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ABSTRACT 

 
A study was conducted in the progeny garden of Citrus Research Institute, 
Sargodha, Pakistan during 2002-2008 to see the effect of various rootstocks 
on vegetative growth of Kinnow fruit plants. Rootstocks included were: Rough 
lemon (khatti), Kinnow and Rangpur lime. Seeds of these rootstocks were 
sown during August, 2002 which were germinated in October, 2002. These 
were transplanted in the nursery in October, 2003. Seedlings were grafted in 
September, 2004 and transplanted in the actual field in September, 2005. 
Maximum plant height (2.48m), spread( 1.95m), scion girth (29.00cm), stock 
girth (33.50cm) and canopy size (0.25m3) were found in Kinnow plants grafted 
on Rough lemon stock followed by Kinnow stock (2.11m plant height, 1.79 m 
spread, 28cm scion girth, 29cm stock girth and 0.11m3 canopy size) during 
September,2008. Almost similar trend was noted during all other years of 
study. Conclusively Rough lemon (khatti) proved to be the best vigorous and 
Rangpur lime dwarf rootstock for Kinnow scion among all tested stocks under 
Sargodha climatic conditions.  
 
KEYWORDS: Citrus; cultivars; rootstocks; agronomic characters; canopy; 

Pakistan.  
 

INTRODUCTION 
 

In the province of Punjab, Pakistan commercial mandarin and sweet orange 
cultivars are generally budded or grafted on Rough lemon rootstock. This 
stock ensures proper vigour and productivity in scion varieties but age of 
scion especially Kinnow is very short as compared to other scions. 
Moreover, this rootstock is highly susceptible to Phytophthora (foot rot) 
disease. Above all, fruit quality of Kinnow plants budded or grafted on this 
rootstock is not considered excellent. Therefore, it is essential to search out 
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some other rootstocks which could adapt well to Sargodha environmental 
conditions. 
The rootstocks have a large effect in scion tree vigour, fruit quality, size, 
yield and juice quality as well as tolerance to salt, cold and drought 
resistance. There are many citrus rootstocks used all over the world due to 
variable effects on scion cultivars. Rough lemon is used under Punjab 
climatic conditions on dry and light soils while sour orange in Khyber 
Pakhtunkhwa province on wet and heavy soils. Palestine lime is used in 
Middle East and India while Rangpur lime is commercially used in Brazil and 
America and   Trifoliate orange in Japan and China. Singh et. al (7) reported 
that Rangpur lime is mandarin type which induces high yield of sweet orange 
propagated on it. The tree size is reduced and produces good quality fruit 
but it is susceptible to foot rot and blight but tolerant to soil salinity and 
tristeza. Lima (3) reported that tree budded on Rangpur lime is vigorous in 
growth, similar to trees produced on Rough lemon. It produces large tree 
with minimum cold tolerance. However, it is susceptible to blight. He also 
reported many strains of Rangpur lime viz. Brazil Orange, Brazil Rangpur, 
Florida Rangpur lime, Philippian Red Lime, Nemytengs, Sylhet lime, Pink 
Fleshed Lime, Taxas Rangpur Lime, etc. 
 
Niaz and Chattha (5) reported that there are 50 seeds per fruit in Rubidox 
trifoliate orange with badly poor seed germination as compared to Rough 
lemon which has 26 seeds per fruit with excellent germination. Niaz et al. (6) 
concluded that Kinnow and Feutrell’s Early budded on Rough lemon stock is 
more vigorous than other stocks but it is susceptible to Phytophthora (foot 
rot) disease. Further, fruit quality of plants budded on this stock is poor. 
Singh et al. (7) summarized that vigour and growth of Kinnow trees budded 
on Cleopatra mandarin was good and produced standard size trees. Fruit 
quality on this stock was excellent. Broadbent and Sarooshi (2) reported that 
Rough lemon (Citrus jembhiri, Lush) is native of India. It is used as stock for 
citrus cultivars in India, Australlia and South Africa and many other countries. 
The trees budded on Rough lemon are usually vigorous having more size, 
fruit size, thick peel and poor quality juices when compared with trees 
budded on other rootstocks. Snokar et al. (9) reported that trials conducted 
at Montgomery (Sahiwal), Pakistan showed that Rough lemon is the best 
rootstock for Blood Red malta while for other oranges and mandarins, 
Kharna khatta is the best. They further advocated that Rough lemon is 
widely used rootstock for most of the scions followed by Kharna khatta being 
more popular in Punjab. Similarly, Sharma (10) reported that trees grafted 
on Rough lemon are vigorous and high yielder but poor in quality. However, 
Sharma and Srivastava (11) reported that Rough lemon can be grown on 
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wide range of soils but is well adaptable to deep coarse and sandy soils and 
is highly sensitive to cold climate and wet soils. In contrary to this Rangpur 
lime is well adaptable to saline soils and cool climate. Above all, Rangpur 
lime is poor seedier (7 seeds / fruit) and Rough lemon is better seedier (32 
seeds/fruit). In another study (1) Kinnow was grafted on three rootstocks viz. 
Kinnow, Rough lemon and Rangpur lime. It revealed that Kinnow plants 
grafted on Rough lemon rootstock had significantly more vigorous growth 
(176.14 cm height and 145.5 cm spread). Plants grafted on Rangpur lime 
attained minimum plant height (120.93 cm) and spread (84.0 cm). 
 
The present study was initiated to understand the influence of different 
rootstocks on vegetative growth and canopy of Kinnow mandarin under 
Sargodha climatic conditions. 

 
MATERIALS AND METHODS 

 
This study was carried out in the progeny garden of Citrus Research 
Institute, Sargodha, Pakistan during 2002-08. Twenty eight fruits of Rangpur 
lime were obtained from Horticultural Research Station, Sahiwal on 13-09-
2002. From these fruits 135 seeds were obtained and sown in the nursery 
soon after extraction and washing. Same number of Rough lemon and 
Kinnow fruits were obtained from Citrus Research Station, Sargodha on 
same date. From these fruits 700 to 800 seeds were extracted and sown on 
same date. Seeds were germinated during October 2002. Seedlings were 
transplanted in nursery during October 2003. These seedlings were grafted 
in September 2004 at attaining pencil thickness. In September 2005 these 
grafted plants were transplanted in the actual field. 
 
Experiment was laid out in RCBD having four repeats and three treatments 
with three plants per treatment. Total number of fruit plants was 36. All 
cultural practices were carried out uniformly. The data on vegetative growth 
of Kinnow plants were recorded during months of September and April each 
year from 2005 to 2008. 
 
Stock and scion girths were measured in centimeters by wrapping 
measuring tape round the stems of stock and scion. Plant height and spread 
were measured in meters with measuring rod. Plant canopy was measured 
in cubic meters using the following formula:- 

 
Plant canopy (m3)= Plant height (m) x Plant spread (m) x  0.0523 

 



M. A. Nasir et al.  

J. Agric. Res., 2011, 49(1) 

68 

Means were separated by using least significant difference (LSD) at 5 
percent level of probability as described by Steel and Torrie (7). 

RESULTS AND DISCUSSION 
 
Plant height (m) 
 
Significant difference in plant height was observed in the months of April 
2006, September 2006, April 2007, September 2007 and April 2008 except 
September 2005 (Table). During April 2006, maximum plant height (0.86m) 
was observed in plants grafted on Kinnow stock followed by Rough lemon 
(0.85) and Rangpur lime stock (0.70 m).  However, in September, 2006 
plants grafted on Rough lemon excelled in height (1.05 m) followed by 
Kinnow (1.00 m) and Rangpur lime (0.80 m). During all later years maximum 
heights were noted also in Kinnow plants grafted on Rough lemon followed 
by Kinnow stock and Rangpur lime stock. 
 
These results fully support the findings of Niaz et al. (6) who reported that 
Kinnow plants grafted on Rough lemon were vigorous and taller in size with 
more yield. Similar results have also been reported by Broadbent and 
Sarooshi (2). 
 
Plant spread(m) 
 
The data (Table) showed that spread of Kinnow plants grafted on Rough 
lemon was higher than other counterparts during September, 2005 (0.80 m), 
September, 2006 (1.10m), April,2007 (1.35m), September, 2007 (1.70 m), 
April, 2008 (1.91 m) and September 2008 (1.95 m). During April, 2006 
Kinnow plants grafted on Kinnow stock excelled in plants spread (0.86 m). 
Minimum spread was noted in Kinnow plants budded on Rangpur lime stock 
during all years of studies. During September, 2006. Kinnow plants spread 
grafted on Rough lemon, Kinnow and Rangpur lime stocks was noted as 
1.10, 1.0 and 0.35m, respectively while after two years during September, 
2008, these values reached to 1.95, 1.79 and 0.71m, respectively. 
 
It has been reported earlier (1) that Kinnow plants grafted on Rough lemon 
significantly excelled in plant height and spread while Kinnow plants grafted 
on Rangpur lime stock attained minimum plant height and spread. Contrary 
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to this Lima (3) reported that trees budded on Rangpur lime are vigorous in 
growth, similar to trees produced on Rough lemon. 
Table. Effect of various rootstocks on the vegetative growth of Kinnow plants. 
 

Characters Treatment means LSD at 5 % 
 

 Rough lemon 
stock 

Kinnow stock Rangpur lime 
stock 

 

During September, 2005 
Plant height (m) 0.70 a 0.69 a 0.65 a - 
Plant spread (m) 0.80 a 0.74 a 0.34 b 0.19 
Scion girth (cm)   13.00 a 11.50 b 7.19 c 1.38 
Stock girth (cm)  14.00 a 13.00 b 7.15 c 0.34 
Plant canopy (m3) 0.029 ab 0.026 ab 0.011 c 0.54 

During April, 2006 
Plant height (m)         0.85 b 0.86 a  0.70 c 0.17 
Plant spread (m)         0.84 b 0.86 a  0.34 c 0.45 
Scion girth (cm) 15.00 a  12.00 b 7.24 c 1.41 
Stock girth (cm) 15.00 a 13.00 b 7.25 c 1.12 
Plant canopy (m3)         0.037a 0.038  a 0.012 c 0.32 

During September, 2006 
Plant height (m)         1.05 a  1.00 b 0.80 c 0.03 
Plant spread (m)         1.10 a 1.00 b 0.35 c 0.02 
Scion girth (cm)   16.00 a  14.00 b 8.12 c 1.64 
Stock girth (cm)   20.00 a  14.00 b 8.19 c 0.28 
Plant canopy (m3)       0.060 a 0.52 b 0.014 c 0.45 

During April, 2007 
Plant height (m)         1.76 a 0.37 ba 0.90 c 1.37 
Plant spread (m)         1.35 a 1.24 b 0.40 c 0.10 
Scion girth (cm) 21.00 a 19.00 b 9.7 0 c 1.78 
Stock girth (cm) 26.00 a 18.00 b 9.00 c 0.74  
Plant canopy (m3) 0.124 a 0.88 b 0.018 c 0.25 

During September, 2007 
Plant height (m)         2.17 a 1.75 b 0.93 c 0.07 
Plant spread (m)         1.70 a 1.55 b 0.46 c 1.06  
Scion girth (cm) 18.00 a 20.00 b 9.50 c 0.06 
Stock girth (cm) 32.00 a 20.00 b 9.00 c 1.25 
Plant canopy (m3)         0.19 a 0.14 b 0.02 c 0.04 

During April, 2008 
Plant height (m)         2.46 a 2.05 b 0.97 c 0.07 
Plant spread (m)         1.91 a 1.75 b 0.67 c 0.11 
Scion girth (cm)       27.00 a  25.00 b 10.00 c 1.50 
Stock girth (cm)       33.00 a 24.00 b 9.92 c 2.18 
Plant canopy (m3)         0.24 a 0.18 b 0.033 c 0.55 

During September, 2008 
Plant height (m)         2.48 a 2.11 b 0.98 c 0.013 
Plant spread (m)         1.95 a 1.79 b 0.71 c 0.15 
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Scion girth (cm)       29.00 a 28.00 b 11.00 c 0.25 
Stock girth (cm)       33.50 a 29.00 a 12.50 b 3.18 
Plant canopy (m3)         0.25 a 0.19 b 0.036 c 0.67 

 
Scion girth/stock girth 
 
During September, 2005 maximum scion girth was noted in Kinnow plants 
budded on Rough lemon stock (13.0 cm) followed by Kinnow stock (11.50 
cm). Similar trend was noted during other years. During September 2008 
maximum scion girths was noted in Kinnow plants budded on Rough lemon 
stock (29.0 cm) followed Kinnow (28.0 cm) and Rangpur lime stock (11.00 
cm). 
 
Similarly stock girth of Kinnow plants grafted on Rough lemon stock was 
higher during all years with maximum stock girth during September, 2008 
(33.50 cm). It was followed by the plants grafted on Kinnow stock (29.0 cm). 
Kinnow plants grafted on Kinnow stock stood second in stock girth during all 
years.  
 
Plant canopy 
 
Like all other vegetative growth parameters studied, maximum plant canopy 
of Kinnow plants budded on Rough lemon stock was maximum (0.029 m3) 
followed by Kinnow stock (0.026m3) during September, 2005. Similar results 
were noted during other years with highest canopy size in Rough lemon 
stock (0.25 m3) followed by Kinnow stock (0.19m3) during September, 2008.  
 
These results fully support the findings of Singh et al. (7) who reported that 
Rangpur lime stock induced high yield with reduced tree size. 
 
The present investigations revealed that Rough lemon (Khatti) stock has 
faster growth rate of Kinnow fruit plant followed by Kinnow stock. Rangpur 
lime stock exhibited poor growth rate of Kinnow scion under Sargodha 
climatic conditions. Phytophthora foot rot was observed below the graft 
union in Rangpur lime rootstock which is not healthy sign in the stock. 
Moreover, less number of seeds (5 seeds/fruit) with very poor germination is 
also a drawback in Rangpur lime. It looks that all plants budded on this stock 
will dry soon in near future. Quick decline was also noted in Kinnow plants 
grafted on Kinnow stock. Thus Rough lemon (Khatti) is outstanding stock 
among all tested rootstocks.  
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