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Abstract-Viablhty (in terms of in ortro germination), membrane mtegrity [as revealed by the fluorochromatic reaction 
(FCR) test] and changes in total and individual phospholipids were monitored in pollen grains of Crotalarta 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 vtabihty and the loss of membrane integrity as well as the reduction m total 
phospholipid and mdlvidual phosphohpids The results indicate that membrane phospholipid deterioration, and 
consequent loss of membrane integrity represent an important physlologcal 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 humidity. 
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 [t, 21. Recent studies by Heslop-Harrison and 
his associates [3, 41 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 
m organic solvents have shown that membrane integrity 
is critical for maintenance of viability [5, 63. In seeds of 
many species, loss of viability has been correlated with a 
decrease in total phospholipld as well as major phosphol- 
ipid classes [7-91. Phospholipid damage and the conse- 
quent membrane deterioration have been suggested to be 
the early events m the loss of seed viability [9]. There is no 
information on the changes in phospholipid in pollen 
grains during storage We have monitored viability, 
membrane Integrity and changes in total and individual 
phosphohpids 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 m the levels of total and 
individual phospholipids. 

RESULTS AND DISCUSSION 

Fresh pollen samples showed 85-90% germination 
and produced CQ 500 pm long tubes after three hr incuba- 
tion at 27k2”. Their fluorochromatic reaction (FCR) 
score was ca 90%. The results of viability tests on stored 
pollen are presented in Table 1. Under laboratory condl- 

tlons (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 
% germination 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 slgnifi- 
cant decline from day seven. Thus, low humidity pro- 
longed viability 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 pollen). 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 humidity are detrimental for pollen storage [2, 
lo]. This is true for seeds also [ll, 12). An interesting 
finding in the present investigation 1s that even before the 
decline m FCR or germination scores, reduction in pollen 
tube growth rate became apparent especially under lab- 
oratory temperatures Until recently, the reduction m the 
vigour of pollen tube has not been taken mto conslder- 
ation m stored pollen [lo, 133. 

The correlation between germination and FCR scores 
was significant (PcO.01). This reconfirms earlier studies 
on the importance of the integnty of pollen membranes 
for germination [3-61 

The data for total phosphohpld and individual phos- 
pholipids m 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 compared to the control even after seven days of 
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Table I Changes m germmatlon, pollen tube length (pm) and FCR of Crotaha 

Storage 

condltrons 

% Germl- 

ndtlon 

*se 

7 days 

Pollen 

tube 

length 

km) 

%FCR 

fse 

% Germ]- 

nation 

*se 

IS days 

Pollen 

tube 

length 

@ml 

%FCR 

*se 

Room temp 56 n* 412 72t 54 x* 38 4* IX9 36* 2051 

(uncontrolled) 1536 i2523 ~244 _tl63 +593 1093 

Room temp x4x 362 8X* 89 4 82 8’ 382 2X* x9 2 

(desiccated) &369 +22 73 F285 +165 + 14 54 *352 

-20 X4X 492 76 904 92 8 499 20 908 

1269 123 39 *3 17 + I 34 1-3176 +_I II 

Fresh pollen samples (control) showed 89 34+ I 11% germmatlon and produced 487 34+ 20 37 I’m long 

tubes after 3 hr mcubatlon Their FCR score was 94 352 1 05% 

*Significant at Pi0 01 ns compared to the control 

tSlgmficant at P ~0 05 as compared to the control 

storage. In the sample stored for 60 days, whtch had lost 
viabthty completely, the reductton was over 40% 

Pollen stored at room temperature under destccatron 
did not show any stgmficant change m total phosphohptd 
level up to 15 days There was a srgmficant dechne after 30 

days of storage It appears that m pollen grams also, 
higher moisture content as well as extreme destccatton 
result m phosphohptd damage similar to the reports on 
seeds [ 12, 14) Storage at -20” showed a stgmficant 
dechne m phosphohptd level only after 60 days These 
results show a dnect relattonshtp between loss of vtabthty 
during storage and the amount of extractable phosphoh- 
ptd present m Crotalarm pollen. The correlation between 
the two was stattsttcally stgnificant 

The predommant phosphohptds m Crotalaria pollen 
are phosphattdyl chohne (PC) (56%) and phosphatrdyl 
ethanolamme (PE) (26%) wtth lesser amounts of phos- 
phattdyl glycerol (PG), phosphattdyl serine (PS) and 
phosphatidyl mosttol (PI) Phosphattdtc acid (PA) and 
lyso-derivattves were also detected but were not taken 
into constderatton as they are constdered to be arttfacts 
due to hydrolyttc acttvtty durmg extractton [15]. There 
were sigmficant changes m the composttton of the phos- 
pholipid fracttons m stored pollen. Phosphattdyl chohne 
showed stgmficant reductton m all the pollen samples 
whrch had lost vtabihty parttally or fully Maxtmum 
reductron was recorded m pollen samples stored under 
uncontrolled laboratory condtttons, the reductton was ca 
80% in the pollen sample stored for 60 days The 
reductton was comparattvely less m samples stored at 
lower humtdtty under laboratory condtttons and m those 
stored at -20”. 

The reductton m PE was also stmrlar to that of PC, 
although to a lesser extent There was no reductron m PE 
levels m pollen samples stored at -20”. Stgnificant 
reductron m PC was observed only in samples stored 
under uncontrolled laboratory condittons for 30 and 60 
days. There were no sigmficant changes in the levels of PI 
and PS durmg storage under dtfferent temperatures and 
humtdittes 

Phosphohpids play a major role m the structure and 
functton of the plasma membrane The present mvesttga- 
tton clearly suggests that membrane phosphohpld deteno- 

ratton (as mdrcated by a decline m total phosphohptd and 
m mdtvtdual phosphohprds, espectally PC) and conse- 
quent loss of membrane integrity (as revealed by FCR 
test) represents an Important phystologtcal event associ- 
ated wtth the loss of pollen vtabmty Stmtlar observattons 
have been reported durmg agemg of seeds of many spectes 
[ll, 16-20-J 

EXPERIMENTAL 

Plant materd Pollen grams were collected from freshly 

dehlsced anthers of Croralarm retusa L grown under field 
condltlons The grams collected on each day were pooled and a 

small sample was used to determine % germmation, pollen tube 
length and the membrane state The remainder of the sample was 

used to study storage under three condltlons One sample was 

mamtamed under uncontrolled laboratory condltlons (S&60% 

relative humidity and 18-25”), the second under laboratory 
temp but over dry slhca ma desiccator (O-5% relative humldlty) 

and the thnd sample was stored at -20” m a sealed contamer 

V~ahrht); test Pollen from each storage condltlon was re- 

moved at stntable Intervals and tested for vlablhty usmg an rn 

ulfro germmatlon test [S] m a medmm contammg boric acid 

WO pg/ml), WNO,), (300 kg/ml), MgSO, (200 pg/ml), IWO, 
(100 pg/ml) and sucrose (10%) 

Pollen membrane mtegrlty was assessed by the Ruorochro- 
matlc reactlon (FCR) test [Zl] Non-fluorescent fluorescem 

dlacetate readtly penetrates pollen membrane Esterases of pol- 

len cytoplasm act on fluorescem dlacetate and release fluorescem 

which traverses the intact membrane wrth great difficulty and so 

accumulates mslde pollen cytoplasm where It can be detected by 

fluorescence mlcroscopy The FCR test has been found to be 

satisfactory for the assessment of the mtegrlty of the pollen 

membrane In many systems (see ref [4]) For each pollen sample 

500 pollen grams (from five rephcate cultures) were used to score 

% germmatlon and % FCR, and 100 pollen tubes to measure 

tube length 

Llprd extractzon. Pollen grams were homogemzed m 10 ml 

CHCI,-MeOH (2 1) [22]. All solvents used contamed 0 005% 

butylated hydroxytoluene to reduce auto-oxldatlon H,O- 

soluble ImpuntIes were removed by partltlonmg overmght 
against 2 ml 09% NaCi soln The CHCI, -MeOH phase was 
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pollen stored under dtfferent condrttons 

% Germt- 
natton 
+_s e. 

30 days 

Pollen 
tube 

length 

(pm) 

%FCR 
+ se 

% Germt- 
nation 
+ se. 

60 days 

Pollen 
tube 

length 

(pm) 

%FCR 
*se 

136* 203 56* 6.2* 0* _* 0* 
+ 1.18 +1071 +_093 
14 4* 15145* 53 24* 9 50* 152.28” 62.4* 

+266 * 179 _+193 k132 If: 8.24 +962 
808 453 08 820 60 60* 464 23 89 2t 

+805 5796 ,529 +111 k1234 +1 65 

Table 2 Changes in the amount of total phosphohpld and mdtvtdual phosphohptd classes extracted from pollen grams stored for 
dtfferent pertods under dtfferent condtttons 

Storage condttton/period Total phospholiptd PG PE PC PIkPS 

Fresh (control) 54.88 + 1.35 475&O 17 1499kO20 32.15+1 17 481fO.24 
Room temp 7 days 4839+072* 491+oos 1178*006* 2457+081* 5 25 +0.08 

15 days 4252+064* 3 58+058 1288&O lo* 21.18+_ 1.03* 525+017 
30 days 32.17 + 102* 3 15_+046* 1126+0.56* 735_+027* 3.61 +O 57 
60 days 3031,097* 228+042* 10.03 f 0.26* 5 70&020* 4.49 + 0.29 

Room temp 7 days 54 55,069 503+019 15 35kO.44 32.84 + 0.47 506&031 
(destccated) 15 days 50.21* 109t 4.65 k 0 22 13.42+0 647 29612027 4 12 +0.53 

30 days 4802fO60* 4.72*0 13 12.24*0.53* 2321f274* 4.32 +0.45 
60 days 4134*095* 463+0 18 12 31+0.33* 21.21+094* 4.26 + 0 36 

- 20” 1 days 5203kO95 441*041 15475029 3303&079 4 17 +0.52 
15 days 5210&145 4.83 +O 32 14.57 * 0.50 2968kO87 4 25 +0.79 
30 days 52 65 kO.84 468&067 15 26kO.12 2923+035 476kO58 
60 days 48 16f052* 474+032 1508kO.37 2557+108* 478kO90 

Quantity of phosphohprds obtamed by multtplymg the value of phosphohptd phosphorus by 25. 
Values are expressed as mg/g dry wt and are means f s e. of three expertments wtth two replicates m each set. 
*Stgmficant at P 10 01 as compared to the control 
tStgmficant at P <O 05 as compared to the control 

evapd under N,, the hptd residue dtssolved m 2 ml of CHCI, and 
used to estimate total phospholipld [23]. 

Qualrtatme analysts Vartous phospholiptd classes were separ- 
ated by TLC (sthca gel G, CHCl,-MeOH- M NH, 46 18 3) 
Phosphohptds separated by TLC were vtsualized by means of I, 
vapour Identification of the different phosphohptd spots were 
made by using spemfic spray reagents and by comparmg R, 
values wtth those of standards [24, 251. Phosphohptds were 
vtsualized with molybdenum blue reagent [26] Nmhydrin was 
used to tdenttfy ammo phosphohptds 

Quantltatwe analysts. The areas of srbca gel containing phos- 
phohprds were removed and followmg digestion wtth perchloric 
acid, the concn of each phosphohptd was determined accordmg 
to the method of ref [23]. 

Acknowledgements-The financial support of the Universtty 
Grants Commtsston to one of us (A J.) ts gratefully acknow- 

1. 

2 

3 

4 

5. 
6. 
7. 
8 
9 

10. 

11. 

ledged. 12. Nutile, G. E. (1964) Crop SCI. 4, 325. 

REFERENCES 

John, B. M and Vastl, I. K. (1961) Boc. Reo. 27, 325 
Stanley, R. G and Lmskens, H F (1974) Pollen-Btology, 
Biochemistry, Management Sprmger, Berhn. 
Shtvanna, K R and Heslop-Harrison, J. (1981) Ann Botany 
47, 759. 
Heslop-Harrtson, J., Heslop-Harnson, Y and Shrvanna, K 
R. (1984) Theor Appl Genet 67, 367. 
Jam, A and Shtvanna, K R (1988) Ann Botany 61, 325. 
Jam, A and Shtvanna, K. R (1988) J. Pfant PhysioL 132,499. 
Powell, A. A and Matthews, S (1981) Ann Botany 47, 709 
Francts, A. and Coolbear, P (1984) J. Exp. Botany 135,1764 
Petruzzellr, L. and Taranto, G (1984) J. Exp. Botany 35,517. 
Shtvanna, K R and John, B M. (1985) The Angiosperm 
Pollen Structure and Function. Wiley Eastern, New Delhi. 
Roberts, E. H. (1972) Yiabtlrty of seeds (Roberts, E. H., ed.). 
Chapman and Hall, London. 



1002 A JAIN and K R SHIVANNA 

13 Nanda Kumar, P B.A., Chaudhury, R and ShIvanna, K R 21 Heslop-HarrIson. J and Heslop-Harnson. Y (1970) Sturn 
(1988) Cut-r. Scz 57, 5.57 Techno/ 45, 1 1s 

14 Stewart, R R C and Bewley, J D (1980) Plant Physiol 10, 

441. 

22 Folch, J , Lees, M and Stanley, G H S (1957) J Btol Chem 
226,497 

15 Scherer, G F E. and Morre. D J (1978) Plant Physzol 62, 

933 

16. Koostra, P T. and Harrmgton, J F. (1969) Proc Int Seed 

Test Ass 34, 329 

17. BerJak, P and Vllhers, T A (1972) New Phytol. 71, 1075 

18 Harman, G E. and Mattlck, L. R (1976) Nature 260, 323 
19 billers, T A. (1973) Seed Ecology (Heydecker, W, ed) 

Pennsylvama State Umverslty Press, Umversrty Park 

20 Slmon, E W (1974) New Phytol 73, 377 

23 Bartlett, G R (1959) J. Bml Chem 234, 466 
24 Kates, M (1972) Techmques of Llpldology Iyolatlon, Anal- 

ysls and Ident$catlon of LIpids (Work, T S and Work, E , 
eds). North Holland, Amesterdam. 

25 Stahl, E (1965) 7’hm Layer Chromatography A Laboratory 
Handbook Academic Press, New York 

26 Vaskovsky, V E and Kostetskj, E. Y (1968) J &xd Res 9, 
396 


