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STUDIES ON SEED DESICCATION TOLERANCE IN FOUR CITRUS SPECIES
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The effect of desiccation on germination and viability of Citrus seeds at different levels of moisture content was
explored. Seeds of four Citrus species investigated showed little sensitivity to desiccation tolerance and exhibited
recalcitrant to intermediate storage behavior. The experiments on dry storage and factors effecting germination all
demonstrated the importance of seed coat in determining the germination performance of Citrus seeds. The effect
of GA3 on mean germination percentage was also slightly significant. The studies on seed organic reserves
suggested that the protein was high in Sacatan citrumelo where as fats were high in Sacatan citrumelo and
Savage citrange. The total sugar content was more in Bitter sweet orange and Sacatan citrumelo. The role of
desiccation and moisture content in Citrus seed viability and longevity is discussed.
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INTRODUCTION

Citrus seeds are either mono- or polyembryonic in
nature and are largely utilized for raising rootstocks as
well as in breeding program. Many reports stated that
viability of Citrus seed lowered by drying, viability being
decreased when the moisture contents reduced. Fully
ripened seeds will retain viability longer than seed
collected while immature. Seeds of high initial viability
will store better than those with low initial viability.
Many factors influence longevity of Citrus seeds in
storage, including type of seed, stages of maturity, pre-
storage treatments, storage environment and moisture
content at storage time. Undamaged seed will retain
viability better in storage than seed physiologically
damaged during collection.
Citrus seed have been classified as the recalcitrant as
some species lost their viability when the moisture
content is reduced below 10% (Roberts, 1973). The
term recalcitrant was introduced by Roberts (1973) to
characterize seeds, which cannot with stand
desiccation and thus cannot be stored under the dry
conditions used for orthodox seeds. Recalcitrant seeds
are also characterized by their very short life-span and
chilling sensitivity have been observed in numerous
recalcitrant seeds species, and it has thus been
suggested that the recalcitrant category includes a
different seed storage behavior (Farrant et al., 1988).
Citrus seeds were formerly classified as "recalcitrant";
that is, they did not tolerate desiccation and low
(cryogenic) temperatures, conditions usually desirable
for long-term storage of seeds. More recently, Citrus
seeds have not been considered to be truly
recalcitrant, as they can tolerate desiccation to some
extent. However, this tolerance is limited and varies by
species and variety. Citrus seeds are thus somewhat
intermediate between orthodox and recalcitrant seeds,
and can be referred to as "non-orthodox" (Hong et al.,
1995).

The advantages of storing dry seeds are that they
occupy little space, easier to handle and maintain free
from microorganisms. Viability and germination of
Citrus limonia seeds were monitored during storage for
up to six weeks in open and refrigerated at 100C + 45%
relative humidity. Both the parameters showed decline
during storage that was least in seed stored at 10°C+
45% relative humidity (Kadam et al., 1994).
Citrus aurantiifolia seeds can be successfully
cryopreserved after desiccating them to moisture
content of 12.93% (50% Viability) while seeds of Citrus
halimii exhibited only 25% viability after cryopreservtion
at moisture content of 9.5%. Seeds of C. hystrix,
however, are sensitive to desiccation as they failed to
germinate when the moisture content was reduced to
27%, and thus did not survive cryopreservtion. The
highest survival obtained was 60% at moisture content
of 11.04% (Normah and Serimala, 1995). The
germination percentage of lime seeds decreased
linearly with time and the seeds become unviable after
120 days, at room temperature. With storage at 4°C,
90% of the seeds with 5 or 10% moisture content
remained viable for at least 270 days, while only 50%
of seeds with 20% moisture content remained viable
after this period of storage (Simbolon and
Panggabean, 1986).
This is known that the seed coat generally is one of the
major factors influencing the seed germination (King
and Roberts, 1980). Citrus seed coat may contain
natural inhibitor that block the germination of the
seeds. Impermeable hard seed coat will retain viability
longer than those with soft permeable seed coat. It was
reported that gibbrellic acid (GA3) increases either
germination rates or final germination percentage as
observed in Grapefruit and Kinnow mandarin (Khan et
al,2002b).
The chemical composition of the Citrus seed is
intensing, they are rich in great variety of substances,
for example protein, fat, sugar etc. The amount and
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nature of reserve food usually related to the length of
the dormant period.
This study was initiated to investigate the role of
desic~ation in maintaining Citrus seed viability. Factors
affecting the germination capacity and viability like the
seed coat, dry storage and organic reserves were also
examined.

MATERIALS AND METHODS

Plant Material: Seeds of four Citrus species used as
rootstocks viz: Bitter sweet orange (Citrus aurantium
L), Kharna khatta (Citrus kama Raf.), Sacatan
citrurnelo (Poncirus trifoliata Raf. x Citrus paradisi
Mad.) and Savage citrange (Poncirus trifoliata Raf.x
Citrus sinensis L) were collected from the
Experimental ~ruit Garden, Sq. No.9, University of
Agrrculture, Faisalabad. Fruits were cut into two halves
with a sterile knife and seeds were collected over
sieves. Extracted seeds were washed in running tap
water several times to remove the mucilage. Seeds
were dried over filter paper. Extracted seeds were
treated with Vita Vex for 10-15 minutes against fungal
attack and stored at 5°C ±1 until use.
Se~d Treatment and Storage: At each sampling time
moisture content was determined using ground
samples of 15 seeds of each species in an oven at
103°C for 17 hours (ISTA, 1993) and was expressed
on dry weight bases. The seeds were surface sterilized
using 10% Sodium hypochlorite solution for 10 minutes
(Mu.mford and Grout, 1979) and rinsed thoroughly in
distilled water. The seeds were air dried to obtain 15%
moisture content at room temperature and stored
under 5±1°C in refrigerator for 80 days. Seeds were
sown in Petri dishes (9 ern) on Whatman No. 1 filter
paper that was moistened regularly with distilled water
and placed in a growth chamber at 25±2°C. The test
was replicated three times (20 seeds/replication).
Gibbrellic Acid Treatment
Freshly harvested seeds of Citrus species, Kharna
khatta, Bittersweet orange, Savage Citrange and
Sacatan citrumelo were obtained from the
experimental fruit garden, Department of Horticulture,
University of Agriculture, Faisalabad.
The seeds (ambient moisture 36-40%) were treated
with gibbrellic acid (GA3). The treatments were control
(distilled water), 35 ppm, 40 ppm and 60 ppm
concentrations of GA3. The seeds were steeped for 24
hours at 20°C and then incubated for germination tests
in Petri dishes (9 ern) on Whatman No. 1 filter paper
that was moistened regularly with distilled water. The
rate of seed germination was recorded daily till
complete germination. The test was replicated three
times with 20 seeds replicate.

Seed Dimensions and Morphology: Seed size (mm)
was measured usmq a screw gauge micrometer, with
30 replicates of each citrus specie. Citrus seed
textures were recorded by visual observations.
Polyembryony in 4 citrus rootstocks was recorded in 60
seeds. Weight of 100 seeds was also recorded in each
specie.
Determination of Citrus Seed Organic Reserves
Protein: A known weight of dried sample (W) was
digested In Kjeldahl flasks. Five grams of digestion
mixture (FeS04-6H20, CUS04 and K2S04) and 25ml
conc. H2S04 were added in each flask. The contents
were heated slowly then vigorously for about 2-3 hours
until a light green solution was obtained. After cooling,
the digested sample was diluted with distilled water
and the volume was made up to 250 rnl Then 10ml
solution was taken and distillation was made after
adding 10ml of 40% NaOH. The distillate was collected
in beaker containing 10ml of 2% boric acid solution
with methyl red as indicator. Then contents in beaker
were titrated against N/10 H2S04 to golden yellow color
as end point. From the acid used, Nitrogen amount
was calculated. The observations were recorded in
triplicate.
Fat (Ether extract): Three grams of dried sample was
taken Into an extraction thimble. It was plugged with
cotton .. The sample was extracted with petroleum
ether In a Soxhlet's apparatus by fixinq the rate
condensation of ether at 90 to 100 drops per minutes.
The process was continued for about six hours. The
ether extract was transferred to trade, weighed Petri
dish. Placing it in an oven at 60°C till it attained a
constant weight evaporated the excess ether.
Total sugar (Nitrogen free extract): Nitrogen free
extract was determined by difference.
NFE % = 100 - (% crude protein + % ether extract + %
ash + % crude fiber)

RESULTS

Initial and Final Moisture Content of the Stored
Citrus Seeds: There was considerable decline in the
moisture content of Citrus seeds after 80 days storage
stored at 5±1°C (Table 1). The seeds of four species
were checked at four different pre-storage moisture
levels. All species with different pre-storage moisture
levels stored for 80 days showed considerable
reduction in moisture content. Minimum decline in
moisture content was found in Kharna khatta at four
different pre-storage moisture levels when stored for
80 days at 5±1°C. Maximum decline in moisture
content was observed in Sacatan citrumelo. At 13.42%
pre-storage moisture level was reduced to up to 9.03%
after 80 days of storage.

56



Seed Desiccation tolerance in citrus species

OMC 48.91% ~MC37.93% emMC45.84% OMC 35.82%

OMC 25.76% ~MC 13.93%
mMC 23.55% OMC 12.81%

120
_ 120
~- ~

:>!! :g, 100e.... 100
Q)

nI

Cl
.•..

l'll
c 80

'E 80
Q)

Q)

u

o
•..

•.. Q)

Q) 60
0.. 60

0.. c:
c

0

0
; 40

:;:: 40
nI

nI
c:

c
'E 20

'E 20
•..

•..
Q)

Q)

C)
C)

c: 0
e 0

t'll
nI

Q) Coated
Q) Coated Decoated

:iE Decoated :!:

Day (0)
Day (80)

Fig 1. Effect of Moisture Content on Mean Germination Percentage of Kharna Khatta
Seeds (Coated & Decoated) Stored at Days (0 & 80)
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Fig 2. Effect of Moisture Content on Mean Germination Percentage of Bitter sweet
Orange Seeds (Coated & decoated) Stored at Days (0 & 80)
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Fig 3. Effect of Moisture Content on Mean Germination Percentage of Savage Citrange
Seeds (Coated & Decoated) Stored at Days (0 & 80)
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Fig 4. Effect of Moisture Content on Mean Germination Percentage of Sacatan Citrumelo Seeds
(Coated & Decoated) Stored at Days (0 & 80)
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Fig 5. Effect of GA3 on Mean Germination Percentage of
Four Citrus Species

Effect of Different Moisture Content on Seed Mean
Germination Percentage: The results showed that
coated seeds of Kharna Khatta at day (0) gave
maximum (96.6%) mean germination percentage when
the moisture content was high (48.91 %). After 80 days
of storage the effect of desiccation indicated that the
intact seeds of Kharna khatta showed decrease in
mean germination percentage with the loss of moisture
content. As the moisture content was reduced from
48.91 %-45.84% the mean germination percentage was
also reduced from 96.6-90.0% (Fig. 1). The same
pattern was observed at all moisture content. In case
of decoated seeds at day (0), the maximum (100%)
mean germination percentage was observed in the
seeds having high moisture content (48.91%). The
mean germination percentage showed considerable
reduction with the reduction in moisture content. The
same behaviour was depicted by the intact and
decoated seeds of Bitter sweet orange (Fig. 2), Savage
citrange (Fig. 3) and Sacatan citrumelo (Fig. 4) at day
(0) and after day (80) storage.

Seed Morphological Characteristics: Generally
Citrus seeds were oval, plump in appearance and
rounded at one side. There was marked range in seed
size from small (48.5mm) in case of Sacatan citrumelo
to large (69.7mm) in Kharna khatta (Table 2). While
Bitter sweet orange (66.3mm) and Savage citrange
(58.6mm) were at intermediary position. The visual
texture of seed coat was wrinkled in Bitter sweet
orange and Savage citrange, while it was smooth in
the rest of two rootstocks seeds. The 100 seed weight
of Savage citrange was higher (19.87g) than Bitter
sweet orange (17.46g), followed by Sacatan citrumelo
(14.45g) while the 100 seeds of Kharna khatta showed
minimum weight (13.98g). Citrus seeds are usually
considered polyembryonic. Bittersweet orange showed
maximum (2.51) average number of embryos, followed
by Kharna khatta (2.49) and Sacatan citrumelo (2.37).
The Savage citrange showed minimum (2.35) average
number of embryos.
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Table 1. Moisture Content of Citrus Seeds at the Time of Storage and Harvest

Storage Time Moisture Contents (%age f.wt.)
(Days) Kharna khatta Bitter sweet orange Savage citrange Sacatan citrumelo
Pre-storage 48.91 47.53 48.00 42.91
80 days 45.84 45.24 46.51 39.29
Pre-storage 37.93 37.87 35.92 33.52
80 days 35.82 35.40 34.02 30.04
Pre-storage 25.76 25.92 25.92 27.00
80 days 23.55 24.71 21.53 25.29
Pre-storage 13.93 13.82 12.93 13.42
80 days 12.81 12.76 10.99 9.03

Table 2. Seed Morphology of Citrus Species

Citrus Species
Morphological Characters

Kharna khatta Savage citrange Bitter sweet Sacatan
orange citrumelo

Seed size (mm) 69.76±1.15 58.6±1.07 66.3±1.12 48.5±0 78
100 seed weight (g) 13.98 19.87 17.46 14.45
Polyembryony 2.49±0.16 2.35±0.22 2.51±0.17 2.37+0.20
Moisture %age 48.91 48.00 47.53 42.91
Visual seed coat structure Smooth Wrinkled Wrinkled Smooth

Table 3. Citrus Seed Composition

Species Protein (%) Fat (%) Total Sugar (%)
Kharna khatta 3.25±0.70 54.15±0.16 34.6±0.62
Savage citrange 3.25±0.28 54.22±0.14 34.52±0.25
Bitter sweet orange 3.12±0.27 53.7±0.11 34.62±0.24
Sacatan citrumelo 3.35±0.06 54.22±0.10 34.62±0.33

Effect of GA3 on Citrus Seed Germination: The
results showed that the seeds of Kharna khatta treated
with GA3 gave maximum mean germination (100%)
when seeds dipped in 35 and 60 ppm GA3 for 24
hours, while minimum mean germination (96.6%)
percentage was depicted by those seeds which were
dipped in distilled water and 40 ppm GA3. The Bitter
sweet orange seeds indicated maximum mean
germination percentage when seeds were treated with
35 and 40 ppm GA3. In case of Savage citrange
considerable increase in mean germination percentage
(96%) was found in those seeds which were treated in
35 ppm concentration of GA3 for 24 hours. All other
concentrations also showed maximum germination
than the control. The significant effect of GA3

concentration was also observed in the seeds of
Sacatan citrumelo. / Maximum mean germination
percentage (95%) were depicted by the seeds which
are treated with 35 ppm of GA3 while the control seeds
and the seeds treated with 40 and 60 ppm GA3 showed
mean germination percentage (93%). The results

indicated that all the four Citrus species gave
maximum mean germination percentage when the
seeds were treated with 35 ppm of GA3 concentration
for 24 hours (Fig. 5).
Citrus Seed Organic Reserves: The presence of
proteins, fats and sugar in all species showed inter-
cultivar differences. Sacatan citrumelo seeds showed
maximum protein percentage (3.35%) followed by
Savage citrange and Kharna khatta (3.25%) whereas
minimum protein content (3.12%) was observed in
Bitter sweet orange. Fat percentage was higher in
Sacatan citrumelo and Savage citrange (54.22%)
followed by Kharna khatta (54.15%) and minimum fat
was in Bitter sweet orange (53.7%). As far as sugar
percentage is concerned maximum percentage
(34.62%) was found in Bitter sweet orange and
Sacatan citrumelo while minimum sugar content was
found in Kharna khatta (34.60%). In Savage citrange
total sugar percentage was 34.52%. The results are
summarized in Table 3.
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DISCUSSION

Seed Desiccation tolerance in citrus species

The moisture content of four Citrus species at pre-
storage and at the time of harvest (after 80 days of
storage) was recorded and little changes in moisture
content were observed over the period of 80 days
storage. The reduction in moisture content depends on
time of storage. Citrus seeds stored for prolonged
period exhibit in loosing moisture content (Khan et al.,
2002a). Results indicated that there was a con-
siderable decrease in the germination percentage of all
the four species of Citrus with decrease in the moisture
level. It is also observed that after 80 days of storage,
germination percentage decreased in the seeds of
Kharna khatta, Bitter sweet orange Savage citrange
and Sacatan citrumelo. Moisture loss showed
significant effect on seeds longevity. However, Citrus
seeds exhibited range of storage behaviour from
recalcitrant to intermediate. Loss of viability in Kinnow
mandarin was strongly influenced by moisture content,
when dried to 15 or 7% moisture content indicating
recalcitrant storage behaviour (Khan et al., 2002a).
The results reported here is an agreement with results
from Kaula mandarin (C. reticulata Blanco), which
declined to 24% viability when stored at 23% moisture
content for 80 days at 4.5°C (Mallareddy et aI., 1977).
In our treatments, deterioration was rapid in Sacatan
citrumelo, which showed declined up to 80% when
stored at 10.9% moisture content. The results are also
similar to the findings of Normah ~t aI., (1997) and
Hong et aI., (2000) that low moisture content
significantly effects the germination.

It is also found that removal of seed coat increase the
mean germination percentage of all the four species of
Citrus. The germination was improved by removing the
outer seed coat before storage (Mumford and
Panggabean, 1982 and Radhamani et al., 1991).
Results on desiccation tolerance showed that the
seeds of Kharna khatta were found to be more tolerant
to desiccation whereas the seeds of Sacatan citrumelo
were intolerant to desiccation. The results of these
experiments confirmed that the seeds of different
Citrus species vary widely in desiccation tolerance.
This variability is also apparent in some other genera,
e.g. Araucaria and Dipterocarpus (Tompsett, 1984,
1987).

The results indicated little significant effect of GA3 on
mean germination percentage of Citrus seeds. There
was some evidence that in most cases GA3 may have
hastened germination significantly by not more than
one or two days. It may be concluded that GA3 only
had marginal effect on the mean germination
percentage of all the four Citrus species. There was no
evidence that treatments have any particular effect on

mean germination percentage which is in accordance
with Soetisna et al., (1985), who reported that GA3 has
little or no effect on lemon seed germination. No
significant effect of GA3 on final germination of
Grapefruit and Kinnow mandarin was also reported,
(Khan et al., 2002b). Our results also showed that
lower concentration of GA3 significantly effect the
mean germination percentage than the higher, which
are similar to the findings of Ono et al., (1995).

Results of seed and seed coat morphology showed
varied differences among four Citrus species. Usually
Citrus species are considered to be polyembryonic.
The species investigated in this experiment showed no
significant differences in total number of embryos. The
results are in accordance with Khan et al., (2002b),
who also reported no significant difference in total
number of embryos among three Citrus species viz:
Grapefruit, Kinnow mandarin and Rough lemon.

The marked difference in seed organic reserves viz:
protein, fats and total sugar content were recorded.
Seed chemical composition had described an
important factor in maintaining seed viability. In
particular, seed fats (unsaturated fatty acid) may cause
loss of viability. The relationships between fats and
viability have mostly been concerned with dry storage.
The records of dry storage and longevity are held
mostly by legumes with starchy seeds (Harrington,
1972). Oily seeds usually exhibit poor storage life, e.g.
sesame, mustard and linseed stored up to 12 months
showed marked decrease in germ inability (Nandi et aI.,
1982). The results described here also showed high fat
content in all four Citrus species and this may
contribute in deteriorating seeds rapidly.

CONCLUSION

The four species differ markedly in their desiccation
tolerance in coated or decoated seeds. The viability, as
measured by germination, was reduced for Sacatan
citrumelo seeds when the moisture content was
dropped below 12% whereas high germination
percentage was observed in Kharna khatta. All four
species varied in storage behaviour and there is need
for further exploration in larger species. The decoated
seeds depicted maximum germination percentage than
the intact seeds after the periods of dry storage. It is
concluded that GA3 had marginal effect on Kharna
khatta and Bitter sweet orange. The effect of GA3 on
the seed germination suggested that lower
concentration enhance the final germination
percentage. Seed organic reserves did not show any
relationship with desiccation tolerance. However, high
fat (unsaturated fatty acids) content may have role in
shortening seed longevity.
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