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GENETIC VARIABILITY IN MAIZE (ZEA MAYS L.) INDUCED BY 
MUTAGENS 

Il. VARIABILITY OF MORPHOLOGICAL CHARACTERISTICS AND YIELD 
STRUC'IURE COMPONENTS IN THE M 2 AND M 3 PLANTS OF THE MAIZE 
LINE S-615 INDUCED BY COMBINED TREA l'MENTS OF SODIUM AZIDE 

N-METHYL-N-NITROSOUREA AND GAMMA RAYS 1 
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Summary. The applied chemical mutagens (SA, MNUA), gamma rays and their 
combinations have considerably increased the varia.bility range of morphological cha.­
racters and yield structure components. It was observed that the analysed trait varia.bility 
is larger in M 3 than in M • generation. 

The sequence of mutagen treatment in combined doses has markedly effected the 
variation range of morphological characters of M 3 plants. As a result of the mutagen 
action a number of morphological ma.ize mutants have been obtained. 

The mutation method has been widely used to induce genctic variation in breed­
ing works for over ten years. The variation range of traits may be increasEd by the 
application of physical and chemical mutagenie agents. The interaction of various 
mutagens may also increase mutation dfcctiveness. The extension of the variation 
range of quantitative traits in a mutagen-treakd population creates a larger possi­
bi.lity for selecting forms with desirable useful traits. 

The purpose of the present paper was to determine the influence of combined 
treatments of SA, MNUA and gamma rays on variation of morphological charac­
teristics and yield structure components of M 2 and M 3 maize plants. 

MATERIAL AND METHODS 

An object of the studies was the inbred line S-615 (Zea mays L.) bred at the 
Experimrntal Department of Plant Brecding and Acclimatization in Smolice by 
Docent Dr. hab. Królikowski. The line S-615 originat€d from the population v ariety 
Wigor. The methc.ds of treatment and obtaining cf M 1 were describEd in Part I of the 
studies (Olejniczak 1985). The obtained M 2 and M 3 grains were sown out in 
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populations in the field at tbc spam of 15 X 75 cm in three replicaticns by the method 
of ra.nd( m blocks, 240 grains in each n:plication representing all inbreedingly pollina­
ted plants. On the mature pla,nts of M 2 and M 8 generations the following characters 
were studicd: the plant height, the ear inserticn height, lrngth of the last (upper) 
interncde, tassel length, the number of ta.ssel branches, the length and breadth 
of the flag leaf (leaf index: length xwidth x 0.75), the number of leaves and the 
number of cobs. 

The biometrical description of the yield structurc components concemed th( .. 
following characters: the pith length, the pith diameter, the number of kernel rows 
per cob, the number of kernels per row, the pith weight, the kernel weight per cob, 
the kernel number per cob and the 1000-kernel weight. 

The obtained data were statistically treatcd. For each combination as well as for 
the control combinations the variation ccdficients of the studicd characters were 
calculatcd. In order to present the position of mutagen combinations, describcd by 
a complex of the studicd characters, graphicany on a piane the mcthcd of canonical 
variables was uscd (Caliński, Kaczmarek 1973). For individual pairs of mutagen 
combinations Mahalanobis's distances were calculatcd and their significance was 
studicd by ccmparing them to the control critical distances at the level of a=0.05 
and a=0.01 (Caliński, Kaczmarek 1969). In addition, on the basis of Mahalano­
bis's distances a dendrite between the combinations was determined. 

Grains frcm inbrHd'.ngly pcllinatcd cobs, which were not sown in populations,. 
were sown out in the ficld in cobrows at the space of 15 X 75 cm. 'l'hro11ghout the 
vegetaticn season mcrphck gical observations were made. On the basis of thesc 
obEervaticns scme mutants were selected. 

RESULTS 

VARIATION ANALYSIS OF MORPH OLOGICAL CHARACTERISTICS 
AND YIELD STRUCTURE COMPONENTS OF. M, .PLANTS 

Mu ta.gens caused an increase in the variation ccefficients (Table 1) of the following 
morphological plant characters: the plant height, the number of tassel branches, 
the number of shapely cobs per plant . The dose of O. 7 mM of SA caused a11 increase 
in the variation cf the flag leaf index in comparison to the control form. The re­
maining analysed characters (the height of plants, number of cobs per plant, the 
length of the last interncdes, the tassel length, the number of leaves per plant) were 
fo1md to havc a rcduction of the variation range. An analysis of the yield structure 
components (Table 2) showes an increase in the variation of the foJlowing characters: 
the pith di2,meter, the kernel weight and kernel number per cob. Combined doses 
of gamma rays and MNUA also extended the variation of the 1000-kernel weight. 

The position of mutagen combinaticns in the piane of canonical variables (Fig. 1} 
and the dendrite, indicate that the mutagen doses significantly diff0Tentiatcd the 
morpholugica1 charaeteristics of plants in relation to the control (except the 
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Mutagens , n· eig height length ______ _ branches per plant ----~-

! M, M, M, M, M, Jl, Jl, .ll, M, M, Jl, .II, .U, M, Jl, Jl, 

Control•H,0 - --- 9.4 10.6 20.7 20.9 : 22.0 17.7 14.9 14.7 I 26.5 :33.0 39.0 54.4 11.7 10.5 -,- O.O O.O 
Coutrol-buffer 13.1 9.1 22.3 17.5 19.2 17.9 11.0 11.7 25.2 34.9 38.7 40.S 10.9 9.7 30.2 14.5 
0.7 mM SA 12.5 15.8 19.3 29.5 21.5 21.6 1 '14.1 24.1 26.5 53.4 45.4 68.4 8.9 10.7 27.-1 19.8 
0.8mM MNUA 9.5 21.9 19.6 35.8 17.5 24.4 17.0 27.4 33.8 50.3 35.9 5().6 13.7 11.G :36.fl O.O 
7 kR gamma 10.0 16.4 22.2 28.3 20.5 10.2 11.9 27.5 36.2 47.9 30.2 60.0 ' 10.ó !l.fJ 26.~ 17.5 
0.7 m\l SA+0.8 m.\1 MNUA 9.9 20.3 23.3 33.1 18.0 32.1 13.3 32.0 31.6 69.4 33.6 7 i.8 10.~ 13.5 32.6 14.5 
O.Sm}{ MNUA+0.7mM SA 9.4 17.1 17.7 28.6 16.6 24.6 12.0 29.0 35.3 64.3 35.R GU l" • 11.0 32.1 14.5 
7 kR+0.7 mM SA i 9.4 17.5 16.5 41.0 17.6 23.0 10A 24.0 28.1 52.4 39.0 76.1 9.4 12.3 18.4 O.O 
0.7 mM SA+7 kR , Il.O 22.4 19.9 29.4 10.8 24.3 18.8 24.5 29.7 65.2 28.5 61.2 8.6 8.0 32.2 O.O 
7 kR+0.8 mM MNUA I 7.4 16.8 20.6 33.0 16.6 21.9 11.5 25.8 31.5 72.7 33.9 81.2 8.5 10.0 32.0 O.O 
0.8 mM MNUA+7 kR 14.1 18.4 24.6 36.0 15.7 19.9 14.6 2!.4 32.5 73.7 38.8 73.7 9.5 12.i 30.9 25.0 

Table 2. Variation coefficients of the yield structure traits of J.Vl 2 and M 3 plants depend oa treatments 

Pith length I Pith diameter i No. of kernel Kernel No. 
Pith weight. 

Kornel ,veight Kernel No. 1000-kernel 

Mutagens I rows per cob per row per cob per cob weight 
------- ~---~- 1.--M~--- _ J.lla _" _ M, M, 111 2 .Złi3 .1\12 Jf3 J.lf2 M, J.11!: 1113 M, . .Llfa M, M, 

Control-H,O 15.2 16.3 7.1 6.8 12.6 16.8 12.0 26.2 35.1 24.8 :i6.2 43.5 32.3 45.8 18.7 24. l 

Coutrol-buffer 13.8 15.3 10.3 6.7 10.7 16.9 10.9 26.0 31.7 82.7 H.6 51.9 38.3 53.1 16.6 24.9 

0.7 mM SA 14.2 19.4 11.1 9.7 17.5 18.7 12.6 33.7 31.5 31.5 40.6 60.8 38.3 63.0 14.3 27.9 

0,8 mM MNUA 13.6 19.4 11.6 26.8 10.7 22.5 10.4 34.6 27.4 39.5 12.6 70.3 39.8 54.1 16.4 31.9 

7 kR gamma 12.7 20.2 13.4 10.4 15.8 16.8 11.9 35.8 29.0 35.9 50.7 68.3 48.4 58.7 15.8 33.0 

0.7 mM SA+0.8 mM MNUA 13.6 20.6 14.9 9.7 16.5 20.7 11.3 36.5 25.1 32.3 41.6 80.4 39.6 68.0 17.8 2''' • ,v 

0.8 mM MNUA+0.7 mM SA 11.6 15.0 13.0 9.2 12.2 21.3 12.5 28.1 2!.9 39.1 40.7 .59.8 38.7 59.8 15.1 25.4 

7 kR+0.7 IlLl\l SA 12.0 23.6 11.0 16.4 11.0 23.8 9.0 31.0 32.8 H.6 35.9 67.4 31.6 56.0 18.0 31.4 

0.7 mM SA+7 kR 8.9 20.8 10.9 10.0 10.7 15.6 8.8 19.7 26.8 57.6 36.9 57.0 97.0 52.6 20.0 28.1 

7 kR+0.8 mM MNUA 11.3 21.2 14.8 12.4 14.7 16.6 11.6 31.3 25.7 40.5 54.3 76.4 54.6 69.3 23.5 29.2 
0.8 mM MNUA+7 kR 14.8 18.4 '11.6 10.1 12.9 15.8 11.8 24.5 26.0 35.7 54.0 50.0 50.2 43.0 19.9 34.4 
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Fig. 1. The position of individual mutagen cornbinations in the piane of canonical variables 
and the dendrite between the combinations plotted on the basis of Mahalanobis's distances 

for the studied rnorphological characters of M • plants 
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Fig. 2. The position of individual mutagen combinations in the plane of canonical varia.bles 
and the dendrite between the cornbinations plotted on the basis of Mahalanobis's distances 

for the studied yield structure traits of M, plants• 

• deslgnatlona 1, 2, ••. , 11 as In Diagram 1 
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corubinaticn 0.7 mM of SA+0.8 mM of MNUA). The sequence of action of gamma 
rays and SA in the ccmbincd doses mark( dly < ff. ctfd the morpholugical plant habit,. 
which was not found in the case of the ccmbin(d d-::ses of MNUA a:r.d SA. 

The yidd structure ccmpcnents (Fig. 2) cf M 2 plants present(d in the system 
of canonical variables were significantly altend in relaticn to the control (<:xCEpt the 
doses of 7 kR gamma+0.7 mM SA). Significant d:ff0rentiatiun was reveahd with 
regard to the complex uf the yield structure components after the action of scdium 
azide, N-methyl-N-nitrosourea ard gEmma rays. The sequence of the mutagen 
action in ccmbim d doses markldly tfftctEd the whole of the yield structure com­
pcnmts of M 2 plants. 

AN ANALYSIS OF VARIATION OF MORPHOLOGICAL CHARACTERS 
AND YIELD STRUCTURE COMPONENTS OF M, PLANTS 

After the ( ff..:ct of all the doses of muta.gens and their combinations, an increase 
in the variation range of morpholcgical characters and yield structure components 
was fcund (Tables 1, 2). Varia tien of the studif:d traits induccd by the interaction of 
SA+MNUA was larger than that in combination with MNUA+SA. Chemical 
mutagrns SA aLd MNUA appli(d before gamma rays considerably increasEd the 
variaticn range cf the yidd structure ccmpcnents in ccmparison with the mutagens 
acting after a physical factor. It was o bserved that the habit of morphclc gical plant 
cha.racters was ma1kcdly alte!'Ed in individual ccmbinaticns as ccmpared to the 
crn1rd. 

The sequence cf treatments with the mutagens SA and MNUA as well as with 
gemma rays and SA in ce mbined dcS€s caused no changes in morpholcgical cha­
racters as a whole, whereas the sequence of using gamma rays with MNUA signi-
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Fig. 4. The position of individual mutagen combinations in the plane of canonical variables and 
the dendrito between the combinations plotted on the basis of Mahalanobis's distances for the 

studied yield structure traits for M 3 plants* 
• dcsignations 1, 2, ... , 11 as in Diagram 1 

ficantly influenced the complex of morphological characters (:F'ig. 3). Mutagens and 
their combinations considerably altered the w hole of the yield structure components 
(Fig. 4) as compared to the control (except the l\INUA dose). Combined treatments 
gamma rays with MNUA and of MNUA with gamma rays as well as that of SA+ 
+MNUA and MNUA+SA had no influence on the yield structure components. The 
yield structure components were pronouncedly altered in the case of interaction of 
gamma rays with SA and sodium azide with gamma rays. Over ten maize mutants 
with an altered habit of morphological characters mostly after a treatment with 
combined mutagen doses have been selected. 

DISCUSSION 

The use of mutation methods for increasing the variation range of quantitative 
traits was initiated by Gregory (1955) in peanuts and by Rawlings et al. (1958) in 
soybeans, by Oka et al. (1958) in rice and by Aestveit (1966) and Gupta (1969) in 
harley. Attempts to estimate variation of quantitative traits in a treated population 
were started by Scossiroli (1964) and Scossiroli et al. (1966) in wheat. 

In the M2 generation, particularly after the action of gamma rays with MNUA 
and the combination SA with MNUA, the variation range of the following characters 
was found to extend: the plant height, the number of auxiliary tassel branches and 
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the number of shapely cobs. Balint and Sutka (1966), using gamma rays in maize 
also obtained an increase in the variation range of M 2 and Ma plant characters, such 
as the plant height, leaf number, the number of kernel rows per cob, the cob weight 
and the cob length. Mehandjiew (1975) observed the influence of the succeeding 
nmtagens treatments in combined doses on the variation range of morphological 
characters in pea, and Abdalla and Hussein (1977) - in field bean. 

Chemical mutagens applied before gamma rays in combined doses increased to a 
significant degree the variation of the yield structure components, as compared to 
those applied after a physical factor. In the studies of Abrams and Frey (1964) 
EMS+Nth (neutrons) interacted more effectively in extending the variation range of 
oats than they did in the combinations Nth+EMS, EMS+EMS and Nth and Nth. 

A larger variation range of the studied traits was in the Ma generation, as com­
pared to that of M 2 generation. This results from segregation of mutated alleles. The 
obtained results agree with the observations conducted by of Bhatia and Swami­
nathan (1962) after treatment of wheat with X- and beta-rays. 

The applied chemical mutagens increased the variation range of the studied 
characters in maize to a larger degree than d:d gamma rays. Ehrenberg et al. (1965) 
analysing the effect of X, EI and EMS on the quantitative traits of wheat in the M 2 

and M8 generations found a larger effectiveness of chemical mutagens than of 
X-rays. Similarly Conger et al. (1976), treating soybean seeds with various mutagens 
(gamma, Nth, EMS) found the largest variation of the studied traits after the action 
of EMS. Abrams and Frey (1964) report about a significant increase of the varia­
tion range of the plant height and seed weight in oats after the action of neutrons 
in comparison to the acting doses of EMS and paz. 

In the M 2 and M 3 generations of maize over ten mutants with an altered morpho­
type have been selected. Most of mutated forms were obtained from combined muta­
gen doses. Morgun and Larchenko (1975, 1978) as well as Popova (1978) using 
chemical mutagenesis obtained morphological mutants of maize. N euffer and Coe 
(1978) treating maize pollen with EMS and NG obtained a high frequency of morpho­
logical mutations, and Shkvarnikov and Morgun (1964) displayed a high 
effectiveness of chemical mutagens for induction of maize mutants. Królikowski 
(unpublished) obtained new maize lines after the action of mutagens. 

The obtained morphological mutants may be used in maize breeding and in 
analysis of evolutionary ways of the genus Zea. 
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ZMIENNOŚĆ GENETYCZNA KUKURYDZY (ZEA MAYS L.) WYWOŁANA 
DZIAŁANIEM MUTAGENÓW 

II. ZMIENNOŚĆ CECH MORFOLOGICZNYCH I CECH STRUKTURY PLONU ROŚLIN 
POKOLENIA M 2 I M 3 LINII S-615 WYWOŁANA WSPÓŁDZIAŁANIEM AZYDKU 

SODU, N-NITROZO-N-METYLOMOCZNIKA I PROMIENIAMI GAMMA 

Streszczenie 

Działanie mutagenów chemicznych (SA, MNUA), promieni gamma oraz ich kombinacji 
spowodowało rozszerzenie zakresu zmienności cech morfologicznych i cech stmktury plonu 
roślin kukurydzy. Większą zmienność cech obserwowano w pokoleniu Ma niż w M,. 
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Zastosowanie mutagenów chemicznych , a następnie działanie promieniami gamma okazało 
si~ bardziej efektywne niż traktowanie mutagen am i el,crnicznymi nasion uprzednio napromie­
niowanyclt. Ponadto działanie mutagenów chomiczHych w większym stopniu niż promieni 
gamma posr.crzało r.akres r.mienności bndanych cech. 

rEHETMYECKAJI 113MEHYMBOCTb KYKYPY3bl (ZEA 1VJAYS L.) 

Bbl3BAHHAJI ,[(El1CTBI1EM MYTArEHOB 
li. l13MEHl.JMBOCTb MOP<tiOJIOrl1YECK11X ITPl13HAKOB 11 3JIEMEHTOB 

CTPYKTYPbl YPO)KAHHOCTM PACTEHMM B ITOKOJIEHMJIX M 2 H M 3 Y nI-IHI1U 
KYKYPY3bl S-615, Bbl3BAHHMi ,[(EHCTBMEM A3l1,[(A HATPMJI, N-Hl1TPO3O-N­

·METMJIMOl.łEBI1Hhl 11 rAMMA-JIYl.łEM 

Pe310Me 

XHMH'leCJ<He MYTal'CHbl (SA, MNUA), raMMa•JJY'IH lf HX KOMfa(Hal.llfH yBeJIJ{'IHJJH npe.r1en lf3MCH­
'IHBOCTH MOP<llOJJOl'H'łCCKl{X I1pH3HaKOB H 3JJCMCHTOB ypo:lKaHHOCTH pacTemw KYKYPY3b!. BbIClllall H3MCH­
'll{BOCT!, aHaJJH3HPYCMbIX I1pH3HaKOB Ha6JJIO.[laJiac1, B IIOKOJICHHlł M3 no cpaBHCHHIO C I10KOJICHHCM M2. 

TTpHMCHCHJ{e MyrnreHOB rrepe.r1 IIpHMCHCHHCM raMMa•JJY'łCH OKa3aJIOCh 6onee 3cl><peKTHBHhIM, 'ICM 
nocne o6JJy<ICHHll 3eptta raMMa-Jiy'laMH. KpoMe Toro, XHMlf'ICCKJ{e MyTarCHl,J B 60JihillCll: CTeneHH pac­
llllłpllllll npe.r1en H3MCH'IHBOCTII HCCJIC.[lyCMl,IX npH3HaKOB, 'ICM ra11,u.rn-Jl)"IH. 


