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Summary

Accelerated ageing of seeds of Dalbergia sissoo Roxb.. a mulu-purpose tropical legume tree. was etfective as a
vigour test only at temperatures in excess of 43 C for 72 h. [nereased leakage of solutes accompanied the de-
crease in viabihiy, but there was no relatonship between seed size and conductivity. Analyses of D. sixson
lipids indicated that palmitic acid was the most common saturated faty acid and hnoleic acid the most common
unsaturated fany acid. While total percentages of saturated and unsaturated fatty acids vaned hittle throughout
the course of the experiment. quantties of all individual tauy acids decreased during the ageng process.

Introduction

A chain of physiologial events begins in seeds long before the cessaton of viability. It
starts with the degradation of membranes and passes through energy svnthesis mecha-
nism impairment. Decline in respiration. biosvnthesis. germination rate. storability. rate
of growth and development. unitormity. plant resistance. yvield. and field emergence oc-
cur. as does an increase in the number ot abnormal scedlings (Delouche and Baskin
1973). Quanttative and qualitative changes in carbohydrates. lipids and proteins also
provide information about metabolic changes associated with deterioration during stor-
age (Anderson 1973).

All these events can take place over a period as short as a few weeks or as long as
several vears. In order to obtain information on seed vigour in a timely manner. the ac-
celerated ageing technique 1s commonly used. through which changes in the seed at the
cellular level during long-term storage can be simulated within a comparatively short
period of tme by exposing seeds to increased temperatures (40—5°C) and a high rela-
tive humidity (Delouche. Rushing and Baskin. 1968: Abdul-Baki. 1969: Delouche and
Baskin, 1973). Accelerated ageing i1s an accepted vigour test for many agricultural
species (AOSA. 1983) and tor some temperate torest tree species (Bonner, 1984:
Blanche. Elam and Hodges. 1990: Marquez-Millano. Elam. and Blanche. 1991).

Research on deterioration of many tropical tree sceds under accelerated ageing condi-
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tions has not been done. In this paper we explore whether or not the technique can be
applied to Dalbergia sissoo Roxb. seeds. In addition, we determine if significant
changes in leachate conductivity and fatty acid composition occur in aged seeds.
Dalbergia. a valuable multipurpose legume tree. occurs naturally over a wide range of
climatic conditions. from the valleys in the outer Himalayas where severe winter frost is
aregular climatic feature to the heat-stressed upper Gangetic plains. Dalbergia has also
been planted in the states of Rajasthan. Harvana. and Punjab. where it has adapted well
10 summer temperatures which can exceed 47°C.

Materials and methods

In December. 1994, seeds of D. sissoo were collected from two locations in India
(twenty trees per locality) and bulked. Seed lot A was from a natural forest located on
an ideal exposed river bed site. while seed lot B was collected from a planted under-
story of Dalbergia trees growing in a natural forest of Shorea robusta. The seeds were
manually extracted from the pods and treated with pesticides and insecticides for
quarantine purposes before being brought to the United States.

Accelerated ageing procedure

Seeds were washed throughly in distilled water and blotted dry. After the initial mois-
ture content was determined according to the International Seed Testing Association
Rules (ISTA. 1993). the seeds were placed on wire mesh holders inside “Stults*
Accelerated Aging” plastic boxes (l14emx 14 em x 5 em) containing 70 ml of distilled
water. The containers were then randomly placed inside *Stults* Accelerated Aging’
cabinets. and the seeds were subjected to four different temperatures — 39°C, 4]°(C,
43°C and 45°C - and nearly 100% relative humidity. Four replications of fifty seeds
for the germination test and a weighed quantity of seed (about 500 mg) for fattv acid
determination were withdrawn at intervals of 48. 72 and 96 h. The seeds withdrawn for
the germination tests were first used for the determination of leachate conductivity.

Seeds not subjected to accelerated ageing were used as controls.

Germination resis

An initial germination test was conducted at 20°C/30°C and 8/16 h day/night cvcles,
Since the germination rate using this temperature and light program was low, all tests in
this experiment were carried out at a constant 30°C and 12 h day/night cycles. Seeds
were considered germinated when the cotvledons emerged fully from the seedcoat.

Leachare conductivine measurements

After each accelerated ageing treatment, seeds were submerged in 40 ml of glass dis-
tilled water at room temperature. After 24 h. the seeds were removed. and electrical
conductivity of the leachate water was determined using a YSI* model 32 single probe
conductivity meter.,
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Lipid extraction and faity acid analvsis
A weighed quantity of seed (500 mg) was ground in liquid nitrogen and then stirred in
hot isopropyl alcohol for 10 min (Fishwick and Wright 1977). The seed material was
filtered out. the alcohol vacuum evaporated in a flask. and the seed pellet twice rinsed
with 2:1 chloroform (CHCI.) methanol (MEOH). The pellet. rinse. contents of the vac- 3
uum flask. and 3 mg of an internal standard (heptadecanoic acid) were stirred in 30 ml | 2 E
of the 2:1 CHCI,/MEOH for 30 min and then filtered. The supernatant was measured in- ‘
to a separation flask and shaken once with a 0.9% (w/v) sodium chloride (NaCl) solu- ' "
tion measuring 0.2 its volume and twice with a 1:1 MEOH/0.9% (w/v) NaCl solution }
measuring 0.5x the original volume. in the manner of Folch. Lees and Sloane Stanley :
(1957). The bottom laver was drained into a flask. vacuum evaporated. and the lipids

' redissolved in 0.5 ml CHCl..

The fatty acids and 1 ml of a 14% (w/w) solution of boron trifluoride-MEOH (pre-

mixed) were pipetted into a reaction vial and heated in boiling water for 3 min
(Metcalfe and Schmitz 1961). The reaction was stopped with | ml of distilled water.
and 2 ml of petroleum ether were added to the vial. After shaking. the upper layer was
pipetted into a vial and dried under a stream of N.. The methyl esters were redissolved ;
and stored in 0.45 ml of CHCl.. Fifty ul ot a second standard. nonadecanoic acid (1.5 d

| mg/ml). were added just prior to sample analysis on a HP 5890 gas chromatograph
equipped witha 30 m x 0.53 mm x 0.5 pJ & W megabore DB-23 column. The initial

| column temperature. 110°C. was held for 5.50 min and then increased at 30°C/min to

l I30°C and held for 20 min. Injector temperature was set at 200°C and detector tem-

[ perature at 220°C. A petroleum ether soxhlet extraction was also performed on 1 g of

3 freeze dried seed from each seed lot.

Results and discussion

Moisture content and germination
The maisture content of the two seed lots varied somewhat initially: seed lot A had a
moisture content of 10.1%. and seed lot B of 8.9%. The germination of control seeds of
both lots A and B was very high. 97.5 and 95.5 respectively (Table 1). However. differ-
ences between lots were discernible following ageing: lot B was almost always charac- |
terized by poorer germination than lot A. After 48 h at 39, 41. and 43°C. germination of i
i lot B was significantly lower than that of lot A (p = 0.05). which remained relatively I
unatfected by the increased temperature and humidity. However. as duration of the ac-
celerated ageing treatment increased. the germination differences between the seed lots
became non-significant (p = 0.07. 0.34 at 72 h and 96 h. respectively). Only at 45°C f
, was there a sharp decline in the germination percentage of both the lots. which in- f
creased with time of ageing. This suggests that the best combination of time and tem-
perature for accelerated ageing tests of D. sissoo sceds is 72 h at 43°C. and that the ini- '
tial variation in moisture content was too small to affect the accelerated ageing proce-
dure.
Increasing temperatures up to 43°C had almost no apparent adverse effect on the
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Table 1. Effect of accelerated ageing on the germination ot Dalbergia sissoo seed.

Hours aged

Sample lot Temp. (°CY 0* 48 72 96
A 0 97.3 - - -
39 - 91.0 92.0 89.0
41 - 93.0 60.5 89.5
43 - 93.0 62.0 70.0
43 - RE 23.8 12.5
B 0 955 - - _
39 - 73.0 $9.0 79.5
41 - 67.5 340 72.0
43 - 71.5 43.5 75.0
43 - 28.5 17.0 14.5
*Controls

emergence of radicles. Abnormalities began to develop later. however. with the radicle
turning brown as the seedlings matured. The higher percentage of abnormal seedlings
accounted for the low percentage of germination at temperatures below 43 °C. but at
45°C there was a higher rate of decline in germination due to seed decay. The lower
germination values after 72 h of accelerated ageing remain inexplicable. but do match a
similar trend in the leachate conductivity data (Figure 1). On the whole. seeds of D. sis-
soo may be expected to tolerate high temperatures and humidity since these conditions
prevail in its natural habitat between the time of seed dispersal and germination. Seeds

100

80

8

20

% Germination

0
29 79 129 179 229 279 329 379 429

Conductivity (pS)

< Seed Lot A
4 Seed Lot B

Figure 1. The relation-
ship between lcachate
conductivity and percent
germination of  Dalber-
yid sissoo seeds in lots A
(C. solid line) and B (A.
dashed line).
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are dispersed by the wind intermittently throughout the early summer and remain ex-
posed on the ground in the hot summer months.

Leachate conductiviy

Figure 2 shows the conductivity of leachates per gram fresh weight of seed. At all tem-
peratures through 43°C. the conductivity remained below 100 us for all periods of age-
ing. Predictably, the conductivity values were generally higher for lot B than A.
Leachate conductivity increased sharply at the 45°C accelerated ageing temperature,
and, as expected. values increased as ageing progressed from 48 h to 96 h. The impor-
tance of temperature treatment on leachate conductivity was fairly significant (r > 0.75)
on both seed lots throughout the experiment (Table 2). However. low r values resulted
when the effect of duration of the experiment on leachate conductivity was measured at
39. 41, and 43°C: the exception was at 43°C, when duration of the accelerated ageing
treatment proved very important in both seed lots A and B (r = 0.97 and 0.82. respec-
tively). There was no relationship between seed size and leachate conductivity; this has
generally been the case with smaller seeded species (Vozzo and Bonner. 1985: Bonner
and Vozzo. 1987).

Conductivity (uS)
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Figure 2. The effect of accelerated ageing on the leachate conductvity measurements of Dalbergia sissoo
seed lots A and B. Values presented are us/g tresh weight,
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Table 2. Correlation coetficients (r) measuring the importance of temperature on leachate conductivity after

48,72 and 96 h of accelerated ageing,
Duration Seed lot A Seed lor B

thy

48 764 850
72 T .799
96 785 817

Lipid extraction and farry acid analysis

Soxhlet extractions of . sissoo seed vielded a low amount of lipid. 0.058] /g dry
weight. Analyses of lipids determined that the MOSt common saturated fatty acid was
16:0 (palmitic acid, 19.5%). and the most common unsaturated fatty acid was 18:2
(linoleic acid, 43.99%,). Quantities of individual fatty acids per gram of seed tissue are
presented in Table 3. Overall, both temperature and duration of the accelerated ageing

treatment had a significant effect on the seed fatty acid content (Table 4). The high
negative correlations in seed Jot A at 72h and 96h and in seed Jor B at 96h indicated
that significant reductions in all major fatty acids were occurring at both temperatures
41°C and 45°C after 3 days of accelerated ageing. Despite this overall reduction, the in-
dividual fatty acid makeup of the lipid varied little between treatments and seed lots
(Table 5). In seed lot B, individual fatty acid percentages increased or decreased as little
as 2% at all times and temperatures throughout the experiment: variation was 6% in
seed lot A,

Table 3. Individual fatty acid contents (Mg fresh weight) of Dalbergia sissoo seeds subiected to accelerated
ageing at 41°C and 45°C. Values within a column tollowed by the letter “a° are not significantly different

from the control valye ar p <0.05.
Lot 12:0 14:0 16:0 16:1 18:0 18:1 18:2 20:0 Tortal

A-control 0.01 0.10 3.91 0.22 1.89 354 8.92 117 19.76
A-4]1-48 0.01a 0.03a 1.27b 0.10a 0.74a I.18a 281a 0.39a 6.53
A-41-72 0.01a 0.04b 1.51a 0.10a 0.86a 1.52a 4.00a 0.52a 8.56
A-41-96 0.00a 0.02a 0.83b 0.07a 0.54a 0.76b 1.84b 0.26a 432
A-45-4% 0.01a 0.03a 244a 0.08b 1.22a 235 5.73a 0.77a 12.55
A-45-72 0.00a 0.02a 0.90b 0.08a 0.493 0.79b 1.91b 0.26a 445
A-45-96 0.00a 0.00a 0.07b 0.00b 0.05b 0.07b 0.12b 0.01b 0.32
B-control 0.01 0,08 4.09 0.16 2.05 347 9.06 1.30 20.22
B-41-48 0.01a 0.02b 1.07b 0.13a 0.66b 0.88b 2.27b 0.30b 5.34
B-41-72 0.00a 0.04a 1.18b 0.21a 0.74b 0.99h 2.67b 0.36b 6.19
B-41-96 0.01a 0.06a 1.94b 0.08b 1.28b 1.78b +.82b 0.58h 10,55
B-43-48 0.00b 0.05b 1.89h 0.11b 1.03b 1.56b 4.25b 0.58b 947
B-45.72 0.01a 0.03a R 0.16a 1.24a 1.94, 4.909, 0.635a 119
B-43-96 0.00a 0.04b 1.93b 0.01b 1.12b 1.79b 4.70b 0.63h 10.22

Lot=1LotAor3 - accelerated ageing lemperature - time of ageing,
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Table 4. Correlation of amounts of individual fatty acids of two Dalbergia sissoo seed lots and temperature of’
accelerated ageing treatment. All correlation values are negative,

Palmitic Stearic Oleic Linoleic Arachidic
Seed Lot Duration 16:0 18:0 1R8:1 18:2 20:0
A 48h 749 768 739 720 712
72h 993 994 993 994 994
96h 994 996 994 1993 994
B 48h .784 788 .788 785 777
72h J10 647 634 .706 736
96h 953 990 934 961 935

We conclude that the accelerated ageing technique works well on seeds of D. sissoo,
despite the extremes of temperature found in the species’ native environment. While
temperatures up to 43°C had no effect on the germination of vigourous seed. seeds did
deteriorate when exposed to 45°C and a high relative humidity. Interestingly, while
initial viability was high for both seed lots. seeds from the more ideal site (A) almost
always had a higher percent germination than those from site B. This suggests some
connection between seed vigour and site quality and indicates that. when harvesting
Dalbergia seeds for planting, superior nutrient-rich sites should be selected in order to
obtain the best seed (Kearney and Bonner 1968: Owens and Blake 1985). This con-
clusion is reinforced by further germination studies on the seeds. After 9 months stor-

Table 5. Individual fatty acid contents (%) of Dalbergia sissoo seeds subjected to aceelerated ageing at 41 °C
and 45°C. Values within a column followed by the letter "a” are not significantly different from the control

value at p £ 0.03,

Lot! 12:0 14:0 16:0 16:1 18:0 18:1 18:2 20:0
A-control 0.0 0.5 19.8 1.1 9.6 17.9 45.2 5.9

A-41-48 0.10b 0.5a 19.7a l.6b 11.3b 18.0a 43.0b 3.9a
A-41-72 0.1a 0.4a 17.6b 1.2a 10.1b 17:7a 46.8b 6.1b
A-41-96 0.1b 0.7b 18.5b 1.7 12.5b 17.9a 42.7b 5.9a
A-45-48 0.la 0.4b 19.3a 0.6b 9.8a 18.0a 45.7b 6.1b
A-45-72 0.1b 0.5a 19.9a 1.9b I1.1b 17.8a 43.0b 5.8b
A-45-96 0.0b 0.3a 22.1b 0.0b 14.4b 20.3b 39.0b 3.9a
B-control 0.0 0.4 19.6 0.7 99 16.7 46.3 6.3

B-41-48 0.1a 0.4a 19.9a 2da 12.4b 16.5b 42.7b 3.7b
B-41-72 0.1a 0.6a 19.0b 2.8a 12.1b 16.1a 43.35a 5.9a
B-41-96 0.1a 0.5b 18.1b 0.7a 12.2b 17.0b 43.9b 553
B-45-48 0.0a 0.5b 20.0a 1.2a 10.8b 16.5b 44.9b 6.1b
B-45-72 0.1b 0.5b 19.1a 1358 11.0b 17.2a 44.6b 5.8b
B-45-96 0.0a 0.4b 18.8b 0.9a 10.8b 17.6b 43.3a 6.1a

"Lot = Lot A or B - accelerated ageng emperature - tume of ageing.
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age at room temperature. viability of seed lot A was still very high (95.5%). while that
of lot B had dropped to 38%. The percent of abnormal seedlings was 1% in lot A and
8% in lot B.

As expected. leachate conductivity was positively related to accelerated ageing tem-
perature. indicating that increased permeability of the membranes is involved in the
ageing process. However. a direct relationship between conductivity and percent germi-
nation was not evident. Changes in the fattv acid content of the aged seeds were also in-
dicative of decreasing viability. There was generally a drop in total fatty acid content
with time of ageing: however. the overall percent composition of the individual tatty
acids making up the lipid component varied little throughout the course of the experi-
ment.
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