
Theoretical and Applied Genetics 44, 77--81 (1974) 
| by  Springer-Verlag 1974 

Differential Response of Maize (Zea mays L.) to Mass Selection 
in Diverse Selection Environments  1 

FERNANDO ARBOLEDA-RIVERA ~ and WILLIAM A. COMPTON 

D e p a r t m e n t  of Agronomy ,  U n i v e r s i t y  of Neb ra ska ,  Lincoln,  N e b r a s k a  (USA) and  I n s t i t u t o  Colombiano  
Agropecuar io ,  Medel l ln  (Colombia) 

Summary. The present s tudy was designed to find what  seasonal effect mass selection would render when practiced 
within a maize (Zea mays L.) population. Three subpopulations of "Mezcla Varietales Amaril los" populat ion (MVA) 
were selected for prolificacy and grain yield in three different seasonal condit ions:  (i) MVA-A selected in ra iny sea- 
sons (A); (ii) MVA-B selected in dry  seasons (B); (iii) MVA-AB selected under both seasonal condit ions each year. 
Three cycles in MVA-A and,MVA-B , and six in MVA-AB were tested during three A and three B growing seasons for 
evaluation of progress. 

Mass selection in MVA-A resulted in an increase in grain yield of 10.5% per cycle when tested in the A seasons 
(direct response) and only 0.8% when tested in the B seasons (indirect response). For  ears per p lant  the corresponding 
responses were 8.8 and t .0%. The direct response in grain yield in MVA-B was only 2.5% per cycle whereas it was 
7.6% when tested in the A seasons. The gain in ears per p lant  was 11.4% in the tests in the A seasons, but  the direct 
response was 4.4% per cycle. In  MVA-AB, there was a gain in grain yield of 5.3 and l . t~o per cycle in the tests in A 
and B seasons. For  prolificacy, the respective gains were 7.0 and 3.3% per cycle. 

Introduction 

Mass select ion has  been p r a c t i c e d  successful ly  in 
maize  (Zea mays L.) b y  severa l  b reeders  (Gardne r  
1961, t969,  H a r p s t e a d  et  al. 1967, L o n n q u i s t  1964, 
1967, L o n n q u i s t  e t a l .  t966, To r r eg roza  and  H a r p -  
s t ead  t967).  All the  r epor t s  dea l  w i th  se lec t ion  in 
on ly  one select ion env i ronmen t .  The  au thors  are  
no t  aware  of r epor t s  in the  l i t e r a t u r e  on mass  selec- 
t ion  for p ro l i f i cacy  and  g ra in  y ie ld  in maize  in dif fer-  
en t  se lect ion env i ronmen t s  beg inn ing  w i th  the  same 
or ig ina l  p o p u l a t i o n .  Such s tud ies  have  been done in 
some an ima l  species (Cockrem 1963, F a l c o n e r  a n d  
L a t y s z e w s k i  t952,  F r a h m  and  K o j i m a  1966, H a m -  
m o n d  1947), u n d e r  good and  poor  d ie ts  and  h igh  and  
low t e m p e r a t u r e  condi t ions .  The  ques t ion  is w h e t h e r  
e n v i r o n m e n t a l  cond i t ions  t h a t  enhance  the  expres-  
s ion of a des i red  c h a r a c t e r  will  resu l t  in more  ga in  
f rom se lec t ion  t h a n  will  u n f a v o r a b l e  condi t ions .  
A large  g e n o t y p e  X e n v i r o n m e n t  i n t e r ac t i on  necessi-  
t a t e s  the  d e v e l o p m e n t  of va r i e t i e s  h igh ly  a d a p t e d  to  
specif ic  env i ronmen t s ,  and  a smal l  i n t e r ac t i on  p e r m i t s  
the  d e v e l o p m e n t  of va r i e t i e s  t h a t  will pe r fo rm well  
in a b r o a d  s p e c t r u m  of env i ronmen t s  (Al lard  and  
B r a d s h a w  t968,  Cockrem 1963). 
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There  are two  p l a n t i n g  seasons in the  i n t e r m e d i a t e  
a l t i t udes  and  in t he  lowlands  of Colombia .  A t  t he  
T u r i p a n a  E x p e r i m e n t a l  Center ,  these  two p l a n t i n g  
seasons have  v e r y  d i f fe ren t  w e a the r  condi t ions .  The  
Maize Breed ing  P r o g r a m  of the  I n s t i t u t o  Colombiano  
Agropecua r io  has  found  l imi t ed  progress  f rom mass  
se lect ion in m a n y  p o p u l a t i o n s  when cycles are ob ta in -  
ed con t inuous ly  in eve ry  season,  However ,  in t h e  
h igh lands ,  where  corn can be grown on ly  in one 
season,  mass  se lect ion has r e su l t ed  in r a p i d  progress  
in increas ing  n u m b e r  of ears  pe r  p l a n t  a n d  gra in  
y ie ld .  No in fo rma t ion  is ava i l ab l e  on g e n o t y p e  • 
season in t e r ac t ion  in th is  two-season  select ion sys tem.  

The  purpose  of th is  p a p e r  is to  r epo r t  the  resu l t s  of 
severa l  cycles  o b t a i n e d  b y  mass  se lect ion for prol i -  
f i cacy  and  gra in  y ie ld  in a t r op i ca l  v a r i e t y  of maize  in 
d i f fe ren t  se lect ion env i ronmen t s .  

Materials and Methods 

This s tudy was carried out at  Tur ipana Agriculture 
Experimental  Center,of the tns t i tu to  Colombiano Agro- 
pecuario (ICA). I t  is located at  t2 meters above sea 
level, 12 kilometers northeast  of Monteria, about  80 kilo- 
meters from the Atlantic  coast of Colombia. For  this 
paper, the two plant ing seasons each year  a t  tha t  loca- 
tion are called A and B seasons. The A season extends 
from April  to September and has an average rainfall  of 
about  600 ram. I t  is considered to be the more favorable 
cropping season. The B season extends from October to 
March and has an average rainfall  of about  300 mm. 
Li t t le  or no rain usually occurs in the  la t ter  par t  of this  
season and there is less cloudiness than in the A season. 
There also is a larger difference between day  and night 
temperatures  in the B season, but  the  average tempera-  
ture is about  the same as for the A season (29 ~ 

The populat ion "Mezcla Varietales Amaril los" (MVA) 
was chosen for the present  s tudy due to its great diversi ty 
in genetic and geographic origin. In  t96t  A (season A in 
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the  year  1961) a diallel cross was made  among  t0 yel low 
fl int  var ie t ies  adap ted  to Turipana.  Those var ie t ies  were : 

Venezuela I, Ven. 400 and Ven. 47t.  Variet ies  re- 
p resen ta t ive  of the  race  Coste~o grown in the  Car ibbean 
coast  of Venezuela  and Colombia.  

Cuba 2 and Cuba 345. Collections f rom the  Cuba f l in t  ~-~ 
t ype  f rom the  Car ibbean zone. 

ETO. A Colombia  composi te  adap ted  to  a lmos t  all  the  
t ropical  areas around the  world.  

Amarillo Theobromina. A col lect ion f rom the  Colom- 
bian race Coste~o. 

Nari~o 330. Represen ta t ive  of the  corn p lan ted  in the  
middle  lands in southern  Colombia.  .~ 

Ecuador 542. F r o m  the  lowlands  of the  coas t  of Ecua-  
dor. 

Per(, 330�9 F r o m  the  lowlands  of the  coast  of Peril. 

F i f teen  to  t w e n t y  disease free ears f rom 50-- 60 hea l thy  .~ 
cross-pol l inated p lants  were selected f rom each of the  
45 F~'s. All ears f rom each cross were shelled and bulked.  
Two  hundred  seeds f rom each F~ were mixed  and the  "~" 
composi te  was p lan ted  in a 1/4 hec ta re  isolat ion in 1962A .~ 
on three  dates  to assure crossing of different  m a t u r i t y  
groups. Seeds f rom all  ear-bear ing p lants  were bulked�9 
The  popula t ion  was then  r andom ma ted  for four  genera-  "~ 
t ions.  The  seed of each genera t ion  was r a n d o m l y  picked 
f rom square isolated plots,  60X 60 hil ls;  the  hil ls  had  two 
plants  and each hil l  was separa ted  92 cm in e i ther  direc- 
t ion.  I n  t 966A three  samples  of three  kilos each were ~ 
separa ted  f rom the  bulked sample  of the  f if th r andom-  ~ �9 
m a t e d  generation�9 T h e y  were cal led subpopula t ions  ~ 
MVA-A to  be mass selected on ly  in season A, MVA-B to  
be selected only  in season 13, and MVA-AB to be selected ~ 
cont inuous ly  in bo th  seasons�9 ~ 

The  select ion cr i ter ia  were prolificacy ( two or more  ears ~ 
per plant)  and grain yield for all  three  subpopulat ions .  ~ , .~  
E a c h  isolat ion had 42 • 52 hil ls  separa ted  92 cm in e i ther  ~ 
di rect ion wi th  2 p lan ts  per  hil l  a t  harvest �9 The  select ion ~ b, 
in tens i ty  was 5%. Each  grid consisted of 4 rows of 5 hills .~ 
each (40 plants) .  At  ha rves t  the  ears of 6 - - t 0  prolific "4 
p lan ts  per  grid were dried to cons tan t  mois ture  and the  ~ 
two  highes t  yielding plants  were selected to  be included ~ 
in the  composi te  for p lan t ing  the  nex t  cycle. Fo r ty - th ree  ~ 
seeds f rom each of the  200 selected p lan ts  were bulked ~ 
together .  Three  composi tes  were made  in each cycle;  ~ "~ 
one of these was for p lan t ing  the  nex t  cycle, one for test-  ~ 
ing purposes and one for reserve which was s tored in a cold ~ "~ 
room. ~ "~ 

Yield t r ia ls  were p lan ted  in seasons t968B, 1969A, 
1970A, 1970B, 1971A, and 197113. The  first  three  
consis ted of MVA-IA and I IA,  MVA-IB  and l i B ,  MVA- .% 
I A B  to MVA-IVAB,  MVA original,  ICA V.105 and 
DH.  104. ICA V.105 is a commerc ia l  va r i e ty  released af ter  "~ 
two  r a n d o m  mat ing  genera t ions  of MVA-I IB .  This  cycle 
showed ve ry  good adap tab i l i t y  and yield per fo rmance  
t h roughou t  the  At l an t i c  Coast in Colombia,  based on .~ 
90 repl ica t ions  in t en  envi ronments .  The  last  three  .~ 
seasonal  tes ts  consis ted of MVA-IA to  M V A - I I I A  (obtain- 
ed in 1967A, 1968A, and  1969A, respect ively) ,  MVA-IB,  
to  M V A - I I I B  (obtained in 1966B, t967B, and 1968B, 
respect ively) ,  and  M V A - I A B  to  MVA-VI  AB (obtained ~'~ 
in 1966B, 1967A, 1967B, 1968A, 1968B, and 1969A, .~ 
respect ively) .  The  design used in each tes t  was a r andom-  
ized comple te  b iock  wi th  t en  repl icat ions.  Plots  were two  
rows wi th  10 hills each, w i th  hil ls  and rows separa ted  "~ 
92 cms in e i ther  direction�9 F ive  seeds were p lan ted  per 
hi l l  and  la ter  th inned  to three  p lan ts  per  hill. At  ha rves t  
ear yields were recorded to the  nearest  t en th  of a kilo- 
gram. The  ear yields were correc ted  for missing hills ,2 
by  the  m e t h o d  given by  Jugenhe imer  and  Wil l iams (1957). 
Grain  yields, ad jus ted  to 15.5% moisture ,  were ob ta ined  
by  the  m e t h o d  of Gorsl ine and Thomas  (t 963). 
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Gain from selection was estimated for each subpopula- 
tion for each season and over both seasons by the weighted 
regression of each trai t  obtained from all individual ob- 
servations (in percent of the original population), on 
cycles of selection. 

R e s u l t s  

Yield 

The resul ts  of the tes t  conduc ted  for gra in  yield 
in six seasons are summar ized  in  Table  ~. The 197013 
season was the  h ighes t -y ie ld ing one. U n u s u a l l y  well 
d i s t r ibu ted  rainfal l  was present  dur ing  t ha t  pa r t i cu la r  
growing season. The lowest-yie lding seasons were 
~970A and  ~97~B; there was an u n u s u a l  lack of 
ra infal l  for an A season in the former and  an ext reme 
drought  in the  la t ter .  As a consequence,  the MVA-A 
selections performed be t t e r  in t 970B  and  the original  
MVA popu la t ion  outy ie lded  the selected genera t ions  
in ~970A and  197~B. For  a clearer p ic ture  of the  
per formance  of the three subpopula t ions ,  the da ta  
from the  tests  in  the A and  ]3 seasons, and  overall  
seasons are presented  in Fig. ~, 2, and  3. 
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Fig. I. Linear regressions of relative yield on cycles of selec- 
tion in MVA-A subpopulation in tests in varying seasons at 

Turipana, Colombia 

As shown in Fig. 1, a substantial gain of 4, 0.5 % per 
cycle (direct response) was obtained in the MVA-A 
selections when tested over three A seasons, but  only 
0.8% per cycle (indirect response) when tested in 
three B seasons. On the other hand, the selections 
made in the B season (MVA-B), Fig. 2, showed gains 
of 7.6% per cycle when tested in the A seasons (in- 
direct response), but  only 2.5~/o per cycle in the B 
seasons (direct response). The observed progress 
in the continuous selection scheme (MVA-AB), Fig. 3, 
was 5;-3% per cycle in the A seasons and t . t}o  per 
cycle in the B season tests. 
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Fig. 2. Linear regressions of relative yield on cycles of selec- 
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Turipana, Colombia 
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in MVA-AB subpopuIation in tes ts  in varying seasons a t  
Turipana, Colombia 

The gains per cycle based on both seasons (a total  
of six) were 4.9% for MVA-A, 4.7% for MVA-B, and 
2.9% for MVA-AB. Total gains as estimated from 
the above rates were 3 (4.9%) = t4 .7% for MVA-A, 
3(4.7%) = 14.1% for MVA-B, and 6(2.9%) = 17.4% 
for MVA-AB. 

From a combined analysis of variance, the MVA-A 
cycles by A season interaction showed significance 
(P = .01) whereas the MVA-A cycles by B season 
interaction showed no significance. Also the MVA-B 
by A season interaction was significant (P = .05) 
while no significance was shown by the MVA-B by B 
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season interaction. The interaction of MVA-AB 
subpopulation was non-significant in either season. 

Prolificacy 

The results of seasonal mass selection on prolificacy 
are summarized in Table 2. The MVA-A subpopula- 
tion showed an increase of 8.8% per cycle when tested 
in the A seasons but only ~.0% in the B season tests. 
The MVA-B subpopulation showed a substantial 
increase per cycle of ~ t.4% when tested in the A and 
4.4% when tested in the 13 seasons. In the MVA-AB 
selections a gain of 7.0% and 3.3% per cycle were 
obtained when tested in A and 13 seasons, respectively. 
Based on the overall means, the gain per cycle in 
ears per plant was larger in the MVA-13 selections 
(7.4%) than in the other two selected sub-populations 
(4.3% for MVA-A and 4.9% for MVA-AB). Total 
gains after three cycles in MVA-A and MVA-B, and 
six cycles in MVA-AB were 12.9%, 22.2%, and 
29.4% over the original MVA population, respec- 
tively. 

The lVlVA-B selection cycles by A season inter- 
action was significant (P = .01) for prolificacy whereas 
no other interactions were significant for the other 
subpopulations when tested in either season. 

Discuss ion  

The results reported in this paper are in agreement 
with other studies in different populations of maize 
when mass selection either for prolificacy or for 
yield was made within each subpopulation in only 
one selection environment (Gardner ~96~, ~969, 
Harpstead et al. ~967, Lonnquist  1964, ~967, Lonn- 
quist et al. ~966, Torregroza and Harpstead a967). 
Although genetic variance studies have not been 
performed in the MVA population and its sub- 
populations,  the data suggest that,  because of the 
upward linear trend in both traits, the seasonal mass 
selection practiced had successfully increased the 
frequency of favorable genes. 

In a two-season per year breeding program, such 
as the one in Colombia, the results obtained in this 
study are of importance. It appears that more gain 
per cycle is achieved by selecting for grain yield in 
either the A or in the B seasons under similar en- 
vironmental  conditions, than when selecting in both 
seasons continuously.  It is not clear why  the indirect 
response (in the A seasons) was larger than the direct 
response for the MVA-B selections, or w h y  more gain 
was observed for MVA-13 than for MVA-AB selec- 
t ions when tested in the A seasons. Since the con- 
fidence intervals overlap, the authors have chosen to 
simply ignore these particular issues for the moment.  
However,  if the trends continue, explanations will 
have to be developed in the future. 

It would appear from these results that almost as 
much gain per year in grain yield could be achieved 
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by  selection in the ind iv idua l  seasons (A or B) as 
one would achieve by  con t inuous  selection (AB). 
F rom a shor t  t e rm po in t  of view one migh t  sti l l  
choose the con t inuous  selection approach on the 
grounds  t ha t  the add i t iona l  gains per  year  were 
wor th  wha tever  add i t iona l  costs would be involved.  
F r o m  a long t e rm  po in t  of view, the  authors  feel 
t ha t  there is a subs t an t i a l  p robab i l i ty  t h a t  higher 
selection l imits  could be reached in the more restric- 
t ive selection env i ronmen t s  (either A or B ins tead  
of AB). 

I t  appears  t ha t  selection for prolif icacy is more 
successful when  performed unde r  weather  stress 
(MVA-B subpopula t ion) .  At  Nebraska,  much  of the  
increase in prolif icacy wi th  mass selection for yield 
has no t  been expressed when the popu la t ions  were 
grown unde r  drought  stress (Gardner  t969). Da ta  
from the present  repor t  suggest t ha t  selection for 
prolificacy unde r  severe condi t ions  m a y  result  in  
increases unde r  "good"  condi t ions  as well, while 
selection for prolif icacy unde r  "good"  condi t ions  
m a y  not  car ry  th rough  when the  ma te r i a l  is placed 
unde r  drought  stress. 
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