' (C. sinensis), 'Anliu-

cheng' (C. sinensis), navel orange (C. 

sinensis), etc. 

In summary, it is possible to de 

velop citriculture on the coastal sandy, 

windy, arid land if suitable irrigation 

and good management are provided 

and the expansion of citrus in this area 

is expected. 
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Studies on Citrus Rootstocks for Sweet Orange 

Zhao Xue-Yuan1 

Abstract: The results of a citrus rootstock 

experiment with sweet orange tops from 1952 
to 1977 are reported in this paper. The ef 
fects of 19 rootstocks on the growth, fruit 
production, yield, fruit quality, cold and 
drought resistance of the cultivar, 'Xianfeng/ 

are given. Experimental results showed that 

for 'Xianfeng' orange grown in the Sichuan 

hilly lands, trifoliate orange is an excellent 

rootstock. Tugan, Xianggan and Jiangan 

mandarins are suitable stocks; Tangcheng is 

a semi-dwarfing stock, and Ichang papeda 

is a dwarfing stock. 

Introduction 

Studies on the selection of the root-

stock are of great importance for the 

production of citrus. In order to find 

suitable rootstocks for sweet orange 

in the hilly land of Sichuan, a citrus 

rootstock test was planted in 1952 and 

evaluated for 24 years. 

Materials and Methods 

The tests were conducted on the 

experimental farm of the Fruit Insti-

xFruit Research Institute, Sichuan Academy of Agricultural Sciences, Jiangjin, Sichuan, 
People's Republic of China. 
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tute located in a hilly area of Jiangjin 

County along the Yangtze River in 

Sichuan. The altitude is 250 to 300 m, 

with a slope of 10 to 30 degrees. The 

soil is a slightly acid loam, colored 

purple and has a depth of 0.3 to 0.4 

m, not exceeding 0.7 m. An imper 

vious hardpan is usually loosened by 

explosives prior to the planting of cit 

rus trees. A native cultivar, 'Xianfeng' 

(Citrus sinensis (L.) Osbeck) was used. 
The rootstocks used (Table 1) are com 

mon in Sichuan. 

The experiment was arranged in 4 

groups of 5 blocks, 2 to 4 replications 

for each rootstock, with 4 to 30 trees 

in each plot. The total number of 

trees was 1,375, excluding guard rows, 

arranged according to the terrace, and 

tree spacing was 3 X 3 m. Rootstock 

effects on growth, yield, fruit quality, 

cold hardiness, drought tolerance, and 

citrus gummosis were recorded and 

studied. The root systems of different 

rootstocks were also observed. 

Experimental Results 

I. Effect of rootstocks on growth of 

the scion cultivar. Effects of the root 

stocks on tree size and structure of the 

canopy were significant. Comparisons 

of tree height, canopy diameter and 

tree size of 'Xianfeng' orange trees 17 

to 20 years old are given in Table 2. 

The tree canopies of 'Xianfeng' orange 

on Gou Dou sour orange (C. auranti-

urn L.), trifoliate orange (Poncirus tri-

foliata Raf.), Hsiangcheng (C. junos 

Tanaka), and Xianggan (C. reticulata) 
rootstocks are larger than those graft 

ed on sweet orange rootstocks. The 

tree canopies of 'Xianfeng' orange on 

Jiangan (C. reticulata Blanco), Hung 

Table 1. Rootstocks used for the 'Xianfeng' orange field experimental test. 

Species Variety Note for reference 

Poncirus trifoliata Raf. 

Citrus junos Tanaka 

C. ichangensis Swing. 

C. reticulata Blanco 

C. sinensis (L.) Osb. 

C. aurantium L. 

C. grandis Osbeck 

C. paradisi Macf. 

C. limon Burm. f. 

C. limonia Osbeck 

Citrus sp. 

Tangchen 

Tangerine 

Jiangnangan 

Jiangan 

Xianggan 

Tugan 

Suanju 

Guanggan 

Jiangjin sour orange 

Gou Dou sour orange 

Xingshan sour orange 

Yanggao shaddock 

Jiangjin sour shaddock 

'Marsh* grapefruit 

'Eureka' lemon 

Hung lemon 

Kwigan 

Large flower and large leaf whose 

origin is to be investigated 

From Kwangtung 

Native cultivar of southeast 

Sichuan, round fruit type 

Native cultivar of Sichuan, 

Tahungpao type 

Native cultivar of Sichuan, early-

maturing tangerine type 

Native cultivar of Hubei, whose 

character is similar to Tugan 

Native cultivar of Jiangjin 

Native cultivar of Jiangjin 

From Kwangtung 

Native cultivar of Jiangjin 

Native cultivar of Jiangjin 

From Chentuh, 'Shatian' shaddock 

type 

Native cultivar of Jiangjin 

From abroad 

From abroad 

From Kwangtung 

Natural hybrid of mandarin and 

shaddock, originated in Sichuan 
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lemon (C. limonia Osbeck) and lemon 
(C. limon Burm. f.) rootstocks are rel 
atively taller and bigger, somewhat 

like that on sweet orange rootstock, 

attaining a smaller size. The tree can 

opy of 'Xianfeng' orange on grapefruit 

(C. paradisi Macf.), Suanju (C. reticu-

lata) (Sunki), Tangcheng, Jiangjin sour 

orange (C. aurantium) rootstocks are 

comparatively smaller, semi-dwarfing 

types. And the canopy of 'Xianfeng' 

orange on Yanggao shaddock (C. gran-

dis Osbeck), Xingshan sour orange (C. 

aurantium), Kwigan (Citrus sp.), Jiang 

jin sour shaddock (C. grandis Osbeck) 

and Ichang papeda (C. ichangensis 

Swing.) rootstock are small, semi-

dwarfing types. The tree canopies of 

'Xianfeng' orange on Jiangjin sour 

shaddock and Ichang papeda root-

stock are most dwarfed with a height 

of about half of that on sweet orange 

rootstock. Trunk size appears to be 

correlated with canopy volume. 'Xian 

feng' orange trees on trifoliate root-

stock grow high and wide with a com 

paratively slender trunk. Canopy size, 

tree height, and trunk girth on lemon 
rootstock is the largest of the root 

stocks compared. 

Various growth rates of 'Xianfeng' 

orange on different rootstocks were 

observed. 'Xianfeng' orange on the 

Gou Dou sour orange stock grew the 

fastest, while 'Xianfeng' orange on tri 

foliate orange rootstock grows slowly 

initially and rapidly in older trees. 

Some combinations grow vigorously at 

the earlier stages with retarded growth 

as the tree age increased, such as 

'Xianfeng' orange on Hung lemon 

rootstock. The growth tendency of 

'Xianfeng' orange on Tangchen tan 

gerine (C. reticulata), Xiangchen, Jian-

gan, Tugan and sweet orange root-

stock is a steadily increasing rate. 

However, the growth of 'Xianfeng' or 

ange tree on Yanggao shaddock, Xing-

Table 2. Tree size of 'Xianfeng' orange trees 17 to 20 years old propagated on 
19 rootstocks, June 1973. 

zTrunk girth measured at 5 cm above the union. 
yThe canopy volume = (D/2)(H — D/6). D = canopy diameter, H = the green leaf of canopy. 
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shan sour orange, Kwigan, Jiangjin 

sour shaddock and Ichang papeda 

rootstock is less vigorous. 'Xianfeng' 

orange grafted on shaddock types such 

as Yanggao shaddock, grapefruit, Kwi 

gan and Jiangjin sour shaddock root-

stocks exhibited chlorotic leaves on 

the autumn growth flush, especially 

Jiangjin sour shaddock rootstock. 

II. Budunion characteristics. Fol 

lowing the classification used by Web 

ber, most of trifoliate and Gou Dou 

sour orange in this test are C+2 C+3 

types. Trifoliate rootstock is vertically 

and slimly furrowed, whereas the Gou 

Dou sour orange rootstock is a rough 

prism in shape. Most of Jiangjin sour 

shaddock, Yanggao shaddock, grape 

fruit, Kwigan, Jiangjin sour orange, 

Ichang papeda, Xiangcheng and Tu-

gan rootstocks are of C+l to C+2 

types with the scions cylindrical in 

shape. Xingcheng and Tangcheng 

rootstocks are prismatically shaped, 

while scions are slightly prismatic. 

Jiangnan mandarin (C. reticulata 
Blanco), Jangan, and Tugan are of 

C+l type with prismatically shaped 

rootstock. Sweet orange, Xingshan 

sour orange and Hung lemon root 

stocks appear cylindrical in shape. 

There are shallow prisms on Hung 

lemon rootstock. Many Suanju root 

stocks are of C+l type with both 

scion/rootstock prismly furrowed. 

The union of 'Xianfeng' orange on 

different rootstocks changes in ap 

pearance as the trees increase in age; 

trifoliate rootstock in the earlier stage 

is of a C+l to C+2 type and changes 

to a C+2 to C+3 type; tangerine root-

stock in the earlier stage is of C type, 

later changing to a C+l type. 

III. Comparison of root systems of 

different rootstocks. The root systems 

of 15-year-old 'Xianfeng' orange trees 

on 12 rootstocks were studied. The 

results showed that the root system of 

the Gou Dou sour orange, Tugan and 

tangerine are thick and well devel 

oped. Their air dry weight reached 

72.5 to 94.5 jin/tree, respectively, 

which accounts for 170.5% to 222.4% 

of the root weight of sweet orange 

rootstock. The skeleton roots of the 

Gou Dou sour orange are particularly 

thick and long, few in quantity, but 

well distributed with small lateral and 

fibrous roots. The skeleton roots of 

tangerine are well developed, numer 

ous and well distributed. The vertical 

roots of Tugan are small, the hori 

zontal skeleton roots are strong and 

crowded with well developed, small 

lateral and fibrous roots. The root 

system of Jiangan, Xianggan, trifoliate, 

Suanju, Hung lemon, and Tangcheng 

rootstocks are comparatively better 

developed, similar to those of sweet 

orange rootstocks with an air dry 

weight of 35 to 48 jin/tree. The small 

lateral and fibrous roots of trifoliate 

orange are thick and extremely well 

developed. The skeleton roots of Jian 

gan are relatively large and crowded. 

The skeleton roots of Xianggan are 

numerous but smaller and small lat 

eral and fibrous roots are well devel 

oped. The vertical roots of Hung 

lemon are poorly developed, and its 

lateral roots are numerous, long and 

thin, with small lateral and fibrous 

roots which are well developed. The 

skeleton roots of Tangcheng are nu 

merous and weak, sparsely distributed 

with fewer lateral and fibrous roots. 

The root systems of Ichang papeda 

and Jiangjin sour orange rootstock are 

weakest with an air dry weight of only 

11.0 and 18.5 jin, which equals to 

25.9% and 43.5% of that of the root 

weight of sweet orange rootstock. The 

small lateral and fibrous roots of 
Ichang papeda rootstock are also few 

in quantity. 

IV. Effect of rootstock on the pe 

riod of fruit bearing. 'Xianfeng' or 

ange trees on most rootstocks began 

to bear in the third year after grafting 

except the Gou Dou sour orange root-

stock. The difference in the percent 

age of fruit-bearing trees on different 

rootstocks was statistically significant. 

'Xianfeng' orange scions on Hung lem-
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on, Suanju and trifoliate orange root 

stocks are very prolific as 18.4 to 

19.4% of the 3-year-old trees produce 

fruit. Trees on Hung lemon rootstock 

begin fruiting in their fourth year and 

attain 100% fruiting in their sixth year; 

6.5 to 8.1% of the 'Xianfeng' orange 

trees on Tangcheng, Xiangcheng and 

Ichang papeda reach the fruit-bearing 

stage at 3 years of age. 

'Xianfeng' orange trees on sweet 

orange, Tugan, Jiangjin sour orange 

and Jiangan rootstock begin fruiting 

the latest, as only 3.3 to 3.8% of the 

3-year-old trees produce fruit. 'Xian 

feng' on sweet orange reaches the 

bearing stage in the third year, but 

fruit production is low in subsequent 

years. 'Xianfeng' orange trees on Gou 

Dou sour orange and tangerine root 

stocks are slow bearers; they do not 

fruit in the third year, and only pro 

duce a few fruit when they are 5 to 6 

years old. 

V. Effect of different rootstocks on 

yield of 'Xianfeng' orange. The differ 

ence in yield of 'Xianfeng' orange on 

various rootstocks was statistically sig 

nificant as shown in Table 3 for the 

accumulated mean yields from 1959 to 

1977. 'Xianfeng' orange trees on tri 

foliate rootstock yielded the highest, 

about 167.4% of the yields on sweet 

orange rootstock, which was two times 

greater than the yields on Ichang pa 

peda. Gou Dou sour orange ranks 
next in fruit yield. The yields on 

Xianggan, Jiangan, Hung lemon, and 

tangerine rootstock are all higher than 

those on sweet orange rootstock. How 

ever, those on the other rootstocks are 

lower than those on sweet orange 

stock. The yields on Ichang papeda 

and Jiangjin sour shaddock are the 

lowest. 

VI. Effect of different rootstocks on 

the main economical characters of 

'Xianfeng' fruit. 

Table 3. Effect of rootstocks on the yield of 'Xianfeng' orange. 
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1) Effect on the characters of fruit 

appearance. The fruit of 'Xianfeng' 

orange on Hung lemon and Suanju 

rootstock was heavier with an average 

weight of 130.1 and 131.1 g each 

which is 7.2 and 7.9% heavier than 

that on sweet orange rootstock. The 

fruit produced on Yanggao and grape 

fruit, and Xingshan sour orange root-

stock was the lightest, with fruit 

weighing 106.8 to 110.3 g. The fruit 

on trifoliate, Tangcheng, and Jiangan 

were red colored. That on grapefruit, 

lemon and Xingshan sour shaddock 

were orange colored. And those on 

other rootstocks were red to orange 

color. The fruit surface produced on 

trifoliatae and Tangcheng is somewhat 

rough; that on the others is relatively 

smooth. 

2) Effect of rootstock on fruit qual 

ity (Table 4). Percentages of the edi 

ble portion and juice content were 

highest on grapefruit and lemon root-

stock followed by Jiangan, and Jiang-

jin sour orange had the lowest. 

3) Sugar/acid content of fruit and 

its ratio. The sugar content of the fruit 

on Xiangshan sour orange, Jiangjin 

sour shadock, Ichang papeda, Kwigan, 

trifoliate, and Tugan rootstock is the 

highest, but the acid content is low. 

The sugar/acid ratio of the fruit on 

trifoliate rootstock is slightly lower 

due to its high acid content. The sugar 

content of the fruit on tangerine, 

Hung lemon and grapefruit rootstock 

is low, but acid content is high with a 

low sugar/acid ratio. Fruits from trees 

on other rootstocks are slightly higher 

or near to that of the fruit on sweet 

orange rootstock. 

Soluble solids. Fruits on trifoliate, 
Ichang papeda, Tugan, Jiangjin sour 

shaddock, and grapefruit had relative 

ly higher total soluble solids than that 
of the fruit on sweet orange. Fruit 

from trees on Hung lemon rootstock 

has the lowest total soluble solids, ac 

counting for 97.2% of that of the fruit 

on sweet orange rootstock. 

Vitamin C content of the fruit on 

shaddock and rootstocks related to 

shaddock, such as Kwigan, sour shad 

dock and Yanggao shaddock, is the 

highest, reaching 57.066 to 58.891 mg/ 

100 ml. Fruit on Hung lemon root-

stock produced the lowest, similar to 

that on sweet orange rootstock. Vita 

min C content of fruit from trees on 

other rootstocks is higher than that 

on sweet orange rootstock as shown 

in Table 4. 

VII. Effect of different rootstocks 

on disease-pest resistance. Investiga 

tion reveals that the infestation of 

longhorn beetles on trifoliate, Jian 

gan, Jiangnangan, Yanggao shaddock, 

grapefruit, sour shaddock, and lemon 

rootstocks were very low. Suanju and 

Jiangjin sour orange rootstocks were 

also relatively resistant to longhorn 

beetle with an infested ratio of only 

2.7 to 2.9%. Xingshan sour orange and 

Gou Dou sour orange rootstocks were 

susceptible to the longhorn beetle 

with an infested ratio of 50% and 

38.5%, respectively. Trifoliate, Jiangan 

and Xianggan are comparatively re 

sistant to gummosis with an infested 

ratio of 0 to 4.1%, while lemon, sour 

shaddock and Jiangnangan rootstock 

are relatively susceptible with infested 

ratios of 50 to 66.7%. Root rot affects 

the Gou Dou sour orange, Xianggan, 

tangerine, Jiangjin sour orange, and 

Suanju rootstocks to a limited extent. 

Discussion and Conclusion 

The tested rootstocks can be divided 
into four groups based on the growth 

of the 'Xianfeng' orange scion and the 
use of sweet orange as the standard 

rootstock: 1) standard rootstock (tree 

height more than 3.5 m) includes Gou 

Dou sour orange, trifoliate, tangerine, 

and Xiangcheng; 2) semi-standard 
rootstock (tree height 3.0 to 3.5 m) 

includes Jiangan, sweet orange, Hung 

lemon, Tugan, lemon, Jiangnangan; 

3) semi-dwarfing rootstock (tree height 

2.5 to 3.0 m) includes grapefruit, Suan 

ju, Tangcheng, Jiangjin sour orange; 
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Table 4. Comparison of fruit quality of 'Xianfeng' orange on different root-

stocks, mean level for 1962, 1965, 1972 and 1974. 

zSohible solids is the mean level of the 2 years from 1971 and 1974. 
^Vitamin C is the mean level of the years from 1974 and 1977. 

and 4) dwarfing rootstock (tree height 

less than 2.5 m) includes Yanggao 

shaddock, Xingshan sour orange, Kwi 

gan, Jiangjin sour shaddock, and 

Ichang papeda. 

The yield of individual trees on 

various rootstocks may be arranged 

as follows: standard stock > semi-

standard > semi-dwarfing > dwarfing 

stock. 

Poncirus trifoliate (large leaf and 
large flower type) was a satisfactory 

rootstock for 'Xianfeng' orange. The 

tree grows vigorously with a well-

developed root system. It is resistant 

to cold, drought and gummosis, and is 

early bearing, productive, and excel 
lent in fruit quality and storage life. 

According to the investigation, 'Glori 

ous' orange, 'Valencia' late, 'Washing 

ton* navel, blood orange, satsuma and 

tangerine on trifoliate orange root-

stock perform very well. However, 

when trifoliate orange is used as a 

rootstock for 'Eureka' lemon, navel 

blood orange, and 'Cadenera' sweet 

orange, exocortis may present a prob 

lem as trifoliate orange is susceptible 

to this disease. 

Tangchen (C. junos Tanaka) is a 
semi-dwarfing rootstock for sweet or 

ange. The tree grows vigorously 

though slower than on sweet or 

ange rootstock, and fruiting is prolific 

and of good quality. Variability in 

fruit production occurs among mature 

trees, therefore, clonal selection should 

be practiced. 

Ichang papeda (C. ichangensis) is 
a dwarfing rootstock for 'Xianfeng' 
orange. The root system is weak and 

trees are slow growing. Trees are pro 

lific with good fruit quality. Ichang 

rootstock is suitable for closely plant 

ed trees. Seedling progeny are vari 

able in this species, therefore, further 

work of selection for unifomity should 

be carried out. 
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Tugan (C. reticulata) is a semi-

dwarfing rootstock for 'Xianfeng' or 

ange with a compact type of growth. 

The root system is well developed. 

Tugan is resistant to drought and 

adaptable to soils of low fertility. Fruit 

production and quality of the orange 

scion are satisfactory. The fruit of 

Tugan contains many seeds, which are 

necessary in propagation. 

Tangerine (C. reticulata) is a com 

monly used rootstock for 'Xianfeng' 

sweet orange. The tree grows vigor 

ously and has a well-developed root 

system, adaptable to soils of low fer 

tility. Since it is late bearing, the fruit 

is low in sugar and high in acid con 

tent producing poor quality fruit and 

it should be used in limited areas. 

Rootstock Development Screening and Selection for 

Disease Tolerance and Horticultural Characteristics 

D. J. Hutchison1 

The propagation of citrus trees by 

budding began in Florida in the 

1830's. By the 1940's approximately 

80% of the citrus trees were propa 

gated on rough lemon (Citrus jambhiri 

Lush.) and sour orange (C. aurantium 

L.) rootstocks. Over the 11-year peri 

od of 1973-1983, 24,425,100 registered 

and validated nursery trees were sold 

in Florida (Table 1). Of these trees, 

30.2% were propagated on sour or 

ange, 0.6% on rough lemon, 9.5% on 

Cleopatra (C. reticulata Blanco), 39.5% 

on Carrizo citrange (a hybrid of C. 
sinensis (L.) Osb. X Poncirus trifoliata 

(L.) Raf.), 8.1% on Swingle citrumelo 

(a hybrid of C. paradisi Macf. X P. 

trifoliata), 6.2% on Milam and 4.2% 

on miscellaneous rootstocks. Signifi 

cantly, these statistics reveal that 

45.7% of the citrus trees in Florida 

were propagated on two hybrid root 

stocks, Carrizo citrange and Swingle 

citrumelo, originated and developed 

by the United States Department of 

Agriculture in Florida. Disease sus 

ceptibility is the reason for this change 

in rootstock usage. Sour orange is sus 

ceptible to the citrus tristeza virus and 

rough lemon is susceptible to blight 

Table 1. Rootstocks used to propagate registered and validated nursery trees 

in Florida, 1953-1983.z 

1U.S. Department of Agriculture, Agricultural Research Service, Orlando, FL 32803. 




