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Curry leaf (Murraya koenigii (L.) Sprengel) is an important spice tree propagated by seeds. However, the seeds are
sensitive to desiccation and considered as recalcitrant. Therefore, an experiment was conducted to analyze its level of
desiccation and changes takes place during water loss. The results indicated that the reduction in seed moisture from
47.4 per cent leads to loss in viability. In which, the initial seed germination (100 %) declines slowly during desiccation
and at the seed moisture content of 33.1 per cent it recorded 69 per cent germination at six days of exposure under
ambient temperature (30±20C). Further moisture loss leads to drastic reduction in germination and hence, this could
be the critical or lowest safe moisture content. In addition, the reduction in seedling vigour and enzymatic activity and
increase in seed leachate were noticed during desiccation of the curry leaf seeds.
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INTRODUCTION

MATERIALS AND METHODS

Curry leaf (Murraya koenigii (L.) Sprengel) is an important
leafy vegetable cum spice species belongs to the family
Rutaceae. It is originated in India and spread by Indian
migrants to Sri Lanka, Bangladesh, Malaysia, Pakistan, South
Africa and Reunion Islands. The trees are small spreading
shrub and the leaves are the major economic part. The leaves
are used at very small quantities to make distinct aroma in
Indian dishes. The leaves are also contains certain amount
of volatile oil and glycoside called “Koenin” which has the
good digestive property in human system. Therefore, the
leaves are being used in many Indian ayurvedic and unani
medicines [1].

The fully ripened fruits were collected and the seeds were
extracted manually. Then, the seeds were uniformly graded
and treated with carbendazim fungicide. The seeds were spread
in the trays in a thin layer and placed at ambient condition
(30±20C) for desiccation. Similarly, the fruits were also placed
for desiccation. Then, the fruit and seed samples were taken at
once in two days interval for assessing the moisture content,
physiological and biochemical changes takes place in the seed
during desiccation. The fruit and seed moisture content were
determined by hot air oven method at 1050C for 16±1 h.
Germination test was conducted in four replications with 100
seeds each in sterilized sand medium [4] and the final evaluation
was done at 50 days after sowing. Speed of germination was
calculated by using the formula [5], X1/Y1 + X2-X1/Y2 +…….+
Xn (Xn-1)/Yn, where, Xn- number of seeds germinated at nth
count, Yn- number of days from sowing on nth count. Seedling
length was measured in randomly selected ten seedlings during
the evaluation of the germination test. Also, the vigour index
was calculated by multiplying the germination percentage and
seedling length [6].

Curry leaf is mainly propagated through seeds and it has
polyembryonic nature [2]. However, the seeds should
be sown immediately after collection because of short
viability [3]. Also, the storage of seeds is difficult for longer
period. Therefore, the present study was contemplated to
assess the Critical Moisture Content (CMC) or Lowest Safe
Moisture Content (LSMC) for maintaining the seed viability
and vigour. In addition, the physiological and biochemical
changes takes place during desiccation was considered in
the study.

Electrical conductivity of seed leachate was measured in
the seeds placed for desiccation [7] and free sugar of such
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The data collected were subjected to statistical analysis [12] and
the critical difference values were calculated at 5 % probability
level.

RESULTS AND DISCUSSION
In general, the seeds are classified as ‘orthodox’ and ‘recalcitrant’
based on the storage behavior. In which, the orthodox seeds can
tolerate the desiccation temperature and recalcitrant are sensitive
to that. However, the degree of sensitivity varies with species [13].
Usually, the recalcitrant seeds contain high moisture content
which is mainly because of their inhabitant in humid regions. Also,
the seeds are shed from mother plant with high moisture content
of 30 to 70 percent [14]. Likewise, the results of the present study
in curry leaf showed that the freshly collected fruits and seeds had
high moisture content (55.3 and 47.4%). However, the reduction
in moisture content was noticed when it was stored under ambient
condition (30±20C). Similarly, the seed germination was declined
gradually from 100 to 69 per cent at six days after desiccation with
the reduction in seed moisture content of 33.1 per cent. Thereafter,
a certain reduction in germination (23 %) was noticed at 27.6 per
cent moisture content of the seed. Subsequently, the germination
was reduced greatly and recorded nil germination at 15.9 per cent
moisture content. Therefore, it could be confirm that the curry leaf
possess the desiccation tolerance up to the seed moisture content
of 33.1 per cent and said to be critical level for the maintenance
of seed viability. The reduction in fruit and seed weight was also
observed due to loss in moisture content (Table 1). Similar, results
of viability reduction was reported by the scientists in many
recalcitrant species. For example, the critical moisture content
(CMC) for various crops viz., rubber (25 %) [15], jack (39 %) [16],
avocado (49 %) [17], arecanut (32.8 %) [18], cocoa (22.0 %) [19],
nutmeg (34 %) [20] and Opilia amentacea (15-19 %) [21] was
found earlier. Nevertheless, the critical moisture content also called
as ‘Lowest Safe Moisture Content (LSMC)’ [22]. The CMC was
inconsistent in Shorea chinensis seed in different drying regimes

Also, the desiccation tolerance in recalcitrant or intermediate
seeds is depends on drying rate and the slow drying gives more
tolerance than rapid drying [24]. Fosbergiam shweliensis seeds
act as partly desiccation-tolerant i.e., intermediate in storage
behaviour [25]. In case of Gymnacranthera canarica, the
seeds showed recalcitrant behaviour and can be stored up
to two and half months in laboratory conditions [26-28].
Similarly, the present study indicated that the initial speed of
germination (1.18), seedling length (21.9 cm), seedling dry
matter (0.61 g/10 seedlings) and vigour index (2197) were
reduced during desiccation. Nevertheless, the least speed of
germination (0.02), seedling length (6.7 cm), seedling dry
matter (0.01 g/10 seedlings) and vigour index (14) were recorded
on 12th day of desiccation up to which the seeds showed viability
(Figure 1 & 2). Reduction in seedling vigour might be due to
the desiccation effect in the seed which particularly causes the
damage to the cellular organelles. In addition to curry leaf,
such reduction in seedling vigour with desiccation was recorded
in many crops like rubber [15], jack [16], avocado [17] and
arecanut [18]. The seed vigour was higher during early stages of
harvest in litchi and longan seeds [29] as recorded in curry leaf.
The leachate electrical conductivity, free sugar, seed chlorophyll,
α-amylase and total phenol contents were also observed during
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and the seed lasts its viability completely when they were dried
to 46 per cent moisture content and the scientists identified this
as ‘Lethal Moisture Content’ [23].

Seedling length (cm)

leachate was also determined [8]. In addition, the seed
chlorophyll content was measured at 652 nm using UV-VIS
spectrophotometer [9]. Alpha-amylase [10] enzyme activity
and total phenol content [11] of the seeds were analyzed at
620 and 650 nm respectively, using UV-VIS spectrophotometer.
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Figure 1: Effect of desiccation on seed vigour and seedling length
in curry leaf

Table 1: Effect of desiccation on seed traits and viability in curry leaf
Desiccation (Days)

Fruit weight (g)

Seed weight (g)

Fruit moisture (%)

Seed moisture (%)

Germination (%)

3.89
3.80
3.23
2.68
2.54
2.34
2.32
2.30
0.18
0.37

1.69
1.49
1.37
1.12
1.05
0.99
0.88
0.80
0.08
0.18

55.3
49.4
45.1
42.4
37.3
32.6
28.2
22.6
0.72
1.50

47.4
42.1
38.2
33.1
27.6
23.4
18.3
15.9
0.40
0.84

100 (87.1)
100 (87.1)
94 (75.8)
69 (56.2)
23 (28.7)
14 (21.9)
2 (8.1)
0 (2.8)
7.6
15.7

0
2
4
6
8
10
12
14
SEd
CD (P=0.05)

(Values in parenthesis indicate the arc sine transformed values)
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desiccation of curry leaf seeds which showed significant
differences in fresh and desiccated seeds. It was noticed that
the loss of seed moisture leads to increase in solute leakage in
which the freshly collected seeds have showed the minimum
solute leakage (77.6 µSm-1) while, it was increased (499.7 µSm-1)
at the 14th day of desiccation (Table 2). Also, the leachate free
sugars were showed the increasing trend from 0.81 to 2.71 mg
seed-1 during desiccation of the seeds (Table 2). Usually, the curry
leaf seed possess the chlorophyll pigment which ultimately gives
green colour to the seed. However, the seed chlorophyll content
gets decreased from 1.08 to 0.35 mg g-1 of seed at 14th day of
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Figure 2: Effect of desiccation on seedling vigour in curry leaf

desiccation (Table 2). Therefore, the seed colour becomes brown
or black at 30th day of desiccation (Figure 3) and indicates the
death of the seed. In addition, the α-amylase enzyme activity
was also reduced in desiccating seed in which it was higher in
fresh seed (10.75 mg g-1 of seed) and tends to decrease rapidly
(6.24 mg g-1 of seed) during desiccation storage (Table 2).
The total phenol content was also showed decreasing trend in
curry leaf seed during desiccation in which, it declined from 8.96
to 6.28 µg g-1 of seed (Table 2). Similar to curry leaf, increased
seed leachate contents due to desiccation were reported
earlier in arecanut [18]. Cell membrane instability leads the
electrolyte leakage [30, 31]. During desiccation, reduction in
phenol content was noticed in arecanut seeds also [18]. Similar
reports on loss of membrane integrity leads to efflux of cellular
constituents like sugar, amino acid, phenol and phosphates
were reported earlier [32]. Also, reduction in amylolytic enzyme
activity during desiccation seeds was reported earlier [33-35].
Similarly, Pammenter and Berjak [36] opined that the damage of
recalcitrant seeds were due to absence or incomplete expression
of physical characteristics of cells and intracellular constituents,
metabolic `switching off’ and `switching on’ mechanism, together
with antioxidant systems, the presence and operation of repair
systems. Similarly, scientists suggested the possible reasons for
fall in viability of recalcitrant cocoa seeds [37]. The deteriorated
seeds produced larger quantities of volatile growth inhibitory
substances during germination [38] and the compounds include
isovaleraldehyde, isobutyraldehyde, propionaldehyde, methanol,
acetaldehyde, methyl acetate, diacetyl etc. [39].

CONCLUSION

a

bb

c
Figure 3: Effect of desiccation on changes in seed morphological
traits in curry leaf. a. Fresh seed (viable); b. 15 days after desiccation
(non-viable); c. 30 days after desiccation (non-viable)

Therefore, it is concluded that the freshly harvested curry leaf
possess the high seed moisture content of about 47.4 per cent.
However, the reduction in seed moisture content was recorded
along with the loss in seed viability during storage. Therefore,
the critical moisture content or lowest safe moisture content
for curry leaf seed has been fixed as 33.1 per cent below which
rapid reduction in viability was recorded. Also, the reduction in
speed of germination and seedling vigour were recorded due to
loss of seed moisture. Increased electrical conductivity and free
sugars in seed leachate were also observed. Desiccation effect
also caused the reduction in phenol, chlorophyll and α-amylase
activity in the seed. Therefore, it is important to store the curry
leaf seed without much loss of moisture from the seed.

Table 2: Effect of desiccation on biochemical changes in curry leaf seed
Desiccation (Days)
0
2
4
6
8
10
12
14
SEd
CD (P=0.05)
40

Electrical conductivity (µSm‑1)

Free sugars
(mg g‑1 of seed)

Total phenols
(µg g‑1 of seed)

Seed chlorophyll (mg g‑1 of seed)

α‑amylase
(mg g‑1 of seed)

77.6
138.0
202.0
223.9
286.4
318.1
495.3
499.7
70.4
145.4

0.81
0.93
0.97
1.42
1.63
1.82
1.91
2.71
0.01
0.03

8.96
8.82
7.51
7.19
6.74
6.56
6.52
6.28
0.08
0.18

1.08
0.72
0.49
0.48
0.42
0.38
0.37
0.35
0.007
0.014

10.75
9.90
9.58
9.20
8.76
7.01
6.32
6.24
0.07
0.15
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