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Abstarct

Seeds of four raya cvs., viz. RL 1359, RLM 198, RIM 619 and RL.M 514 were desiccated for 2,
7, 15 and 45 days wchich led to different levels of seed moisture. Data on germination capacity
speed of germination, seedling dry weight, electrical conductance, dehydrogenase activity and
seed storage behaviour for up to two years after desiccation were recorded. Based on this data,
cvs. RL 1359 and RLM 514 were found to be tolerant to desiccation to as low as 0.73 and 1.16
per cent seed moisture levels, respectively. Seeds of RLM 198 tolerated desiccation up to 2.28
per cent seed moisture. However, RLM 619 seeds showed desiccation injuries in seedling dry
weight, electrical conductance and speed of germination at moisture levels below 5.67 per cent.

INTRODUCTION

Orthodox seeds show improved storability on desiccation to between 14-5 per
cent seed moisture (Harrin gton, 1960). Such treatment can be useful to pre-
serve the carryover seed lots and elite material in sealed storage for longer dura-
tions. The lower limits of seed moisture for hermetic sealing, given by the Federal
Seed Act (U. S. Dept. Agric. 1968) appear 1o be quite high and can be reduced
further without causing injurious effects in the seeds. There are four studies on the
physiology of extremely desiccated seeds (Khattra etal, 1991) and those that
have been conducted have indicated induction of injuries in the seeds immediately
after desiccation. These observations cannot be generalized for all crop seeds since
various seeds respond differently to equivalent levels of seed desiccation. Brassica
juncea seeds show satisfactory storage only for one season after harvest under ordi-
nary storage conditions. Therefore, the physiology of extremely desiccated seeds
was investigated in order to locate the level of injuries in the seed due to such low
moisture levels.
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MATERIALS AND METHODS

Seeds of Brassica juncea (L.) cultivars RL 1359, RLM 198, RLM 619 and RLM
514 werc obtained immediately after harvest from the Dept. of Plant Breeding, PAU,
Ludhiana, India. The seeds had the following respective moisture levels: 5.55, 5.90,
5.67, and 5.66 per cent. Healthy and uniform by sized seeds of all the cultivars were
desiccated to different seed moisture levels on fused calcium chloride in desiccators
for 2,7, 15 and 45 days at 32 + 2°C and the seed moisture percentage was determined
by drying the seeds in an oven at 105 + 1°C for 17 h. After the prescribed period of
desiccation, the seeds were hermetically sealed in brown glass bottles and stored at
room temperature. Seed germination in triplicate lots of hundred seed each was tested
on paper towels at 25 + 1°C in a Biological Oxygen Demand (B.0.D.) incubator. Per
cent germination was counted daily up to day 7 of germination. Speed of germination
was calculated after Agrawal and D adlani(1984). The root and shoot lengths
were measured on the 7th day of germination. On the 7th day, ten seedlings from each
replicate were dried at 80 = 2°C for 48 h in a hot air oven and their dry weight was
recorded. Membrane leakage was measured indirectly by measuring solute efflux (EC)
of the seed leachate using a Digital conductivity meter (Naina Digital Conductance
meter 733). Total dehydrogenase activity was measured with the TTC test (Aloni,
1982). Crushed seeds (200 mg) were incubated in 3 ml of 0.08 per cent 2, 3, 5 wiphenyl
tetrazolinum chloride solution (0.05 M potassium phosphate buffer, pH 7,4) at 25°C
for 4 hin the dark in a B.O.D. incubator. Red colour so developed was eluted in ace-
tone and read at 485 nm. Seed germination, speed of germination and seedling dry
weights were recorded at three month intervals for up to 2 years of hermetic sto-
rage.

RESULTS AND DISCUSSION

Germination capacity speed in cvs. RL 1359 and RLM 619 remained unaf-
fected with desiccation of seeds from 5.5 to 0.73 and 5.67 to 0.7 per cent seed mois-
ture, respectively, while both these parameters were significantly reduced in cv. RLM
198 below 2.28 per cent seed moisture. On the other hand, cv. RLM 514 registered
a significant increase in both seed germination and its speed with seed desiccation
below 5.6 per cent moisture. E111s et al. (1981, 1982) showed no injuries in
cassava and cowpea seeds on desiccation up (0 3.2 and 4.4. per cent moisture con-
tent, respectively and the life of these desiccated seeds showed a drastic reduction
in germination from 94 to 50 per cent on desiccation from 14.8 to 3.7 per cent mois-
ture. The desiccation damage was avoided if the moisture content of seeds prior (o
the germination test was raised by humidification (E111is et al., 1990).

Seedling performance in terms of root shoot lengths showed no deleterious
effects of desiccation in all four cultivars of raya. The effect of seed desiccation was
non-significant on seedling dry weights in cvs. RL 1359 and RLM 198, whereas
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cv. RLM 619 showed a significant reduction in the seedling dry weights with desic-
cation. However, in cv. RLM 514, seedling dry weight increased significantly with
seed desiccation.

Seed vigour in term of root/shoot dry weights was reduced with desiccation in
soybean and pigeonpea seeds while in case of wheat no such reduction was ob-
served on extreme seed desiccation (K hattra etal, 1991), Nutile (1964)
reported that soybean seeds dehydrated to 3.0 per cent moisture showed delayed
germination and produced seedlings with deformed radicles.

Elecirical conductance is an indirect measure of membrane integrity. As seeds
dry out the cell membranes lose their integrity and solute leak out rapidly in pea
embryos (Simons andRaja Harun, 1972). Increased electrical conductance
reflected injury of cell membranes in the present study because electrical conduc-
tance in cvs, RLM 198 and RLLM 619 increased with increased desiccation levels.
Solute leakage was proportional to the degree of seed hydration in cotton and pea
seeds (Simmon and W e ib e, 1975). In soyabean and pigeonpea seeds, desic-
cation injury was expressed through increased solute efflux with progressive desic-
cation (Khattra etal, 1991). Electrolyte leakage from seeds of cv. RL 1359
remained unaffected while cv. RLM 514 showed a significant decline in electrolyte
leaching with increased desiccation. Such observations point to the maintenance/
improvement of membrane permeability and thus no injury. Similar observations
were recorded in the case of wheat seeds which were considered to be desiccation —
tolerant (Khattra etal., 1991).

Desiccation of cvs. RL 1359, RLM 198 and RLM 619 seeds had no effect on
dehydrogenase activity, while cv. RLM 514 sceds recorded a significant rise in this
activity with desiccation. Kh attra etal (1991) reported no change in dehydro-
genase activity in wheat seeds with desiccation (o about 1.0 per cent seed moisture.
Increase in dehydrogenase activity in RLM 514 is an indication of high vigour of
the low moisture seeds compared to non-desiccated seeds. Burris et al. (1969)
showed a positive correlation between tetrazolium staining with seed quality and
subsequent seedling vigour in naturally and artificially aged soyabean seeds.

In storage the non-desiccated seeds of all four cultivars showed a reduction in
per cent germination, wereas no such reduction with storage for up to two years
was shown in the desiccated seeds of these cultivars, except in cv. RLM 198 where
seeds at 1.07 per cent moisture level registered a decline in their germination ca-
pacity (Table 2). It is significant to notice that the desiccated seeds invariably main-
tained a higher germination capacity their respective controls at equivalent stages
of storage. At respective intervals of seed storage, speed of germination was higher
in the desiccated seeds of cvs. RL 1359, RLM 198 and RLM 514 as compared to
their non-desiccated seeds at a comparable stage of storage, while in cv. RLM 619
desiccated seeds kept a lower speed of germination when compared to that in its
non-desiccated ones (Table 3).

The dry weights of seedlings raised from stored seeds were comparable at
respective storage periods in desiccated and non-desiccated seeds in cv. RL 1359
(Table 4).



Effect of desiccation on germination capacity, speed of germination, root and shoot lenght, seedling dry weight, electrolyte leakage

Table 1

and dehydrogenase activity

Electrolyte
Cultivar Moisture content| Germination Speed of Root length Shoot length Seedling ]cakagi De hyt‘ir.olgenase
(%) (%) germination (cm) (cm) dry weight umho's 24 b-! activity
(mg) 50 seeds ! 0D 200 mg I p!

RL 1359 5.55 92.6 56.8 10.49 4.19 38 47.1 0.040
2.74 92.6 59.8 11.45 4.21 38 47.3 0.030
2.19 92.3 61.0 11.56 4.13 39 46.8 0.030
0.73 92.0 62.2 9.67 4.11 37 47.5 0.040

CD (0.05) NS NS 1.01 NS NS NS NS
RIM 198 5.90 96.0 66.1 11.28 5.25 19 30.3 0.037
2.92 96.0 71.8 10.16 4.65 19 30.6 0.036
2.28 92.0 61.5 10.68 4.60 18 39.4 0.041
1.07 88.0 67.8 9.47 4.57 17 34.0 0.041

CD (0.05) 4.16 2.61 NS NS NS 0.76 NS
RILM 619 5.67 98.0 64.6 11.14 3.33 34 30.8 0.091
2.59 95.3 50.2 9.41 2.84 25 357 0.080
2.10 95.3 53.1 9.80 225 28 44.2 0.080
0.70 96.0 54.6 9.35 2.21 25 36.2 0.090

CD (0.05) NS NS NS NS 6.50 6.18 NS
RIM 514 5.60 89.3 83.0 10.23 4.80 17 32.6 0.055
2.69 96.6 93.0 10.29 493 24 27.3 0.058
1.97 95.3 91.0 10.56 4.93 21 25.0 0.068
1.16 91.3 89.0 11.22 3.82 24 24.2 0.073
CD (0.05) NS NS NS NS 443 321 0.010




Table 2

Germination capacity of Brassica juncea (L.) cultivar seeds at differend levels of moisture
and intervals (months)

. Storage Period (month
Cultivar | Moisture ¢ ¢ )

(%) 0 3 6 9 12 15 18 21 24

RL 1359 5.55 92.6+2.8 92.3+3.6 94017 93.0x20 94.0£2.6 83.0+2.6 820x26 82015 80.0£2.6
2.74 92.6+23 92.7+20 95.0+1.0 95326 95.0+2.6 94.0 £3.6 94.7+2.0 96.0+1.2 96.0 +1.7
2.19 923+20 93.0+3.0 94017 95336 943120 95.0+1.0 95026 93.0x3.0 92.0+2.6
0.73 92.0£0.6 91.0£20 91.0£2.0 91.7 338 92.3+5.1 92.0+2.6 92.3+4.6 92.0x2.0 90.0 +2.6

RLM 198 5.90 960+1.5 94.7+20 95.0+2.0 953+£1.0 94.0+2.1 84.0+1.0 80.0+2.6 81.7+20 780=x1.5
2.92 96.0 £ 0.6 96320 963+ 1.0 94.0£2.0 95.0+2.6 95.0+£2.0 92.0+2.7 88.0+3.6 88.0+£2.6
2.28 92017 92.3x20 93.0x2.0 91.3+23 93.0+2.0 92.0+2.0 90.0+2.1 823+1.6 82.0+1.0
1.07 88.0+1.7 87.0+3.0 850+20 83.0=x16 83.0+1.8 84345 83.0+£2.0 81.0x23 81025

RILM 619 5.67 98.0+0.6 97.3+3.0 96.0 £ 0.6 96.7 £2.6 94.0 +3.0 90.7+£1.2 850+1.0 840+17 84.0+26
2.59 953+28 95.0+23 94.0+2.1 91.3+20 920x17 94013 91.5+33 93.0£27 93.0+2.0
2.10 95.3+2.8 93.30+ 2.0 94.0£1.6 923+20 93010 93.0+2.0 920+26 933+1.0 93020
0.70 96.0 £ 0.6 06.7+38 93.0+17 91.0+20 T 2x17 90.0+2.1 89.0+1.5 90.0+3.0 88.0+£20

RLM 514 5.60 89.3+2.6 87.0+2.0 84.0+17 81.3+£36 | 820+1.0 83015 80.0+2.0 80.0 £ 1.7 80.0+2.0
2.69 96.6+2.0 96.3+£2.0 94017 95720 95.0+1.7 96.0+2.5 94.0+2.6 95.0£2.0 95.0+1.7
1.97 953+1.0 95.3+28 94.0£2.6 94.0+3.0 96.0+1.0 950+1.6 | 94.0=x17 93.0+1.7 94.0+1.0
1.16 913423 90.3+2.0 91.0+2.1 89.7 +3.0 90.0+2.1 90.3+16 90.0£20 89.0+£20 90.0+1.0




Table 3

Speed of germination (SG) of Brassica juncea (L.) cultivar seeds at differend levels of moisture
and intervals (months)

Cultivar Moi;}ture Storage Period (month)
(%) 0 3 6 9 12 15 18 21 2
RL 1359 5.55 56.8 57.0 54.0 53.3 55.0 54.0 56.0 547 56.0
274 59.8 60.0 58.0 57.8 58.0 56.0 574 58.0 60.0
2.19 61.0 589 60.0 63.0 62.0 60.0 58.7 61.3 61.0
0.73 62.2 61.2 62.0 58.0 60.0 60.5 57.0 577 60.0
RLM 198 5.90 66.1 65.3 64.0 63.8 64.7 60.0 55.0 55.3 54.0
2.92 71.8 69.0 68.3 67.2 69.0 68.3 65.0 66.3 66.0
2.28 61.5 61.0 60.0 63.1 60.1 62.0 64.0 61.0 60.0
1.07 67.8 68.3 66.0 66.5 68.0 66.7 65.2 65.2 64.0
RLM 619 5.67 64.6 62.4 63.0 60.3 61.2 60.3 60.0 55.0 56.0
2.59 50.2 47.8 52.0 54.3 52.0 50.3 53.0 54.0 54.0
2.10 531 51.3 50.0 50.8 524 520 51.0 51.0 50.0
0.70 54.6 55.2 53.0 54.3 54.0 53.2 52.0 52.7 50.0
RLM 514 5.60 83.0 80.7 82.0 82.3 83.0 72.3 68.0 68.0 66.0
2.69 93.0 94.2 90.0 93.2 92.0 913 90.0 91.0 92.0
1.97 91.0 92.7 93.0 92.3 91.0 91.3 91.0 88.0 87.0
1.16 89.0 88.2 87.0 88.3 87.0 88.3 88.0 87.0 88.0




Table 4

Seedling dry weight of Brassica juncea (L.) cultivar seeds at differend levels of moisture
and intervals (months)

Storage Period (month)

Cultivar Moisture
(%) 0 3 6 9 12 15 18 21 24
RI. 1359 5.55 38015 36.0 + 4.0 360+1.0 353+1.1 35020 34.0+2.6 31.0+1.0 33.0+£2.6 33.0+£2.0
274 38.0x1.7 38315 39.0%1.0 380+ 1.0 400=+1.5 38020 37710 37.0+1.0 38.0+1.2
2.19 390+1.6 | 37720 | 39.0%15 403230 | 41.0+10 | 380226 | 353:17 360+1.0 | 360=+12
0.73 37.0+0.6 36.3+2.8 36.0+1.7 38.0+2.0 37714 350+4.6 340+1.7 34.0+1.0 33.0+2.0
RLM198| 590 190+20 | 183%20 | 190%15 197+1.1 | 180+1.0 | 17.0+26 18.0+2.0 17010 | 17.0£26
2.92 19.0+2.3 19.0+1.0 18.0+1.7 17.0+1.0 173+1.1 16.0+27 180+1.0 183+1.3 200+1.7
2.28 18.0 £2.0 17.7 £2.0 18.0x1.0 20.0+£2.0 173+1.0 18.0+2.1 18.7+0.6 173+ 1.0 17.0+£1.0
1.07 17026 19.3+£2.0 16.0=x1.2 17.3+1.2 17.0+1.0 17.0+£2.0 150=1.5 13.7 £0.1 140+ 1.0
RLM 619 5.67 340+1.3 33.0+2.0 31.0+0.6 30.7+1.0 33.0+3.0 220+1.0 25.0+20 24.0+3.0 24.0+2.6
2.59 250+1.7 237 +1.5 250=x22 233+15 24.0+1.7 23.3+33 220+15 22015 21.0+2.0
2.10 280+1.7 253 +£20 24010 233+11 230+1.0 250+26 250+20 23720 21.0+1.7
0.70 250+1.7 23.0+2.6 24020 21310 220=x1.7 240x1.5 220+1.0 19.0+ 1.7 18.0£2.0
RLM 514 5.60 17.0+£20 17.3 £ 0.6 18312 18.0+3.6 150+1.0 14.0£2.0 147 £ 1.5 15010 150+ 1.7
2.69 240+1.0 250+2.0 23.0+1.3 217 +1.2 240 +1.7 233+£26 21.3+£20 22.0+2.1 23.0+2.6
1.97 21.0+17 19.3£29 19.0+£26 17.7+1.5 200 1.0 19.0+1.7 18.0+4.0 21.0£20 200+1.8
1.16 240+1.0 24330 223+1.5 243 %15 23.0=x21 22020 21.0+1.0 21.5+1.0 22.0+34
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However, in cv. RLM 514 the seedling dry weights of desiccated seeds were
higher than that of non-desiccated seeds at comparable seeds storage stages, whereas
in cvs. RLM 198 and RLM 619 the seedling dry weights from highly desiccated
seeds (i.e. at 1.07 and 0.7 per cent moisture, respectively) were lower than those
from the non-desiccated seeds at different stages of storage. The dry weights of
seedlings raised from seeds at intermediate moisture levels (i.e. at 2.90 and 2.28 per
cent in cv. RLM 198 and 2.59 and 2.10 per cent in RLM 619) were at par with the
control. The data suggest beneficial effects of seeds desiccation for prolonged stor-
age.

In sum, seeds of cvs. RL 1359 and RLM 514 were found to be tolerant to desic-
cation up to 0.73 and 1.16 percent seed moisture levels, whercas seeds of RLM 198
were desiccation tolerant up to 2.28 per cent seed moistuure and seeds ofcv. RLM 619
registered injury in terms of seedling dry weight, electrical conductance and speed of
germination below 5.67 per cennt seed moisture.
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Fizjologia skrajnie przesuszonych nasion Brassica juncea (L.)

Streszczenie

Nasiona czterech odmian: RL 1359, RLM 198, RLM 619 i RLM 514 suszono przez 2, 7, 15 i 45 dni
w celu uzyskania ré6znego poziomu wilgotnosci nasion. Badano zdolnosé i szybkos¢ kielkowania, suchg mase
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kielkéw, stopiel przewodnictwa elektrycznego, aktywnos$é dehydrogenazy i zachowanie nasion podczas
dwuletniego okresu przechowywania. Na podstawie tych danych ustalono, ze odmiany RL 1359, RLM 514 s3
tolerancyjne na wysuszenie odpowiednio do 0,73 i 1,16 % wilgotnosci. Nasiona odmiany RLM 198 toleruja
wysuszenie do 2,28 %. Nasiona za§ odmiany RLM 619 przy poziomie wilgotnosci ponizej 5,67 % reaguja
obnizong masa kielkéw, mniejszq sita kietkowania i gorszym przewodnictwem.
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