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lnfluonco of uutogum.\· a,nd froe pollination on offspring::; of tl1e genus Chenopodium 
was s tudie d on ,, ix species (C. album L. s. str., C. Jiczjolium S.:\r., C. glaucum L .. C. 
hybridum L. , C. strictuni ROTH, C. suecicum J. ~'IURl't). There was found no unfavour 
able influence of a utog:lmy e ither, on weig ht a nd height of aboveground JXtrt of pl a n t , 
development of inflorescence and soods. or on the homogeneity of offsprings. Briefly 
d iscussed has b0<' n al::;o the mode of pollination of the studied species. 

Bota11 iwl lfl stitute, Czechosl01.:rt!« Awdemy of S ciences, 25:2 43 Pruhnnice, Czechoslovakia. 

I .NTRO DUCT l ON 

The variability of several species of the genus Chenopodium , particularly 
the species of C. alburn agg., still causes taxonomical difficulties. There are 
evidently two reasons for this variability, a considerable plasticity and es
pecially differences in the genotype of the individual populations. The general 
supposition has apparently been that in addition to a considerable ecoplastic
ity, spontaneous hybridization is one of the main causes of variability. If 
we were to estimate the proportion in ·which hybridization participates in 
variability, we need knowledge of the mode of pollination, a subject neglected 
rather in the past. Upon these data, we should be able to identify correctly 
both, the taxon and its taxonomic position. 

The mode of pollination is among the basic knowledge of the mechanisms 
of pollination. This objective has been treated sparingly in the past. SAVIN 
( 1957) considers C. alburn to be allogamous. In his provisional experiment, 
the number of seeds recovered after isolation was 20 times lower than the 
number of seeds from a not isolated plant. In his opinion the seeds originated 
from parthenogenesis. He did neither mention a possible autogamy nor did 
he giYe data on the viability of seeds produced by an isolated inflorescence. 
PoNOl\IAREV et LYKOVA (l 960) suggested cleistogamy for members of the 
family Chenopodiaceae. MULLIGAN et FINDLAY (1970) from Canada tested 
the hypothesis suggested by BAKER ( 1955) that most weeds are autogamous 
because this supports their colonization. The two authors isolated the flowers 
of various weeds including inflorescences of C. alburn L. and C. glaiicurn L. , 
and noted that these plants were capable to produce viable seeds. They also 
considered the possibility of agamogenesis. 

Members of the family Chenopodiaceae are regarded as more or less uni
formly anernophilous (WODEHOUSE 1935, AELLEN 1960, WILLIAMS 1963, 
MULLIGAN 1972). However, BLACKWELL et POWELL (1981) suggested that 
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entomophily may occur under certain conditions with some species. Also I 
observed a large number of bees and other insect species on fully developed 
and flowering individuals of C. album agg. 

It is obvious from the brief account that little is known of the mode of 
pollination in the genus Chenopodium. Therefore, it will be necessary to 
confirm the results of the mentioned authors, complete our knowledge of 
not investigated species and add new data on the mechanisms of pollination. 

In an earlier paper by the present author (DosTALEK 1983), the object 
of study was the influence of the mode of pollination (open pollination and 
spontaneous autogamy) on the germinating capacity of the seed, the rate of 
germination and the weight of 1 OOO seeds, using seven species of the genus 
Chenopodium: C. album L. s. str., 0. ficifolium SM., 0. glaucum L., C. hybri
dum L., 0. strictum ROTH, 0. suecicum J. MURR, 0. vulvaria L. For sponta
neous autogamy, the inflorescence before the opening of the flowers were 
covered with bags made of dense silon (nylon) commonly used in this sort 
of work. For control purposes, one plant always of several species was placed 
separately in the greenhouse in such a manner that pollination with foreign 
pollen could not occur. Supposing anemophily, the isolation of a larger 
number of plants in the greenhouse was technically impracticable. Germi
nation on a Jacobsen apparatus was made in three replications (100 seeds 
each) and in three variants: after free pollination, spontaneous autogamy 
using nylon bags, spontaneous autogamy in the greenhouse. According to the 
results, Chenopodium species arising from autogamy produced a sufficiently 
large number of viable seeds. A negative influence of autogamy such as the 
inbreeding depression reported for allogamous plants, was not reflected in 
any of the characteristics investigated. On the contrary, the weight of the 
seeds obtained by the mentioned modes of pollination, was most above the 
standard, and they tended to germinate at a considerable rate. 

In the present study, an attempt has been made to obtain a better under
standing of autogamy and allogarny in species of the genus Chenopodium. 
The present study has been based upon the assumption that forced autogamy 
must lead to a separation of the first generation into various groups. In addi
tion, it may have an unfavourable effect on the growth vigour of the plant 
(inbreeding depression). I have tried to estimate from a comparison of 
autogamous and free-pollinated progenies to what degree the individual 
filial generations have been affected by this phenomenon, paying attention 
mainly to a decrease in the weight of aboveground parts of the plant and 
its height. Future results will show which of the two modes of pollination 
is the more satisfacting one. 

MATERIALS AND ~IETHODS 

I used six species of the genus Ohenopodium: C. album L. s. str., 0. fici
folium SM., 0. glaucum L., C. hybridum L., C. strictum RoTH, C. suecicum 
J. MURR. The seeds for raising the plants were collected during an experiment 
in 1981 (DosTALEK 1983). The genetical uniformity of the experimental 
material was insured in that part of the inflorescence of one plant was isolated 
(spontaneous autogamy), part was left for open pollination. The experiment 
was performed in the experimental garden of the Botanical Institute, Cze
choslovak Academy of Sciences, Pruhonice. Young seedlings raised from 
seeds were planted in garden beds at a distance of 30 cm from one another 

264 



12 

IC' 

10 

4 

2 

11 i 22 

20 

18 

16 

14 

'] 
1 ~ 

10 

8 

6 

4 

,_ 

0 

0 05 

/ 
/ 

/ 

2 

f 

I 

I 

I 

/\ 
f \ 

\ 
\ 
\ 

\ 
\ 
v 

1,5 2 2.5 .3° 3,1 4 4,5 L;B 

Fig. 1. - Frequency polygons of indices L/B (length/breadth) (full line - free pollination; 
interrupted line - autogamy) 
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Table 1 - Weight of aboveground dry matter - s ignificance of differences in average values· 
(Variants: a - open pollinated plants, b - arising from autogamy) Significance of differen es 
Pvaluated with the t-test. 

Species Plant Pollination n x s F Significance 
progeny variant (~) p ~ 0.05 

no . 

C. album L. s. str. a 108 63.5 42.5 2.70 0.18 
b 93 62.6 25.9 

2 a 122 54.G 33.9 l.08 0.35 
b 110 53.0 35.l 

C. ficifolium a 64 41.3 33.9 1.16 0.44 
b 68 43.9 31.3 

C. glaucum a 35 40.7 15.0 1.07 1. 74 
b 39 46.9 15.4 

C. hybridum a 55 101.6 51.6 l.05 0.39 
b 51 105.6 52.8 

C. strictum a 71 81.5 50.5 1.46 1.41 
b 38 67.9 41. 7 

C. suecicum a 24 67.6 32 .8 2. 10 0.20 
b 47 79.2 47.6 

2 a 47 70.0 49.8 1.33 0.55 
b 85 75.6 57.5 

thus providing equal conditions for their development. Adult plants were 
measured and their biomass was collected. The plants were dried at 80 °C 
to a constant weight. The length/breadth index of the leaf lamina. of one 
plant represents the average value of measurements of five leftves. The 
t-test was used for a biometric evaluation. 

RESULTS AND DISCUSSION 

The data on the influence of the mode of pollination on the aboveground 
dry matter weight of the plant are shown in Table 1. No statistically signi
ficant difference was found in any of the species examined between free 
pollination and autogamy. Minor difference occured in averages of the bvo 
variants of pollination; in their absolute value, they were once in favour of 
the one mode, once in favour of the second mode of pollination. 

The effect of the mode of pollination on the height of the stem is reviewed 
in Table 2. Again, a comparison between autogamy and free pollination 
was found to be statistically not significant in all cases except 0. strictum 
in which the stem was remarkably higher in the free-pollinated variant, 
and 0. glaucum in the variant arising from autogamy. But also in the latter 
case no effect of autogamy could be observed in the progeny of the examined 
species. Admittedly, the different values between the variants of pollination 
in 0. strictum and 0. glaucum may have been due to other factors than the 
mode of pollination. Neither a retarded opening of the flowers nor disturbance 
of the development of inflorescence and flowers could be found in progenies 
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Table 2 - Height o f stem - s ignificance of differences in average values. (Variants: a - open 
pollinated plants, b - arising from autogamy) Significance of differences evaluated with the 
t-test. 

Spec ies 

C. albnm L. s. str. 

C. ficijolium 

C. glaucnm 

C. hybn'dum 

C. strictum 

C. suecicum 

Plant Pollination 
progeny variant 

no. 

2 

3 

a 
b 
a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 
a 
b 
a 
b 

n x 
(cm) 

s 

75 08.0 19.2 2.77 0.93 
92 95.6 11.5 
38 97.6 16.0 1.69 0.34 
80 98.8 20.7 

64 71.4 10.1 1.40 1.07 
56 73.7 12.4 

32 55.8 
42 65. 9 

7.3 2.7'!. 7.:{3 
4.5 

57 96.3 D.6 1.54 0.55 
55 97.6 11.0 

35 128.0 10. 7 1.80 4.59 
36 114.1 14.3 

18 90.9 13.l 1.06 0.19 
40 91.8 12.7 
23 90.6 13.5 1.41 0.56 
47 92.5 11.4 
47 91.8 14.6 1.91 0.54 
85 93.0 10.5 

Significance 
p ~ 0.05 

+ 

+ 

arising from autogamy. All plants produced standard numbers of viable 
seeds. 

Owing to the general belief in a large heterozygosity, particularly in C. 
album agg., I examined the influence of autogamy on the homogeneity of the 
11 population in three species, using the lenght/breadth index of the leaf 
lamina as the diagnostic character because a number of taxa within C. album 
agg. differ in it (Fig. 1, Table 3). Fig. 1 shows that the individual frequency 

Table 3 - Length/ breadth inclex of leaf lamina - significance of diffe rences in average values. 
(Variants: a - open pollinated plants , b - arising from autogamy) Significance of differences 
evaluated with the t-test . 

8poc ies Pollination n x F Significance 
variant p ~ 0.05 

C. album L. s. str. a 30 2.84 0.45 1.00 0.00 
b 30 2.84 0.56 

C. strictum a 30 3.12 0.72 1.44 1.9:2 
b 30 2.99 0.60 

C. suecicum a 30 1. 78 0. 24 1.00 0.38 
b 30 1. 74 0.24 
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polygons of lenght/breadth indices produce a simple peak in both variants 
of pollination which confirms that in the 11 population does not separate 
into groups differently shaped leaves. Also the shape of the leaf lamina re
mained unchanped in both variants (Table 3). Other features examined 
during the development of the I1 generation, were the shape of inflorescence 
and the height of the plant. Here again, these features showed that the 
heterogeneity of the autogamous population was not higher than that of 
the free-pollinated population. 

CON CL US IONS 

It has been demonstrated in this study that the 11 generations of the 
Chenopodium species were not negatively affected by autogamy in the weight 
of aboveground parts of the plant, its height, the development of inflorescence, 
the production of viable seeds. The homogeneity in the shape of the leaf was 
not disturbed by autogamy; no increased heterogenity was observed in the 
heigt of the plant, the weight of aboveground parts of the plant and the shape of 
inflorescence. It has been confirmed in experiments that autogamy exists in the 
genus Chenopodium consequently, the populations arising from autogamy 
may be relatively homozygous and morphologically relatively balanced. 
It remains to be seen how the specificities of the populations (originating 
lines) will assert themselves in the taxonomy of the genus Chenopodii1,m. 
Autogamy may explain the complicated variability particularly in C. albi1,m 
agg. The problem of a possible participation of apomixis in the variability 
of the genus will be in need of investigation. 

SOUHRN 

"Prace je pfispevkflm ke stucliu oplozovacich pomor u sesti druhu rodu Ohenopodium (Oh. album 
L. s. str., Oh. ficifo lium SM., Oh. glaucum L., Oh. hybridum L., Oh. strictum ROTH, Oh. suecicum 
J. MURR). U vsech zkoumanych druhu rodu Ohenopodium se neprojevil v 11 generaci nepfiznivy 
vliv autogamie na hmotnost nadzemni casti rostliny, vysku rostliny, vyvoj kvetenstvi a vznik 
dostatecneho mnoistvi zivotaschopnych semen. Autogamii nebyla porusena homogenita po
pulace ve tvaru listu. Ani ve vysce lodyhy, hmotnosti nadzemni casti rostliny a tvaru kvetenstvi 
nebyla pozorovana vetSi heterogenita 11 generaci, nez u popnlaci vzniklych ze semen z volneho 
opyleni. Vysledky potvrzuji pfodpoklad, ie zkoumane druhy rodu Ohenopoclium maji schopnost 
produkovat po ::iamospraseni Zivotaschopna semena. Nebyl take pozorovan vliv autogamie na 
dalsi generaci. 

Bylo tedy Pxperimenalne dokazano, ze u r odu OhenOJJodium existuje mo7.nost samospraseni, 
a v clusledku toho mohou vznikat populace pomerne homozygotni, morfologicky relativne vy
rovnane. Je problem, do jake miry se osobitosti populnci (vznikajiei linio) uplah\uji v taxonomii 
rodu Ohenopodium. Autogamie muie byt vysvetlenirn komplikovanosti variability, zvlaste 
u Oh. album agg. Zda se neuplatnuje take apomixe, bude tfeba zjistit v dalSi prac i. 
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JI. Zohar.\· 0t D. Heller: 

The Genus Trifolium 

The hracl Academy of Sciences and H1tmanities, Jerusakm 1984, 10 - 606 :;tr., :?:~1 tah., 1:3 fig., 
9 map. (Kniha je v lmihovne Ct:IBS.) 

Rod Trijolium je jednim z ncjvetsich rodu ekonomicky dulezite 6eledi F '1ba('eae. Jeho z:'.s tupci 
tvori vyznamnou soucast vegetacniho krytu hlavne v Mediteranu a v pfilehlc mirne oblasti a ne
kter6 jeho drnhy jsou vyznamnymi picninami. Presto vsak dosud sc luizelo dilo. ktPre by ::;e mono
grafi('k,V tomuto rodu v cel6m joho rozsahu dukladneji venovalo. I kdyz rod jo hospodafsky vy
znamn)', byl z jeho druhoveho bohatstvi (nejmene 250 <lrulrn) zavcden do kultury zatim jen maly 
pocet druhi'.1 (c. 15). Star8i autor z autorske dvojice ~1. ZoHARY zpracoval tento rod nejc1Hve pro 
dilo Flora Palaestina (47 druhu) a pak do dalsiho fl6roveho dila Flora of Tmkey (100 clruhu); 
pi·i techto jeho pracech vznikla idea vypracovat monografii celeho rodu. Vydani knihy se tento 
autor jiz nedozil; zemfel po skonceni korektur teto monografie. Hlavni ucel knihy vidi jeji autoh 
v tom, podat rcferencni pfirucku s co mozna uplnymi popisy a dale vyobrazcnimi vsech druhu 
rodu; pritom autofi chapou svo u knihu jen jako bazi pro dalsi vyzkum rodu. Kniha pfedstavuje 
klasickou monografii, v niz je rod zpracovan hlavne z hlediska taxonomickeho a chorologickeho. 

Roel Trifolium nepaUi mozi kriticke rocl,v; je pro nej charaktc l'isticky vfskyt jcn mal6ho poctu 
krizend1 mezi jeho druhy. J oho s .kce jsou rnorfologicky velmi zfetelne. takie jsou nekterymi 
autory chapany i jako sam')statn6 rody. Vyvojove centrum roclu je bezosporu ve Stfcclozemni 
oblasti, kcl e je zastoupeno 120 clruhu, tj. ± polovina z celkoveho poctu druhu rodu, paUicich zde 
k 7 z 8 sekci roclu. Autoi'.·i c hapo u rod Tr~foliwn jako morfo logic-ky pi·irozcnOlt jcdnot ku, ktera 
nC'mufo byt, rozcloncna do nejakych dalsich samostatnych rodu a take by nernela byt pi"ifazena 
(ani zb\sti) ((r, Hclne jine taxonomicke ::ikupiny (shluku) noz jc tribus Trifoliene. Tim se autori 
li~i nd nazoru S')vetskeho monografa jetoli'1 B obrova i nckt eryc h nasich autori'.1 (vfrtno reC'enzenta). 
Colkl'ffi autofi rozeznavaji v roclu 8 se kc i; nektere z nich jsou v8ak pomerno sil'OCC' pojate a svym 
obsahem t<'iz dosti h0terngenni. Celkovy pocet druhu prijatych autory je 237, k nimz p!·istupuje 
joste 80 vyznamnych i'1fraspcicifickych taxonu (zpraviclla vyssi taxonomick e hoclnoty nez jim 
pfisondili autofi). Jortnd. so tody 0 do-;ti rozsahly rnd (se sirsim geografiokyrn rozsifenim) a mono
graficke zpracovani je timto jelrn rozsahem podstatne ztizeno. V posleclni dobe monografie tak 
rozsahlych rodu z b:::>tanickc li te rat.ury vymizely; baclatele se v,vhybaji jcjich zpracovavani. Je 
vsa.k nutno uvest, ie autofi pojeclnavaji 0 rodu velmi strucne a ie ani d.osti znacny rozsah jejich 
knihy (pfo::i 600 stran) nemul" stac it pro dostatecne zpracovani jetelu ve svetovem meHtku. 

v obecne casti knihy probiraji autoh historii taxonomicke klasifikac·c roclu; zde z nasich bota
niku jsou zmineny nazory K. B. Presla a Celakovskeho. Pi'.·i foseni ot.'tzky infragenerickeho 
clenoni rodu je zde vysloven kriticky pORtOj autoru k rozfleneni jetc}u do VJC'l' rOcltl provedenernu 
Pres!em a pozdeji pfevzatemu Bobrovem, jez v nasi novojsi literat.ufe rozvinul hlavne nomenkla
toricky SoJ'AK a pine pfojal DosTAL do jeho ,,Seznamu". Je zdo take pro bran vztah rodu Trifolium 
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