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Summary, Microspores of soybean plants (Glycine max (L.) Meer.) 
of four cultivars were cytologically analysed. The pollen grains 
showed a clear dimorphism when stained with propionic-carmine 
from binucleate stage onwards. The majority of the grains are large, 
deeply stained and with asymmetric division ("normal type") while 
the remainder grains are smaller, lightly stained, uninucleate or with 
two similar nuclei ("P-pollen"). The different frequencies of "P- 
pollen" on the four cultivars suggest a genotype effect of microspore 
dimorphism. 

Keywords: Androgenesis; Glycine max; Pollen dimorphism; "P-pol- 
len"; Symmetric division. 

Introduction 

An interesting finding which has come to light in recent 
years is the phenomenon of pollen dimorphism. Inter- 
spersed among the regular starch-filled pollen grains 
(normal grains) is a second class of microspores, much 
smaller (ca. three-quarters the normal size), lacking in 
starch and staining lightly. They may be uninucleate, 
or binucleate, with two equal or two unequal nuclei. 
Altogether the atypical class accounts for 15 to 20% 
of the total populations and they are clearly retarded 
in relation to the microspore mitosis of the normal 
pollens (Sunderland 1974). Such atypical grains have 
been named "E pollen" (Sunderland and Wicks 1969), 
"S pollen" (Horner and Street 1978), or "P pollen" 
(Heberle-Borns and Reinert 1979). The microspore di- 
morphism can be seen in anther maturing in vivo or 
even in culture and has been reported in many species, 
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such as Tradescantia bracteata (La Cour 1949), Paeoma 
hybrida (Sunderland 1974), Hordeum vulgate (Dale 
1975), Nicotiana tabacum (Horner and Street 1978), 
Triticum aestivum (de Buyser and Picard 1975). 
In nature, the "P pollen" is a non-functional game- 
tophyte and can be considered a kind of male sterility 
(Heberle-Bors 1982a) but given appropriate culture 
conditions it may follow the embryogenic pathway in: 
stead of gametogenesis (Heberle-Bors and Reinert 
1980). Then, these atypical pollen grains are a possible 
way in the formation of haploid embryos. 
Since the successful inductions ofhaploids from anthers 
cultured in vitro in 1964, a great deal of attention has 
been given to this problem by those interested in ob- 
taining pure lines and mutants for crop improvement 
and biochemical genetics (Maheshwari et al. 1980). 
Based on the few initial divisions in the microspores, 
four routes of in vitro androgenesis have been identified 
(Sunderland 1974, Maheshwari etal. 1982). In one of 
these routes the microspore division is symmetric, re- 
sulting in two equal cells with diffuse vegetative-type 
nuclei. These pollen grains have been considered as one 
of the recognized pathways of pollen embryogenesis as 
well as to be one of the principal routes in the formation 
of haploid embryos (Nitsch and Norreel 1973, Rashid 
and Street 1974, Wilson etal. 1978). 
In the last years the anther culture technique has been 
refined and extended to many agronomically important 
crop species. However, in soybean the successful de- 
velopment of haploid plantlets is not reported yet 
(Yuyu et al. 1986). 
Studies about the modes of early androgenic segmen- 
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tation and occurrence of  dimorphism in this species 
are not available. 
The present study was undertaken to verify if pollen 
dimorphism exists in Glycine max,  and if it does, to 
describe the different microspore types. 

Material and methods 

Four Glycine max (L.) Merril cultivars (D~cada, IAS 5, BR4 and 
Ipagro21) served as a source of material and 15 plants each were 
investigated. Young floral buds were collected from field grown 
plants and fixed in ethanol-acetic acid (3 : I). For microscopic anal- 
ysis, the pollen grains released from the anthers were stained with 
propionic-carmine and left for 2 h before scoring. The pollen grains 
were analysed at binucteate stage (mid or late). 
The microspore dimorphism was studied by counting the number 
of normal looking pollen grains as well as other possible types (with 
different size or staining properties) in a sample of 500 grains per 
plant. A total of 7500 microspores were analysed from each cultivar. 
The pollen diameter and the distance between two pores were mea- 
sured (Fig. 1) with measurement eye pieces (Zeiss Axioplan Universal 
microscope). 
Statistical analysis was performed using analysis of variance on the 
arcsen 3Ux transformation for percentage of pollen (normal, uninu- 
cleate, and binucleate). Duncan's multiple range test was performed 
when F resulted significantly. In relation of pollen size, a t-paired 
comparison was made. 

Results and discussion 

In this study were examined 3000 microspores of 60 
Glycine max  plants. The cytological analysis detected 
the existence of  pollen dimorphism in four cultivars of  
soybean. Three types of  microspores were observed. 
(a) Normal grain: Most of  the microspores had un- 
dergone an asymmetric division always resulting two 
unequal cells on size (vegetative and generative). These 
typical pollen grains had large size and stained densely 
with propionic-carmine (Fig. 2A and B). About 98% 
of  the microspores were of this type. 
(b) Atypical uninucleate grain: This pollen type oc- 
curred in lower frequency than the normal pollen 
(1.5%; Table 1) and was smaller. It had a big central 
nucleus and stained lightly with propionic-carmine. 
These microspores were cleary retarded in the sense 

@ 
Fig. 1. Drawing showing the two measurements used to analyse the 
pollen size. a Pollen diameter; b distance between pores 
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that they underwent mitosis at a much later stage than 
the principal pollen populations (Fig. 2 A and B). 
(c) Atypical binucleate grain: In relation to size and 
staining properties, this pollen was equal to the pre- 
ceding type, but occurred in lower frequency, just 
0.54%. This kind of  microspore was two-celled with 
no differentiation into vegetative and generative cells, 
they are identical (Fig. 2 C and D). Probably this is a 
result of  symmetric mitosis. 
It is possible that the atypical binucleate pollen is a 
result of the first symmetric mitosis underwent by the 
atypical uninucleate grain. Thus, the two atypical types 
would be different stages of  the same pathway. For  
this reason the atypical uninucleate and binucleate mi- 
crospores are both grouped in the same category" as "P  
pollen" for statistical analysis. 
The frequency of  "P pollen" varied between cultivars 
(Table 1) and the statistical analysis showed that the 
differences in averages are significant. The averages of 
IAS 5, BR 4, and Ipagro 21 did not differ between one 
another. The D6cada cultivar had the highest frequency 
of  "P  pollen". These results indicate a genotype effect 
over the "P pollen" occurrence. This effect has been 
observed in several species (Maheshwari et al. 1980). 
Heberle-Bors (1984) pointed to the genotype as a major 
limiting factor for pollen plant production from anther 
cultures. However, nowadays strategies are being de- 
veloped to overcome recalcitrance of  genotypes. 
In average, the normal microspores measured 26.23 gin 
in diameter and 23.09 gm in distance between two po- 
res, while "P  pollens" had a diameter of  23.87 ~tm and 
a distance of  18.49 gm between the pores (Table 2). The 
difference of size between normal and atypical micro- 
spores was statistically significant in all 4 cultivars. 
These data as well as the staining properties indicate 
that these grains can be considered "P  pollens". 
According to literature, these atypical uninucleate mi- 
crospores are defined as "P  pollen". The theory of  "P  
pollen" (we-mitotic pollen) was developed by Heberle- 
Bors and Reinert (1979). They verified the existence of  
a clear dimorphism in tobacco pollen grains. 
Heberle-Bors (1982 b) proposed that the androgenetic 
capacity of  a microspore is determined at meiosis. The 
author detected thad during the meiotic process some 
microspores ("P pollen") do not eliminate completely 
the maternal cytoplasmic information (mRNA and po- 
lysomes) as occurs in normal grains. The cytoplasmic 
particles could reactivate the sporophytic program of  
the pollens, that will follow the embryogenic pathway. 
In relation to the atypical binucleate pollen, there are 
some articles reporting this kind of  dimorphism (Sax 
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Fig. 2. A Normal binucleate pollen (n) containing starch grains and cytoplasm which stains so deeply that the nuclei are almost totally 
obscured; p uninucleate "P pollen" clearly retarded in relation to the normal type and showing a weaker staining reaction; note difference 
in pollen size. B Two "P pollen" grains and a normal young bicellular grain, g Generative nucleus; v vegetative nucleus. C A normal binucleate 
pollen and a binucleate "P pollen" with two equal nuclei; note the wall separating the nuclei (arrow). D "P pollen" showing identical nuclei 
with different contraction levels. Bars: 10 I~m 
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Table 1. Frequencies of "P pollen" in four cultivars of G. max 
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Cultivar No. of No. of "P pollen" 
plants pollen grains 
examined examined Uninucleate Binucleate 

% Duncan % Duncan 
test a test ~ 

D~cada 15 7500 3.69 (• 3.55) A 1.86 (• 1.84) A 
IAS5 15 7500 0.25 (• 0.24) B 0.04 (4- 0.11) B 
BR4 15 7500 0.94 (• 1.19) B 0.09 (• 0.18) B 
Ipagro21 15 7500 1.32 (• 4.13) B 0.17 (• 0.47) B 

Total 60 30000 1.55 (• 3.07) 0.54 (•  1.22) 

Means followed by the same character are not significantly different (P < 0.005) 

Table 2. Measurements related with pollen size 

Cultivar Pollen diameter Prob. Distance between pores Prob. 
> T  > T  

normal "P pollen" normal "P pollen" 

D6cada 25.23 22.28 0.0001' 22.75 19.15 0.000I* 
IAS5 26.33 23.12 0.0020* 23.12 19.33 0.0023* 
BR4 26.16 22.53 0.0001" 23.04 18.19 0.0001" 
Ipagro21 26.85 23.85 0.0001" 23.45 17.31 0.0001" 

Total 26.39 22.87 0.0001" 23.09 18.49 0.0001" 

1935, Ni t sch  and  Nor ree l  1973, Sunde r l and  1974, Hor -  

ner  and  Street  1978). Mic rospores  wi th  two ident ical  

cells can  be fo rmed  by  two ways:  n o n - f o r m a t i o n  o f  the 

vacuole  o r  change  o f  the divis ion axis (Sax 1935, L a  

Cour  1949, Sunde r l and  and  Wicks  1971). 

Sangwan  and  Sangwan-Nor ree l  (1987) r epor t ed  tha t  

pol lens  with symmetr ica l  division,  resul t ing f rom non-  

existence of  vacuole,  could  no t  e l iminate  molecules  car-  

rying spo rophy t i c  i n fo rma t ion  and  fol low the andro -  

genesis, l ike the "P  pol len" .  

A clear  mic rospore  d i m o r p h i s m  was observed  in soy- 

bean  cult ivars.  In  fu ture  exper iments ,  it  will  be inves- 

t iga ted  whe ther  the two types o f  pol len  show differ-  

ent ial  response  in cul ture  and if  these " P "  grains  are  

real ly embryogenic .  In  this sense, we in tend to test the 

androgen ic  capac i ty  o f  the "P  po l len"  by  cul tur ing 

them in special  cu l ture  condi t ions .  
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