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Seedlings of Troyer citrange [Poncirus trifoliata L. Raf. x Citrus sinensis L. Osbeck] (Tro), Citrus volkameriana 
(Vol), Carrizo citrange [Poncirus trifoliata L. Raf. x Citrus sinensis L. Osbeck], (Car) and Rough lemon [Citrus 
jambhiriLush.] (Rle) were tested for tolerance to chloride in irrigation water, ranging from 0 to 1147 mg L-l chlo
ride, as NaCI. Based on the occurrence of toxicity symptoms on the leaves, Vol was the most tolerant to CI, 
followed by Rle. Decrease in dry mass of shoots and roots with increased chloride levels again showed Vol to 
be the most tolerant rootstock followed by Rle. Tro and Car were the most sensitive to chloride. The shoot: root 
ratio increased with increasing chloride levels indicating that more shoots were produced in relation to roots at 
increasing chloride levels. The percentage chloride in the leaves showed a constant increase with increasing CI 
levels to the point where leaf drop occurred. 

Saailinge van Citrus volkameriana (Vol), Growweskil suurlemoen (Rle), Troyer citrange (Tro) en Carrizo citrange 
(Car) is getoets vir hul verdraagsaamheid teen chloried in besproeiingswater wat gewissel het van 0 tot 1147 
mg L-l chloried, in die vorm van NaCI. Gebasseer op die voorkoms van toksisiteitsimptome was Vol die mees 
verdraagsame onderstam gevolg deur Rle. Na aanleiding van die afname in droe massa van die wortels en 
bogrondse groei met toename in chloried, was Vol meer verdraagsaam gevolg deur Rle, Tro en Car, onderskei
delik. Die wortel:blaar verhouding het toegeneem met toename in chloried vlakke wat 'n bewys is dat meer 
bogrondse groei plaasgevind het by hoer chloried vlakke. Die persentasie chloried in die blare het konstant toe
geneem soos wat chloried vlakke toegeneem het tot op 'n stadium waar blaarval voorgekom he!. 

Keywords: Chloride toxicity, rootstocks, rootshoot ratio 
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Introduction 

Most of the world's citrus is irrigated (Furr & Ream, 1969) 
and salt accumulation often results from use of poor quality 
irrigation water and inadequate soil drainage (Bernstein, 
1975; Backlund & Hoppes, 1984). Citrus is generally consi
dered to be a salt sensitive plant (Bernstein, 1969; Furr & 
Ream, 1969; Kirkpatrick & Bitters, 1969) although a wide 
range of salt . tolerance exists among citrus rootstocks 
(Cooper, 1961; Embleton, Labanauskas & Bitters, 1962; Pey
nado & Roger, 1962). Most rootstocks are adversely affected 
by salinity levels at which conductivity of the satl.l,rated soil 
extract (ECe) is about 250 - 300 mS m- I (Bernstein, 1975),. 'It 
has been reported that heavy losses in production can occur 
even in the absence of visible toxicity symptoms such as leaf 
burn (Harding, Pratt & Jones, 1958; Pearson & Huberty, 
1959; Peynado & Roger, 1962; Shalhevet, Yaron & Horo
wicz, 1974). Furthermore, it has been demonstrated that salin
ity can increase the severity of several root diseases 
(MacDonald, 1982; Willers, 1982; Blaker & MacDonald, 
1986). In the light of similar problems at Zebediela citrus 

estate, in the Northern Transvaal area of South Africa, studies 
have been undertaken to investigate the role of chloride in 
citrus production. The purpose of this study was to evaluate 
the chloride tolerance of four primary rootstocks presently in 
use at Zebediela and to determine a chloride level at which 
rootstocks are adversely affected without showing any visible 
toxicity symptoms. In a subsequent study the effect of chlo
ride stress on the severity of citrus root diseases will be inves
tigated. 

Materials and Methods 

Seedlings of Troyer citrange [Poncirus trifoliata (L) Raf. x 
Citrus sinensis (L.) Osbeck] (Tro), Citrus volkameriana 
(Vol), rough lemon (Citrus jamhhiri Lush.) (Rle) and Carrizo 
citrange [Poncirus trifoliata L. Raf. x Citrus sinensis L. 
Osbeck] (Car) were grown from freshly harvested seed. The 
seed was pre-germinated in sterile sand and transplanted into 
500 ml plastic containers in a mixture of steamed sand and 
peat 5:2 (v/v). Seedlings were maintained in the greenhouse 
for five months at average temperatures of 27°C (day) and 
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Table 1 Visible symptoms of chloride injury to seedlings of Troyer 
citrange, Citrus volkameriana, Carrizo citrange and Rough lemon in 
relation to duration of the chloride treatment 

Electrical Estimated percentage burn on the leaves 

conductivity Chloride of each treatrnent* 

Rootstock (EC2s mS m-I) (mg L-I) 11 12 13 14 15 16 

Troyer 144 0 0 0 0 0 0 0 

150 18 0 0 0 0 0 0 

200 167 0 0 0 0 0 

250 324 2 3 6 12 18 28 

300 476 2 7 10 15 29 

350 625 3 9 14 18 45 

500 1147 40 45 50 62 85 100 

Volkameriana 144 0 0 0 0 0 0 0 

150 18 0 0 0 0 0 0 

200 167 0 0 0 0 0 0 

250 324 0 0 0 0 0 3 

300 476 0 0 0 0 0 5 

350 625 0 0 0 0 13 22 

500 1147 11 25 37 66 70 95 

Carrizo 144 0 0 0 0 0 0 0 

150 18 0 0 0 0 0 0 

200 167 0 0 0 0 3 

250 324. 5 11 21 33 33 

300 476 13 28 51 59 66 88 

350 625 20 35 42 50 60 95 

500 1147 39 48 67 69 74 100 

Rough lemon 144 0 0 0 0 0 0 0 

150 18 0 0 0 0 0 0 

200 167 0 0 0 0 2 

250 324 0 0 0 4 10 

300 476 0 0 0 9 19 

350 625 0 0 2 7 21 35 

500 1147 13 26 40 66 75 97 

*Consists of five trees per treatment, each rated on a scale from 0 to 10, where 0 = 0% 
and 10 = 100% leaf burn 

18°C (night). The plants were watered regularly with distilled 
water and fertilized by foliar spraying with a nutrient solution 
(MuItifeed P, Plaaskem (Pty) Ltd., P.O. Box 87005, 
Houghton). 

A series of solutions with chloride levels of 0, 18, 167, 324, 
476, 625 and 1147 mg L-I chloride (electrical conductivity 
144 - 500 mS m-I) were prepared by adding NaCl to Y2-
strength Hoagland solution (Bonner & Galstan, 1952). Seed
lings were watered three times per week with the various 
solutions, until excess solution drained from the bottom of 
each container. Five replications per treatment were included 
and visible toxicity symptoms were assessed. at regular inter
vals (Table 1) on a scale from 0 to 10 where 0 = 0% and 10 = 
100% leaf burn. The experiment was terminated after 16 
weeks, plants were harvested, the roots rinsed clean under 
running tap water and the dry mass of roots and shoots deter
mined after drying for 48 h at 50°C. The data were analysed 

by means of Tukey's test (Steel & Torrie, 1980) at the 5% 
level of significance. From this data shoot : root ratios were 
calculated. Chloride content in the leaves was determined 
potentiometrically. 

Results 
Troyer and Carrizo seedlings treated with the highest chloride 
concentrations of 1147 mg L-I chloride showed symptoms of 
chlorosis and bronzing, typical of chloride toxicity (Backlund 
& Hoppes, 1984) after seven weeks of treatment. Volkameri
ana and Rough lemon only developed toxicity symptoms after 
11 weeks at 1147 mg L-I chloride (Table 1). After 11 weeks 
of treatment Troyer and Carrizo showed toxicity symptoms at 
chloride levels as low as 324 mg L -I (Table 1). In addition to 
chlorosis and bronzing, die-back also developed at the highest 
chloride level, on all rootstocks tested. Leaf drop occurred 
and almost all seedlings eventually died after 16 weeks. 
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Figure 1 Shoot dry mass of Volkameriana, Rough lemon, Troyer 
and Carrizo as influenced by chloride. Chloride concentration 
ranged from 0 to 1147 mg L-I with corresponding electrical conduc
tivities of 1.4 - 5 mS m- I (x 1 00). Mean separation by Tukey's test 
(P = 0.05), for each rootstock separately. 

Plant dry mass decreased with increasing salinity (Figure 1 

& 2). At 167 mg L-I chloride (EC25 200 mS m- I ), plant dry 

mass was reduced by an average of 11.5%, 9.5%, 15% and 

18.5% for Vol, Rle, Tro and Car, respectively, after 6 weeks. 

At this chloride level, no toxicity symptoms occurred after 98 

days of treatment although some chlorosis was observed with 

Tro, Car and Rle at 6 weeks (Table 1). 

Chloride affected the shoot: root ratio differently for each 

rootstock, although the general tendency was an increase in 

the ratio with increased chloride concentration; for all root

stocks (Figure 3). Vol and Rle has the highest average ratio 

followed by Tro and Car, respectively. 

The percentage chloride in the leaves consistently 

increased with increasing levels of NaCI (Figure 4). At the 

highest chloride treatment as much as 8% chloride had accu

mulated in the leaves of Vol and Rle. 
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Figure 2 Root dry mass of Volkameriana, Rough lemon, Troyer 
and Carrizo as influenced by chloride. Chloride concentration 
ranged from 0 to 1147 mg L-I with corresponding electrical conduc
tivities of 1.4 - 5 mS m- I (xl00). Mean separation by Tukey's test 
(P = 0.05), for each rootstock separately. 
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Figure 3 The shoot: root ratio for Volkameriana, Rough lemon, 
Troyer and Carrizo irrigated with 1f2-Strength Hoagland solution plus 
chloride. Concentrations ranged from 0 to 1147 mg L-l chloride with 
corresponding electrical conductivities of 1.3 to 5 mS m- I (x 100). 

Discussion 

These results indicate that Vol and Rle are more tolerant to 
high chloride levels in irrigation water than Tro and Car. 
Some rootstocks have the ability to exclude chloride up to a 
certain point, which make them more tolerant than others 
(Grieve & Walker, 1983; Walker & Douglas, 1983). This was 
probably the case with Vol. According to the leaf analysis, 
Vol had the lowest percentage chloride up to the second high
est chloride treatment (625 mg L-l chloride). Thereafter, the 
ability to exclude chloride was lost, accumulation of chloride 
commenced and leaf-drop occurred extensively. This ten
dency was not clearly defined in the case of Rle, Tro and Car. 
In Table 1 it is shown that Rle can tolerate chloride at 467 mg 
L -I for 13 weeks without any visible damage, whereas both 
Tro and Car showed damage after 11 weeks at an even lower 
chloride level of 324 mg L-I. 

Dry root and leaf masses clearly demonstrate that plant 
growth is reduced at medium to high salinity levels (167 mg 
L-l and higher). This is a confirmation of the results of 
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Figure 3 The percentage chloride in the leaves of Volkameriana, 
Rough lemon, Troyer and Carrizo irrigated with 1f2-strength Hoag
land solution plus chloride. Concentrations ranged from 0 to 1147 
mg L-I chloride. The vertical bars represent standard deviations. 



98 

various workers. (Furr & Ream, 1968; Furr & Ream, 1969; 
Graham, Brlansky, Timmer, Lee, Marais & Bender, 1985). 
Plant roots are affected the most. The salt, in this case chlo
ride, restricts the growth of new roots, which is followed by a 
reduction in total plant dry mass. Typical above-ground 
symptoms are the bronzing of leaves, resulting in leaf-drop 
(Bernstein 1975). This will lead to smaller trees which are 
more susceptible to environmental stress'and root pathogens, 
and show a marked reduction in yield. Vol had the highest 
shoot : root ratio, which is an indication that although the 
roots were damaged, shoots were produced in large quanti
ties. The fact that certain rootstocks can exclude chloride 
from the shoots explains this phenomenon. The chloride is 
excluded to a great extent before damage can occur. This is 
shown if one compares the percentage chloride in the shoots 
(Figure 4) with the amount of chloride damage (Table 1) that 
occurred after 16 weeks. 

It was demonstrated that different rootstocks respond in 
different ways to salinity stress and that some of the root
stocks are more tolerant than others. A certain chloride level 
was achieved at which plants showed a decrease in total dry 
mass without any visual symptoms being observed (167 mg 
L-l chloride). In a subsequent experiment seedlings will be 
treated with chloride in combination with root disease fungi 
to further determine the effects of chloride on growth and root 
rot of rootstocks (in the greenhouse). 

It can be concluded that chloride levels exceeding 200 mg 
L-l can damage citrus trees with a reduction in growth and, 
consequently, production. The effects when pathogens are 
brought into the picture remain to be evaluated. It is probable 
that high chloride levels in irrigation water will predispose the 
plant roots to root disease caused by pathogens such as Phy
tophthora, Fusarium and Tylenchulus. 
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