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THE AMOUNT OF POLLEN AS A REGULATOR OF EVOLUTIONARY PLASTICITY OF CROSS-POLLINATING PLANTS
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In 1965 we proposed a new concept of sex differentiation as a specialization on the population level along two principal alternative aspects of evolution: conservation and change [1]

Such a general cybernetic idea [2] was very fruitful and allowed a further rethinking of basic characteristics of a sexual population: dispersion of sexes [1,3], sex ratios [4-6], sexual dimorphism [1, 7-9], and this in its turn led to the establishment of new connections of these characteristics with evolutionary parameters of species and environment.

The central aspect of the new theory is a conclusion about the greater phenotypic dispersion (variety) of male sex in comparison with the female. Greater variety leads to the fact that the first victims of all extreme conditions in the environment are male individuals. At the same time the number of offspring a male individual may leave is incomparably greater than the number which a female individual may leave. This means that the male sex obtains and transmits new information from the environment about changes which take place to the descendants more effectively than the female.

On the other hand, in a panmictic population the role of the male individuals in reproduction is not uniform: some simply do not leave descendants, others leave many; the role of the female individuals is more regular: almost all leave offspring, but a limited number. This means that the information about the picture of genotypic distribution in a population is more completely transmitted along the generations by the female sex.

Consequently the “old” information (hereditary) from generation to generation (“what was”) is transmitted more by the female sex, and new information from the environment (ecological, “what must be”), by he male. The female sex realizes more conservative, centripetal tendencies of stabilizing selection, and he male sex, the operative, centrifugal tendencies of labilizing selection (the prerequisite of the leader).

The greater phenotypic dispersion of the male sex may be the result of either (and) a higher level of spontaneous mutations in the male sex, or (and) a more additive inheritance of parental characteristics by female offspring, or (and) a wider hereditary norm of reaction of female individuals. Subsequently it became apparent that all three phenomena do exist [10-13]. A wider norm of reaction makes the female sex more plastic in ontogenesis and gives it a greater stability in phylogenesis. Conversely a narrow norm of reaction of the male sex leads to greater phenotypic dispersion and more lability in phylogenesis [3].

A secondary relationship of sexes (newborn) according to the new treatment appears to be a variable quantity closely connected with conditions of the environment and not constant and specific for the species as was assumed. A tertiary relationship of the sexes (adult individuals) plays the role of regulator of numbers and phylogenetic placticity of the species. The greater the number of female indivduals in a panmyctic population the more offspring, and the greater the number of male individuals, the greater its plasticity. There is a negative reciprocal connection regulating the relationship of the sexes of the population when its optimum is disturbed [4-6].

The difference in phylogenetic plasticity of the sexes makes it possible to relate sexual dimorphism as a characteristic to the evolutionary tendency to change this characteristic and to consider it as a kind of “compass” which indicates the direction of the evolution of the characteristic [1]. The male sex appears in the role of an evolutionary “avant garde.” For this reason characteristics appearing more often in the female sex must have an “atavistic” character, and those appearing in the male sex a “futuristic” character (pursuit of possible evolutionary paths) [7, 8].
The new theory explains the majority of facts that are not understood which are connected with sexuality from one point of view: evolutionary dominance, excessive fertility, and the higher mortality of the male sex, adaptive changes in sex ratios, various spectra of inborn developmental anomalies, various susceptibility to disease, ethological and psychological differences, professional preferences, etc. One of the principal riddles of sexuality is the higher mortality of the male sex; this is a universal biological phenomenon which no theory has been able to explain and which is treated as the price of new information, as a form of informational contact with the environment which is convenient for the population.

According to the new theory, the phenotypic dispersion as well as the sex ratio and sexual dimorphism are connected with the conditions of the environment by a regulating connection. Under optimal conditions of the environment they diminish and under extreme conditions they increase. This is related to the fact that under optimal environmental conditions the conservative aspect of reproduction is active, and under extreme conditions the operative aspect is active.

The application of the ideas which have been developed to the plant populations, the distinctive trait of which is an immobile form of life, an attachment to a place, makes it possible to disclose certain new regularities. It may be considered that in the center of the area there exist more optimal conditions, and at the periphery, more extreme. The existence of the area boundary itself indicates that in its natural expansion, the species came upon a “wall” of the ecological niche at this place because of one environmental factor or another. Such factors may be either low or high temperature, or various concentrations of moisture, nutritive substances, enemies, parasites, etc. It is evident that in the center of the area the density of the population is maximal, and at the periphery, minimal.

Table 1  Characteristics of the Areal.
	Center
	←
	Location
	→
	Periphery

	
	
	↓
	
	

	Optimal
	←
	Environmental conditions
	→
	Extremal

	
	
	↓
	
	

	Max
	←
	Density of population
	→
	Min

	
	
	↓
	
	

	Max
	←
	Pollen amount
	→
	Min

	
	
	↓
	
	

	Min
	←
	Pollen of other species
	→
	Max

	
	
	↓
	
	

	Min
	←
	Dispersion of offspring
Sex Ratio
Sexual Dimorphism
	→
	Max

	
	
	↓
	
	

	Min
	←
	Evolutionary plasticity
	→
	Max


In realizing the informational connection between plants, the principal role may belong to the amount of pollen. In dioecious or cross-pollinated species in otherwise equal circumstances, the falling of a large amount of pollen on a female plant means that there are many male plants in the area. Conversely, a small amount of pollen means that there are few male plants in the vicinity. It is evident also that in the center of the area the amount of pollen falling on the stigma of the female flower will, on the average, always be greater than at the periphery because of the different density of the population. (We are speaking here of pollen of the same species, the amount of “foreign” pollen obviously will be greater at the periphery.) Consequently the amount of pollen may give information to the female flower about the density of population, about the tertiary relationship of the sexes around it, about its position in the center or at the periphery of the area, or about the optimal or extreme conditions of the environment. Obtaining a large amount of pollen always carries information about the favorable circumstances of the environment and requires the production of more feminine offspring with small phenotypic dispersion. Obtaining a small amount of pollen, on the other hand, carries information about the unfavorable conditions: this can occur either at the periphery where the density of the population drops sharply, or at the center, but when extreme conditions occur at the center, they eliminate the male individuals first. Both one circumstance and the other require production of more male individuals and greater variation in order to intensify the search for evolutionary pathways (Table 1). In animals these connections are realized through stress.

Table 2  Difference between Extreme Variants (Ter-Avanesian, 1949).

	C o t t o n  p l a n t

	Number of pollen grains
	5
	20
	100
	300
	1000
	Control

	Yield per plant, g
	155.5
	115.5
	85.0
	57.4
	62.8
	71.5

	Number of pods
	22.2
	37.8
	28.5
	112.3
	8.4
	7.3

	Height of plant, cm
	23.0
	60.0
	63.0
	20.0
	7.0
	9.0

	Weight, 1000 seeds, g
	21.0
	34.4
	29.0
	22.4
	7.8
	8.3

	

	B l a c k – e y e d  p e a

	Number of pollen grains
	15
	30
	50
	100
	
	Control

	Weight of green mass, g
	508
	536
	328
	134
	
	222

	Length of main runner, cm
	1.45
	2.05
	1.45
	0.95
	
	0.70

	Number of branches of the first order
	6
	4
	1
	1
	
	1

	Length of pod, cm
	1.7
	2.5
	1.0
	1.0
	
	1.4

	Number of seeds in pod
	1.0
	0.2
	0.5
	1.0
	
	0.7

	Weight of 100 seeds, mg
	3.60
	1.87
	0.76
	0.69
	
	1.08

	

	W h e a t

	Number of pollen grains
	1
	20
	100
	
	
	Control

	Yield per plant, g
	4.6
	4.9
	1.9
	
	
	1.6

	Height of straw, cm
	21.0
	23.0
	7.0
	
	
	9.0


We have presented the theoretically expected picture. Now let us see to what extent this corresponds to the picture observed in reality. Does pollen carry regulating information in addition to genetic information? Does a dependence really exist between sex ratios, diversity of offspring, and amount of pollen falling on the female stigma of the flower? It seems it does. In Correns’ experiments with Melandrium and sorrel a small proportion of male descendents was obtained (31.65% in Melandrium and 8.92% in sorrel) when pollination was accomplished with a large amount of pollen, and a large proportion of male descendents was obtained (43.72% and 40.10% respectively) when pollination was accomplished by a small amount of pollen [14].

We found an indication of the dependence of phenotype variety in offspring on amount of pollen in the work of Ter-Avanesyan, who disclosed such dependence in the cotton plant, black-eyed pea, and wheat, and in the direction forecast by the theory: when fertilization takes place with a small amount of pollen, there is an increase in the diversity of the offspring (Table 2) [15]. In the literature there is no evolutionary treatment of the phenomena observed.

The regularities disclosed have not only a theoretical significance, but also a practical one inasmuch as they allow a radical review of certain notions that have been formulated. Taking these dependencies into account would increase the effectiveness of selection. In trying to obtain viable offspring, the selector evidently never spares the pollen in hybridization and always uses a large amount for pollination. He also strives to provide the plants with optimal conditions. This leads to the production of a minimal number of male offspring and decreases phenotypic variety, that is, it stabilizes the population. The result is that the selector decreases his chances of finding new forms. He works as if under conditions of the center of the area while he should be working under conditions of the periphery. How can this be done?

Most of all it is necessary to investigate the dependence of variety of offspring on pollen quantity. With an increase in the number of fertilizing pollen grains, the phenotypic dispersion of offspring must at first increase to a certain maximum and with a further increase in amount of pollen, it must fall to a minimum corresponding to the condition of the center of the area. Maximum diversity corresponds to the optimal value of amount of pollen for the periphery of the area of the given species. It is obvious that the value of the maximum will vary for various species, depending on their biology and ecology (entomophilia, anemophilia, etc.). After this maximum is determined it is then necessary to fertilize female plants with just this minimal, but adequate amount of pollen and to provide the plant, as far as possible, with the extreme conditions of the peripheral area. This will increase the effectiveness of selection. It is known, of course, that natural form formation proceeds intensively especially at the borders of the areas. Consequently in selection which has artificial form formation as its goal, it is necessary to duplicate as much as possible the conditions of the boundaries of the areas (extreme conditions, small amount of pollen of the species and much pollen of other species, etc.). From these positions it is necessary to think over also the effect of foreign pollen, which has been described a number of times, the understanding and explanation of which is inadequate in existing representations. In those conditions when the selective task is not one of change or obtaining new forms, but one of preserving existing forms, let us say in a genotype collection, then, conversely, in transfer sowing of seeds it is necessary to pollinate with a large amount of pollen and to maintain plants in optimal conditions.
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