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‘The tolerance of seedings of six citrus rooistocks was measured
at four saliaily levels (control, 75, 150, 210 mm of MNaCl).

Plant yurvival decreased with increasing salinity for all root-
stocks, Leaf shedding and decrease in fresh and dry weight of roots
and thoots also occured. The overall performance of Yuma cit-
range and Bitter sweet orange was better than the others.

Different ractstocks showed different trends in uptake of sodi-
um and chloride, Yuma citrange accumulsted significantly less
chloride whersas Jatti khatti and Jamberi khati sccumulated sig-
nificant}y higher chloride than other rootstocks,

INTRODUCTION

Salinity and waterlogging are posing & serious threat to agriculure in
Pakistan where approximately 5.86 million hectares of the cultivable land are
salt affected (Mubammad, 1983). This problem must be overcome through the
reclamation of the salt-afected goils or by findiog some salt tolerant species/
varieties,

" Citrus is the most imporiant wipter fruit in Pakistas and is cultivated over
ap ares of 144,200 hectaces with ap annual production of 1,373 metric topnes
{Akhtar, 1985). Failure of citrus in many parts of the country is apparently
caused by 10l salinization,

Most of the citrus fruits are found to be ealt sensivive but varictal diffe-
rences in (this] respect heve been reported (Mertio ef ol. 1952, and Ream and
Furr, 1968, 1576). Joolka and Siogh (1980) found Cleapaira mandarin and
Rangput lime to be salt tolerant and and Bhadri lemon and Jatti khati ta be
susceptible to salinity. '

Sulinity affects the leal composition of plants differently apd this may be



related to their salt tolerance, Pearsop er al, (1937) concluded that increasing
levels of salinity decreasad the concentration of potassivm in the leaves while of
Jones ef al. {1952 aod 1957} found that Na application increased lsaf sodiom
level and redueed total growth of citrys rootstocks. Ayeb and Minesary (1974)
observed that increased =alt levels redaced the vegetative growth and increased
defoliation, as well as incteasing the accumulation of Na, Cl, Ca and N levels
in the leaves but oot levels of P, K, and Mg. Douglas and Walker (1983) and
Walker and Douglas (1983) grew various citrus rootstocks at at different Nacl
concentrations and found that Rangpur lime was a better Cl excluderthan
others. Grieve and Walker (1983) observed that Cleopatra mandarin and
Rangput lime accumulated significant!ly less chloride than rough lemen and
Poncirus trifoliata. ‘They also concluded that differences in chleride accumula-
tion of different rootstocks were not related to vigour. Hayyim and Koch (1984)
suggested that the toxic effect of NaCl in sweet orange was due to accumulation
of chloride,

The response of various citros rootstocks to different ievels of salinity, and
their tolerance is discussed in this paper, This information may be helpful 1o

breeders for breeding salt tolerant rootstock varieties and hortigulturist to
extend citrus plamtation to some salt-affected areas.

MATERIALS AND METHODS

The studies were conducicd in the Depatment of Horticulture, University
of Agriculture, Faisalabad, Pakistan during 1984-85. The foilowing six citrus
roctstocks weoe studied ;

i. Jhatti kbatti {Citrus jombhiri Lush.)
Yolkamariana (Citrus limon Burm, (f.)
Red rough lemon {Citrius jambhiri Lush,}
Yuma citrange (Forcirus trifoliata x Citrus sinensis)
Jamberi khati (Cftrus jombhiri Lush.)
Bitter sweet orange (Cirrus gurantium Lina.)

oy oth Gk b ba
o

About 3 months old seedlings of each rootstock (whose height and leaf
number had been measured) were transferred te ¢ach of four plastic tubs coo-
taining 15 litters of specific nutricnt medium as prepaced according to Hoagland
and Arngn (1950), Plastic foam was used for stuffing in the holes and hold the
seedlings in (ke thermopol sheet floating on the medium to keep the seedlings
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(upright). The nutrient solution was acrated pently vsing ag air compressor for
10 Bours a day.

The pleats were allowed o £row in thin condition for two days. The salt
concentration was then increased ip g slepwise manner on every other day
to final concentrations of 75, 150, 210 mM Nacy while Hoagland medium
served as control, Commercial grade NaCl was used to make Up the required
salinity levels, Salinity levels wers Mmaintained througout the experiment and pH
of the solution was kept between 5.0 and 6.5,

The piants were harvested 25 days after tranrplantiog and the plant suryi-
val rate, plant height, average nomber of leaves, Jeaf area, fresh and dry weigitt
of shoots {stem and leaves} and roots, were Mmeasured,

The experiment wag laid out according to the Split Plot Degigh with threa
replications end four treatments having five plants per experimental ynit of &ix
roptstocks,

Leaf samples were dried in ap even af 60°C for chemical apalysis, Deter-
mination of Na, K and Cl was undertaken a5 follows;

Oven dried ground plant samples (0.25 &) were taken in glasa test tubes to
which 1 m!l of | N HNO wag &dded and heated at (0geC 18 heating blocks,
After shout )5 miautes 6 w! of distilled water was added to each test tube, The
test tubes were again heated for anather 90 mioutes, followed by sheking on the
whirlimixer for one minyte. The plant material was then transferred 1o Plastic
centrifuge tubes and centrifuged at 3CC0 rpm for 19 migutes, The selution was
decanted into 50 m! volumetric fasks, The process was repeated three times
after adding 6 1l of distilled water every time, and the combined extracis mwade
to 30 ml. Na and K wers determined in the extract with a Petracourt PFP-|
flame photmeier., Chloride was analysed with a Corning Chloride Analyzer 925,

The data were subjected to Aoalysis of Variance and individual COL pari-
SOD8 Among treatments were made according to Duncan's Multiple Range Test
at 3% protability level (Duncan, 1955),

RESULTS AND DISCUSSION

Plant survival, plant height, rup ter af feaves and leaf area.
The data in Talle shew that the plant survival decreased from 1009
(contrel) with increace ip sLtstrate salinity levels, The mearn survival was dec-
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Table 11 Effect of different sodium chivride concentration on plant survival plant
height {9, Increase in height plant as compared to comrol), chonge in
rumber of leaves and leaf area (% reduction compared to contral} of
various ciirus roetstocks,

Flant survival percentage Plant heipght
Root Btocks Coatrol 75mM | 50mM 21UmM  Control 75mM 150mM 210mM
0mM
Jatti Khatti 106 933 466 266 092 685 380 5434
Volkamariana 100 8.0 60.0 456 L.77 5644 504 43,58

Red rough lemon 100 100 60,0  33.3 1.57 j4.3 4331 4.6

Yuma citrange 160 106 BO.O  B&.G .81 20,1 817 76,54
Jamberi Khatti i) D33 466 db.6 .02 T35 332 383
Bitter sweet orang 100 100 800 53.3 0.66 955 788 818

Mean 044 2.2 488 7312 50.23 56.1%
Number of Icaves Leal drea

Controi #5mM 150mM 210mM  Contrel Gverall o7

In. Fin. Infdec. Sg.cm,.  reduction
Jatti Khatti 6.86 8.20 140 —22 —30 —383 24.7 58,83
Yolkamariana  4.93 6,00 1.07 —044 —1.6 —1.57 823 61,20
Red rough lemon 6.26 7.40 1.14 066 —2.34 —4.00  102.3 52,35
Yuma citrange 5.4 6,80 1.40 +(L13 —0.96 —0.60 62.3 43,83
Jamberi Khatti 5.8 7.06 1.27 -—088 —3.92 —2.67 83.3 59.37
Bitter aweet 5.73 6.73 1.00 40.67 ~-1.5% —1.33 1060 44,87

orange

54.43
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reased to about 509, at 210mM NaCl. Differsnt rootstocka responded differently
under various levels of salinity. At 210 mM NaCl Yuma citrange had the mayi-
mutn survival (36.6%), followed by Bitter sweet orapge (53.2% survival), while
Jatti Khati (26.6%;) and Red rough lemon (33,3%) bad the lowest survival.

The height of citrus plants seems to be quite sensitive to salinity and even
the lowest salinity level reduced growth for all the root stocks, In general, the

mean relative increase in height was similar at 150 and 210 mM NaCl i, e, 5657
as compared with control.

The reduction of plant growth by sility was also reported by Walker and

Douglas (1983), and may be caused by the disturted water relations of plants
through osmotic effect of the added ealts { Berostein, 1963),

Leaf sheeding in response to salinity was minimum in Bitter sweet orange and
Yuma citrange and showed a slight increase in the cumber of leaves at the lowest
salinity level {75mM NaCl, Other rootstocks started showipg decrease in number
of leaves at this salinity level (75mM NaCl external salinity). Red rough lemon
showed maximum reduction in the numter of leaves followed by Jatti Khati
Jamberi Khati, Volkameriana and Bitter sweet otan gt whire mean reduction
in number of leaves per plant was 3.83, 2.67, 1,57, 1.12 respectively, Yuma
titrange showed the minimum decrease in number of leaves .60 per plant at
210mM NaCl Defoligtion in respense to salinity has also been reported by
Ayub and Miressary (1674) and Cherif er of. (1582} in citrus. 1t appears that
most of the salts are accumuiated in older leaves which ultimately died and wers
shed, This mey be consicered an adsplive mechapism against high substrate
salinity so that the young leaves are kept relstively free of salts. Variela] diffe-
rences were also obvious with respect to leaf ares reduction in response to salinity
with minimum overal reduction in the case of Yuma citrapge (43,88%) and
maximum in Volkamatiana (67.20%). Coasidering the effect of salinity on
various growth patameters of citzus rootstacks, these values show that wide diffe-
rénces eXist Atmong various roctstocks with respect 1o sak tolerance, and that

Yumma citrange and Bilter sweet orapge are the most tolerant of the 6 rootstocks
tested in this stody.

Fresh and dry weight of shoots ond roots
The data showing the effect of selipity oa fresh weight of shoots are pre-
ecnted in Table 2. Anpalysis of varions reyealed that the sifect of salinity is

60



“Table 2. Effect of salinity or freash and dry weight of shoots (sieem and leavery

Root Stock Contral Nall conrentrations Overall percent Dverall percent
Asnntveel fresh Fresh Weight Reduction in fresh  Reduction i dry
Weight (g} mercent nf eontrot wi. {Means) wi. (Means)
. 75mM 150mM 210mM .
Jatti Khatti 2.67bc §5.8ab 41.The 25.Ba 59.1 “ 566
Volkamariana 2.32ab 49,52 383a 2538 622 . 55,89
Red rough Jemon 3.244 85.8: 42.5¢ 16.9a 51.6 - 5418
Yuma Citrange =~ 2.17a 70.9h 5%.0bc 61.5b 348 19.78
Tamberi Khatti 2.7 638 4332 Me1a 556 55.81
Bitfer tweet orange . 3.15¢d §7.7¢c  3d.6hc 31.4ab 45.5 4495

- R

Table 3. Effect af u_ﬂ._.____q.__._mi. on Sedism and Chloride content of leaves {Na®,) Cf meg) 160 g,

Cl contenis

Root Stocks Contro! NaCl concentralions Control Nal! concentrations
| 75mM  150mM  210mM ~ 7smM 150mM 210mM
Jatti Khati 0.55bc 220c  2.06a 213 25 150 100 150
Volkamartana . .28 2.52d 2466 - 1.70b 20 100 125 125
Red ronsh femon | N.34ab 1.90a 2.40b 2.95¢ kI 75 100 150
Yum Citrange 0.58bc 1.9%43b 1.98a 2.3%a 33 50 75 100
Jamberi K hati 0.41ab Tlohe  2.40b 2.38a 2 160 125 175
Birter sweet orange - 0.80bc 254 3.4d5c 312 35 73 125 120
- Mean 4982 - 2.21ab 2.43%e 2.611c  27.0a gl.66k 10R.3} 132.50b
Yariety Mean : 4, W v v, Vs Ve

1,72ba 1717a 1.840s 1.900ab . 1.90ab . 2.478c



highly significant for individual treaiments. It is obvicus from the dafa that
with the increaling the salinity levels the fr:sl;_ weight of shoota among the tested
rootstocks decreased, Varieral differcnces in the fresh weight of shoots among
the tested roctstocks are evident from the datz. At low salinity {75mM Natl)
Bitter yweet orange pave 97.7%0 fresh weight yield as compared with control,
followed by Red rovgh lewon with 85,89 yield, whiie Yolkamariana gave signi-
ficantly lower yield at this level than all other rootsiocks,

The dry weight yield patters wes similar to the fresh weight yields, The
pattern of reduction jo frech weigks yield of shoots was related to retarded setd-
ling growth burning and defcliaticn of feaves (See Table 1) a5 was also noted by
Joties et ol. (1957) Resm and Furr (1568) and Cherif of al. (1982} in various
citros fruits, The fresh and dry weight of roots showed similar pattern to shoots,

Uptake of No and CI by varicus rooistacks

Difference in uptake of C1 by various rcetstecks of Citrus bas been related
te their relative salt tolerance (Gricrve and Walker, 1583), Such differences refl-
ect the specific toaicity of Cl 10 Citrus, Flant leaves of roocistocks included in
the study sbowed impertant differeeces in respect of Cl and Na accumulation
(Table 3). The pattern of differerces, however, changed with the level of subst
rate salinily, Never-the-less, Yuira citran g£¢ which was clearly the most tolerags
rootstock showed the minimum €] &¢cun uiution al allbe salinity levels, and
reflect & bester control cn ) UEfake a1 (Le 1¢ct cell membrane level or subicqu-
€nt tranapoti 1o the shoot, Similarly, Bitter sweel orange alse showed somewhat
better control over C! uptake, while Jatti Khat and Jambiri Kbati were Foor
discriminators in this retpect.  However, the pattern was not #5 clesr in the case
of of Na uptake and might have beeg maskedjobsured because of relative select-
ivity of tke toctstocks fot othes caticns sech as K which may compels with Na
for abaorption sites, '
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