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Abstract—Viabulity (in terms of in vitro germination), membrane integrity [as revealed by the fluorochromatic reaction
(FCR) test] and changes in total and individual phospholipids were monitored in pollen grains of Crotalaria retusa
stored under different conditions for up to 60 days. Irrespective of the storage conditions, there was a positive and
significant correlation between the loss of viability and the loss of membrane integrity as well as the reduction 1n total
phospholipid and individual phospholipids The results indicate that membrane phospholipid deterioration, and
consequent loss of membrane ntegrity represent an important phystological event associated with the loss of pollen

viability.

INTRODUCTION

Pollen grains lose viability over a period of time. This loss
of viability 1s greatly affected by environmental condi-
tions particularly the temperature and relative humdity.
Although extensive studies have been carried out to
prolong viability by storing pollen grains under different
conditions, the causes for the loss of viability are not
known. Based on circumstantial evidence, a deficiency of
respiratory substrates and inactivation of enzymes have
been suggested to be the causes for the loss of pollen
viability {1, 2]. Recent studies by Heslop-Harrison and
his associates [3, 4] have suggested that the loss of
membrane integrity 1s primarily responsible for the loss of
viability in pollen grains subjected to short-term desicc-
ation. Our investigations on the storage of pollen grains
n organic solvents have shown that membrane integrity
is critical for maintenance of viability [5, 6]. In seeds of
many species, loss of viability has been correlated with a
decrease in total phospholipid as well as major phosphol-
ipid classes [7-9]. Phospholipid damage and the conse-
quent membrane detertoration have been suggested to be
the early events 1n the loss of seed viability [9]. There is no
nformation on the changes in phospholipid in pollen
grains during storage We have monitored viability,
membrane mtegrity and changes in total and individuali
phospholipids in pollen grains of Crotalaria retusa, stored
under different conditions, to find out the correlations, if
any, between the loss of viability and the loss of mem-
brane integrity and/or decrease 1n the levels of total and
individual phospholipids.

RESULTS AND DISCUSSION

Fresh pollen samples showed 85-90% germination
and produced ca 500 yum long tubes after three hr incuba-
tion at 27+2°. Their fluorochromatic reaction (FCR)
score was ca 90%. The results of viability tests on stored
pollen are presented in Table 1. Under laboratory condi-

tions (uncontrolled), there was a progressive and signifi-
cant decline in pollen viability (as assessed by % germin-
ation) from day seven of storage with complete loss of
viability by day 60. The tube length also showed signifi-
cant reduction in stored pollen.

Under desiccated conditions, there was no reduction in
% germmation and % FCR during the first seven days of
storage. Per cent germination showed a significant reduc-
tion from day 15 onwards and % FCR from day 30
onwards However, pollen tube length showed a signifi-
cant decline from day seven. Thus, low humidity pro-
longed wiability for 7-15 days. Even after 60 days of
storage a proportion of the pollen showed viability.

Pollen stored at low temperature (—20°) for 30 days
showed % germination and % FCR comparable to the
control (fresh polilen). A significant decline in % germin-
ation and % FCR was observed only by day 60. The
vigour of the pollen tube was not reduced even by day 60.

As reported for many other systems, high temperature
and high humudity are detrimental for pollen storage {2,
10]. This is true for seeds also [11, 12]. An interesting
finding in the present investigation 1s that even before the
decline 1n FCR or germination scores, reduction in pollen
tube growth rate became apparent especially under lab-
oratory temperatures Until recently, the reduction 1n the
vigour of pollen tube has not been taken tnto consider-
ation 1n stored pollen [10, 13].

The correlation between germination and FCR scores
was significant (P <0.01). This reconfirms earlier studies
on the importance of the integrity of pollen membranes
for germination [3-6]

The data for total phospholipid and individual phos-
pholipids 1n pollen samples stored for different periods
under the three conditions are shown in Table 2. Storage
at room temp. (uncontrolled condition) caused a pro-
gressive decline in total phospholipid content extracted
from pollen throughout the storage period (Table 2).
There was a significant decrease in total phospholipid
when compated to the control even after seven days of
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Table 1 Changes in germunation, pollen tube length (um) and FCR of Crotalaria

7 days 15 days
Polien Pollen
% Germi- tube % Germi- tube
Storage nation length %FCR nation length %FCR
conditions +se (em) tse tse (tzm) +se
Room temp 56 8* 412 72¢ 54 8* 384* 189 36* 20 5*
(uncontrolled) +536 +2523 +244 +163 +593 +093
Room temp 848 362 88* 894 82 8* 38228* 892
(destccated) +369 +2273 +2385 +165 +14 54 +352
-20 848 49276 904 928 49920 908
+2339 +317 +134 +3176 +111

+269

Fresh pollen samples (control) showed 89 34 +1 11% germination and produced 487 34+ 20 37 um long
tubes after 3 hr incubation Therr FCR score was 9435+ 105%

*Significant at P <001 as compared to the control

tSignificant at P<00S as compared to the control

storage. In the sample stored for 60 days, which had lost
viabihity completely, the reduction was over 40%

Pollen stored at room temperature under desiccation
did not show any significant change 1n total phospholpid
level up to 15 days There was a significant decline after 30
days of storage It appears that in pollen grans also,
higher moisture content as well as extreme desiccation
result 1n phospholipid damage similar to the reports on
seeds [12, 14] Storage at —20° showed a significant
decline 1n phospholipid level only after 60 days These
results show a direct relationship between loss of viabality
during storage and the amount of extractable phospholi-
pid present in Crotalaria pollen. The correlation between
the two was statistically significant

The predommant phospholipids in Crotalaria pollen
are phosphatidyl choline (PC) (56%) and phosphatidyl
ethanolamine (PE) (26%) with lesser amounts of phos-
phatidyl glycerol (PG), phosphatidyl serine (PS) and
phosphatidyl mosittol (PI) Phosphatidic acid (PA) and
lyso-derivatives were also detected but were not taken
into consideration as they are considered to be artifacts
due to hydrolytic activity during extraction [15]. There
were significant changes 1n the composttion of the phos-
pholipid fractions in stored pollen. Phosphatidyl choline
showed significant reduction n all the pollen samples
which had lost wiability partially or fully Maximum
reduction was recorded 1n pollen samples stored under
uncontrolled laboratory conditions, the reduction was ca
80% in the pollen sample stored for 60 days The
reduction was comparatively less 1 samples stored at
lower humidity under laboratory conditions and in those
stored at —20°.

The reduction in PE was also similar to that of PC,
although to a lesser extent There was no reduction in PE
levels 1 pollen samples stored at —20°. Significant
reductton 1n PG was observed only in samples stored
under uncontrolled laboratory conditions for 30 and 60
days. There were no signtficant changes in the levels of PI
and PS during storage under different temperatures and
humudities

Phospholipids play a major role mn the structure and
function of the plasma membrane The present investiga-
tion clearly suggests that membrane phospholipid deterio-

ration (as mdicated by a decline in total phospholipid and
m individual phospholipids, especially PC) and conse-
quent loss of membrane integrity (as revealed by FCR
test) represents an important physiological event associ-
ated with the loss of pollen viability Similar observations
have been reported during ageing of seeds of many species
[11, 16-20].

EXPERIMENTAL

Plant material Pollen grains were collected from freshly
dehisced anthers of Crotalaria retusa L grown under field
conditions The grains collected on each day were pooled and a
small sample was used to determine % germunation, pollen tube
length and the membrane state The remainder of the sample was
used to study storage under three conditions One sample was
maintained under uncontrolled laboratory conditions (50-60%
relattive humudity and 18-25°), the second under laboratory
temp but over dry silica in a desiccator (0-5% relative humudity)
and the third sample was stored at —20° in a sealed container

Viabihty test Pollen from each storage condition was re-
moved at surtable intervals and tested for viability using an m
vitro germunation test [5] m a medium containing boric acid
(100 pg/ml), Ca(NO,), (300 pg/ml), MgSO, (200 ug/ml), KNO;
(100 pg/ml) and sucrose (10%)

Pollen membrane integrity was assessed by the fluorochro-
matic reaction (FCR) test [21] Non-fluorescent fluorescein
diacetate readily penetrates pollen membrane Esterases of pol-
len cytoplasm act on fluorescein diacetate and release fluorescein
which traverses the intact membrane with great difficulty and so
accumulates nside pollen cytoplasm where 1t can be detected by
fluorescence microscopy The FCR test has been found to be
satisfactory for the assessment of the integnity of the pollen
membrane 1n many systems (see ref [4]) For each pollen sample
500 pollen grains (from five replicate cultures) were used to score
% germnation and % FCR, and 100 pollen tubes to measure
tube length

Lipid extraction. Pollen grains were homogenized in 10 ml
CHCI1;-MeOH (2 1) [22]. All solvents used contained 0 005%
butylated hydroxytoluene to reduce auto-oxidation H,0-
soluble impurnties were removed by partitioning overmight
against 2 ml 09% NaCl soln The CHCl; -MeOH phase was



Membrane phosphohipid 1n storage

pollen stored under different conditions

30 days 60 days
Pollen Pollen
% Germi- tube % Germi- tube
nation length %FCR nation length %FCR
tse. (um) +s.e +se. (um) tse
13 6* 203 56* 6.2* 0* ~* 0*
+1.18 +1071 +093
14 4* 151 45* 53 24* 9 50* 152.28* 62.4*
+266 +179 +193 +132 +8.24 +962
808 45308 820 60 60* 464 23 892t
+805 +796 +529 +111 +1234 165

Table 2 Changes in the amount of total phospholipid and individual phospholipid classes extracted from pollen gramns stored for
different periods under different conditions

Storage condition/period Total phospholipid PG PE PC PI+PS
Fresh (control) 5488+ 1.35 4754017 14994020 3215+117 4814024
Room temp 7 days 4839+ 072* 4914008 1178 £006* 2457+081* 525+0.08
15 days 4252 +064* 358+058 1288+010* 21.18 +1.03* 525+017
30 days 32.774102* 315+046* 1126 +0.56* 735+027* 3611057
60 days 3031+£097* 2284042~ 10.03+0.26* 570+020* 44910.29
Room temp 7 days 54554069 503+019 15354044 32.84+047 5061031
(desiccated) 15 days 50.21 +109% 4651022 13.42 +0 64t 2961 +027 412+0.53
30 days 48 02 +0 60* 4724013 12.244+0.53* 23214+274* 432+045
60 days 41344+095* 463+018 123114033+ 21.21+094* 4.26+036
-20° 7 days 5203+095 4414041 15474029 33031079 41740.52
15 days 5210+ 145 483+032 14.574+0.50 2968+087 425+0.79
30 days 5265+0.84 468+067 1526+0.12 29234035 4761058
60 days 4816 +052* 47414032 1508 £0.37 2557+108* 478+090

Quantity of phospholipids obtammed by multiplying the value of phospholipid phosphorus by 25.

Values are expressed as mg/g dry wt and are means +se. of three experiments with two replicates in each set.
*Significant at P <001 as compared to the control

TSignificant at P <005 as compared to the control
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