
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


CARIBBEAN 
FOOD CROPS 

SOCIETY 

Vol. XX 

Sociedad Caribefia de Cultivos Alimenticios 
Association Caraibe des Plantes Alimentaires 

P R O C E E D I N G S
OF THE 20th ANNUAL MEETING - ST. CROIX, U.S. VIRGIN ISLANDS - OCTOBER 21-26, 1984 

^ M A I t 

F A R M 

IN THE CARIBBEAN! 

Published by 

THE EASTERN CARIBBEAN CENTER, COLLEGE OF THE VIRGIN ISLANDS and THE CARIBBEAN FOOD CROPS SOCIETY 



Adaptation of CIMMYT's High Protein 
Quality Corn Varieties to Puerto Rico 

C . C a r d o n a 1 . W e s s e l - B e a v e r P . K . H e p p e r l y 
College of Agricultural Sciences 

Mayaguez, Puerto Rico 

Six modified endosperm opaque-2 corn varieties from 
CIMMYT were evaluated at Lajas and Isabela, Puerto Rico in 
1983. Two Puerto Rican varieites, Mayorbela and Diente de 
Caballo, were used as checks. Opaque-2 (o2) corn normally 
has soft endospoerms, while modified varieties approach the 
appearance of normal corn. The subplors of each variety were a 
check, benomyl ttearment. and Fusarium moniliforme silk in-
oculation. Traits measured included incidence of seedborne 
fungi, planr and ear heights, visual ear infection, ear lengths 
and diameter, yield and 5CI0 kernel weight, and modification. 
Yields and modification of the CIMMYT varieties were similar 

Since the discovery of opaque-2 (o2) endosperm mutant by 
Mertz et al. (1964), many directions of research have been tried in 
otder to efficiently utilize the gene's ability to increase lysine and 
tryptophan levels, thus improving corn protein quality. Early on, 
some researchers were discouraged by undesirable characteristics 
such as lower grain yield, poor consumer acceptance, and suscep-
tibility to machine harvest damage, insects and ear tots (Diaz, 
1972; Gulya et al., 1979; Lambert et al., 1969; Pinstrup-
Andetson, 1971; and Warren, 1978). Since the 1970's much work 
has been directed towards rhe use of genetic modifiers that improve 
the endosperm texture of o2 corn, giving it a more normal ap-
pearance and hardness. CIMMYT (Centro Internacional de Mejora-
miento de Maiz y Trigo) has used this approach to develop irs 
"quality protein maize" (QPM) populations (Vasal et al., 1980). 

Although once a widely grown crop, very little corn is presenrly 
grown in Puerto Rico. Nevertheless, large quanriries of corn are 
imported as feed for the livestock, pork, and poulrry industries 
(Puerro Rico Department of Agriculture, 1979-80). Furthermore, 
as fewer acres are planred ro sugarcane, alternate crops and rota-
tions of crops must be considered. Local production of corn 
varieties with improved prorein quality could reduce rhe amount 
of cotn and protein supplements thar are presently imported for 
monogastric animals such as swine and poultry. 

The primary objective of this research was to compare the 
adaptation of six modified endosperm o2 corn varieties ro rwo 
traditional varieties in Puerto Rico. Other objectives were ro: 

1. Determine the susceptibility of modified o2 and tradi-
tional varieties to ear infection by Fusarium moniliforme, 
comparing narurai and artificial inoculation; 

2. Select the best modified o2 varieties for use in a Si family 
recurrent selection program; and 

3. Determine which agronomic characteristics should be in-
cluded in a selection program. 

MATERIALS AND METHODS 
Six modified (hard and vitreous) endosperm o2 corn varieties 

from CIMMYT, and two Puerto Rican varieties (Mayorbela and 
Diente de Caballo) were evaluated in trials planted in March and 
May 1983, in Lajas and Isabela, Puerto Rico, respectively. Diente 
de Caballo is a tall, lare, floury type, while Mayorbela is earlier 
and shorter with a flint kernel type. A split plot design, with 

to that of the traditional (non o2) varieties. F. moniliforme 
was found to be rhe most important seedborne fungus. The 
inoculation technique was found to increase incidence of F. 
monoliforme and should be useful for evaluating large 
numbers of families in a selection program. Improvement of 
yield and adaptability of CIMMYT's materials is needed fot 
viable commercial production of these varieties. On the basis 
of rhis evaluation, SI recurrent selecrion has begun in rwo 
modified o2 varieties. 
Keywords: Zea mays L., maize, opaque-2, modified 
opaque-2, Fusarium monoliforme. 

eight varieties arranged in a randomized complete block design 
and three subtreatments, was used- The subplots wete: 

1. A check not sprayed or inoculated; 
2. A trearmenr with the fungicide Benomyl, but 

uninoculated; and 
3. Artificial inoculation with Fusarium moniliforme. 

The whole plots were randomized except for the normal varieties 
which were either placed downwind from o2 varieties and/or 
were surrounded by an o2 bulk to minimize normal contamina-
tion of the o2 varieties. 

The twelve row whole plots were divided into four rows per 
subplot. Row length was 5.1 m with plants spaced 26 cm apart 
(about 43,200 plants per hectare). Fertilizer was preplant incor-
porated at a rate of 56 kg ha"' of 15-5-10 with 175 kg ha"1 of 
nitrogen sidedressed at five weeks after planting in the form of 
urea. Furadan (1.7 kg ha"1 of actual ingredient) was preplant in-
corporated and insecticides (Lannate and Sevin) applied weekly 
or biweekly as needed. Trials were irrigated as needed. Lasso and 
Round-up wete used fot weed control. The center two rows (ex-
cluding end plants) in each subplot were hand harvested. 

Ar Lajas, the fungicide Benomyl was sprayed on the ears and 
silks when the first varieties began to flower and ten days later. At 
Isabela one application of Benomyl was used at ten days after first 
flowering (when all varieries were flowering). Inocularion of F. 
moniliforme was carried out by a modification of a rechnique us-
ed by Warren (1978). A suspension of spores was brushed onto 
silks cut with a scissors ro a length of about 2.5 cm. The silks were 
then coveted with a pollination shoot bag. In Lajas a total of 20 
plants in rwo rows wete inoculated at 10 and 20 days after first 
flowering (rhe average of the rwo dates is used in this report). In 
Isabela only one inoculation was made. 

Trairs measured were days to 50% anthesis, plant and ear 
height, ear length and diameter, number of moldy kernels, per-
cent of ear area damaged by insects (primarily ear worm), grain 
yield, 500 kernel weight, percent endosperm modification, 
degree of endosperm modification (reference 10 wirh technique 
modified to a 0 to 5, opaque to normal, scale), percenr germina-
tion and seedborne fungi. 

Data wete subjected to analyses of variance separately and over 
locations. Treatment means were compared using a prorecred 
LSD (F-LSD) (Carmer and Swanson, 1971). 
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RESULTS AND DISCUSSION 
Significant differences due to location were found fot most 

ttaits except fot 500 ketnel weight and modification (not shown) 
(Table 1). Isabela was the more productive environment. 

Very few differences among varieties were found (Tables 2 and 
3). Number of moldy kernels varied significantly among varieties 
with White H.E. o2 being most susceptible to infection and local 
variety Diente de Caballo the least susceptible. Although the 
Puerto Rican varieties were less ear ror susceptible and taller than 
modified o2 varieties, in general the modified varieties per-
formed well. Petcent and degree of modification did not vary 
among varieties, with all varieties showing excellent levels of 
cdosperm modification (Table 3). It appears that the o2 modifiers 
arc relatively stable over different environments. Our results show 

that those varieties with a high percent modification also have in-
dividual kernels with a high degree of modification. Ir will not be 
ncccssaiy to select directly for endosperm modification in a selec-
tion program aimed at improving adaptation of rhese materials in 
Puerto Rico. Very poorly modified families should nevertheless 
be eliminated in a selection program. 

No variety by location (i.e., genotype by environment) interac-
tions were found for any trait (not shown). This means rhat 
varieties responded similarly at both locations for all traits 
although location means were often different. This would nor-
mally suggest that testing at one location would be sufficient 
when testing these traits and varieties. However, lack of a variety 
by location interaction may be due in part to lack of sufficient 
precision in determining possible differences between varieties. 

T a b l e l i  l oca t i o n m e a n s  o f  aqionofii c t r a i t s  a v e r a g e d ove r  s eve n cor n 
v a r i e t i e s  p l a n t e d LIT Marc h ILajas J an d Ha y ( I s a b e l a ) ,  1 J , 

Tab l e 3 .  Percen t  an d d e g r e e o f  e n d o s p e r m mod i f ica t io n i n tu n norma l  an d 
s i x m o d i f i e d ror n v a r i e t i e s  average d o v e r  tw o loca t ion s  -

loca t  io n 

T r a i t La 3  a s i sabe l a X LSI ) Var ie t y 

E a i w o i n (percen t  o f 
e a r  d a m a q e d ) 1 6 . 3 0 . 1 -1. 2 0 

D'Lenl e d e C a b a l l o ^ 56 . 7 1 . 7 . 

N o,  o f  mold y k e r n e l s 
Mayorbe l a 100 5 . 0 

pe r  ear 1 &.  3 6 .  i 1 12 W h i t e H . E .  0 2 95 . 8 4. 1 

P lan t  h e i g h t  (cm ) 150 189 170 ft 54 Ainarill o D e n t a d o 99 . S J. 9 

E ar  h e i g h t 6 7 B3 7b 09 ruxpeno- l  Q PM 9 0 .  1 4.0 
E ar  l eng t h fcir) 1 12. 6 14. 1 13 . 1 54 Pool  2 3 9 9 .  4 4 .  1 

B ar  d i a m e t e r  <cm>' 4 . 2 5. 1 4*f> o 55 A m a ru l o tientad o Q PH 98. 4 4 . 0 

Days  t o 50 4 a n t h e s i s 61 55 57 . 6 1 0 1 Ajuarill o C r i s t a l i n o to o 4 . 2 

V ( e l d <k q h a ~ l >2 3051 JBBB J4 7 2 4 2 7 .  ( S Mean 96. 7 4 . 2 

5fi n ke rne l  w e i g h t  fg) 1 1 2 2 .  K 132. 9 1 26. 9 4 65 (n.4. 1 

^Average d ove r  al l  s u b p l o t  t r e a t m e n t s . ^Value s  a r e mean* ,  ove r  tw o l oca t i on s  (Laja: .  an d I sabe la )  an d thre e subp lo t 

^ A v e r a q f d ove r  clU'ir k a n d benomyl t r e a t e d s u b p l o t s . 
t r e a t m e n t s . 

n . s ,  = N o s i g n i f i c a n t  <J f feren c atnon q l oca t i on s a o c o r d i n q t o K-t * S t . 
^Mean ove r  thre e t rea tmen t s  a x La]a s  o n l y . 

t.S D = Leas t  s i g n i f i c a n t d iE f ^ r p ne e a t  fl  - -  O . O S . 
^Ra t ing s  fro m 0  t o 5  (opa a ue t o n o r m a l ) . 

Tab l e 2 :  Means  o f  v a r i o u s  agronomi c t ra i t s  ove r  tw o loca t ion s  fo r  s i x mod i f i e d o2 an d tw o norma l  cor n 
v a r i e t i e s  . 

500 
M o l dy In sec t Days  t o P l a n t E ar Ear Ear Gra i n ke rne l 

ke rne l s damage 50% h e i g h t he igh t lengt h d iamete r y i e l d w e i g h t 

Var ie t y (no. ) <%) anthes i s (cm) (cm) (cm) (cm) (kg/ha ) (g ) 

2 
D i e n t e d e caba l l o 2. 4 6. 1 64 194 100 13. 3 4. 6 3030 172. 3 

Mayorbe l a 4. 6 3. 5 56 182 91 14, 4 3. 9 3963 137. 6 

W h i t e HE-o 2 10. 5 3. 5 59 177 79 14. 3 5. 3 3652 124. 9 

A m a r i l l o Den tad o 5. 2 2. 9 58 173 76 13. 4 4. 9 3583 125. 7 

Tuxpeno- 1 Q PM 6. 9 3. 0 58 158 64 13. 2 4. 6 3372 1 30. 6 

Poo l -23-QP M 4. 8 2. 5 58 165 71 12. 9 4 . 8 3139 122. 6 

Amar i l l o Den tad o Q PM 3. 5 2 . 8 58 165 70 12. 4 4. 7 3378 125. 3 

A m a r i l l o Cr is ta l in o Q PM 7. 0 4. 1 57 168 71 12. 8 4. 3 3215 121. 7 

X 6. 1 3. 2 58 170 75 13. 3 4. 6 3472 126. 9 

L SD 1. 8 2. 1 1. 9 12. 2 4 . 5 .9 8 1. 0 800. 0 8. 7 

(n.s. ) (n.s. ) •In.s. ) (n.s. ) 

Va lue s  ar e mean s fro m La ja s  an d I s a b e l a ,  Puer t o R i c o wi t h th e excep t io n o f D ien t e d e C a b a l l o . Average d 
ove r  subplo t s  a s i nd i ca t e d i n T a b l e 1 . 
Mean fro m La ja s  o n l y . T h e s e mena s ar e n o t i nc lude d i n th e o v e r a l l m e a n. 
n . s .  = N o s ign i f i can t  d i f f e rence s among v a r i e t i e s  accord in g t o F - t e s t , 
LSI )  = Leas t  s ign i f i can t d i f f e renc e at  C t  = 0 . 0 5 . 
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Artificial inoculation with F. moniliforme was successful in in-
creasing number of moldy kernels and incidence of seedborne F, 
moniliforme compared to the check (natural inoculation) (Table 
4). Visual infection can perhaps be increased by increasing the 
number of inoculations, thus making this technique even more 
useful for selection purposes. The fungicide Benomyl was not ef-
fective in reducing visual not seedborne F. moniliforme com-
pared to the check, not did it significantly inctease grain yield 
(Table 4). 

Table 5 shows that F. moniliforme was the most important 
seedborne fungus both in Isabela and Lajas. Incidence of most 
seedborne fungi was greater in Lajas. Conditions in Isabela were 
very dry in the 1983 growing season. 

Significant subplot treatment by location interactions were 
found for moldy kernels, earworm damage, ear diameter, and 

T a b l e 5 :  Loca t io n m o a n s  fo r  s e e d b o r n e f \mg i  a n d p e r c e n t  g e r m i n a t i o n a v e r a g e d 
o v e r  al l  v a r i e t i e s ' . 

L a j a s I sabe l s X L SD 

F u s a r i u m n o n i l i f o r m e S 8 . 6 .22. 8 4 0 .  ) 5 .2 7 

P e m c i l l i u m s p p . 
(gree n type ) 22.5 ie. 8 20. 6 '. 6 (n.s. ) 

P e n i c i I l i u m s p p , 
(yel lo w type ] a . a 6 . 0 7. 4 .1.0 6 (n .s . ) 

A s p e r g i l l u s  s p p . .1. 1 6. 4 H . 9 2.9 4 

T r i c h o d e rata  s p p . 7 . 6 3 . 0 5, 3 5. 0 (n.s. ) 

B o r r y o d i p l o d i a 
theobroma e 0 . 9 2 . 0 1. 4 0 . 7 9 

Tota l 123. 4 37. 5 1 10. 4 3J. 4 (n.s. ) 

1 G e r m i n a t i o n 2 

€>(? .  2 9 J  . 9 61 . 1 4 . % 

^ T a b l e i nc lude s  o n l y thos e funq i  foun d a t  b o t h l o c a t i o n s .  M e a ns  a r e 
a v e r a g e n u m b e r  o f  co lon i e s  p e r  5 0 s e e d s ,  o v e r  thre e s u b t r e a t m e n t s . 

2 l"ercen t  g e r m i n a t i o n i n l a b o r a t o r y , 

LSD = Leas t  s i g n i f i c a n t  d i f f e r e n c e a t  ^  = 0 . 0 5 . 

n . s .  -  N o s i g n i f i c a n t  d i f f e r e n c e s  a m o n g l o c a t i o n s . 

grain yield (Table 6). Earworm damage was virtually nonexistent 
for all subplot treatments in Isabela, while there wete significant 
differences among treatments at Lajas. In the combined analysis 
(Table 4) no differences among subtrcatments were found. The 
artificial inoculation technique was much more effective in 
Isabela even though only one application was used, thus causing 
a significant interaction. Grain yields were not different among 
treatments at Lajas but varied sharply in Isabela. The reason for 
this interaction of treatment and location is nor understood. 

Based on the results of these trials two modified o2 varieties, 
Amarillo Cristalino QPM and Tuxpeno-1 QPM, have been 
chosen ro undergo Si family recurrent selection. Grain yield, ear-
ly maturity and plant height will be used in an independent cull-
ing levels selection scheme. Poorly modified families will be 
eliminated. 

T a b l e (> :  Loca t io n m e a n s  fo r  t ra i l s  Knowin g s i g n i f i c a n t  s u b p l o t  t rea tmen t  b y 
loea t io n i n t e r a c t i o n . 

N o.  o f Ear G r a i n 
E a r w o rm moldy di  ame t  e r y ie l d 

T r e a t m e n t  Loca t io n D a m a ge (? ) fcerueIs (cm) ( k S h a " 1 ) 

'Chec k La i  a s 5 .  7 3 . 5 3147 
I sabe l a 0 . 1 6 . 9 

B e n o m yl  La ja s 9 . 1 2. 6 <i. 2 JO1)7 
Isabe l a 0 . 1 6 . 0 5. 1 j r i 

I nocu la i i o n L a j a s 4 . 0 4 . 6 4 . 2 N / A 
I sabe l a 0. 1 12. 6 5. 8 N / A 

N/ A = Hoi  App l i cab l e 

Tab l e 4 :  M e a ns  o f  subp lo t  t r e a t m e n t s  average d o v e r  seve n cor n var ie t i e s  p l a n t e d a t  tw o loca t ion s  i n 
March (Lajas )  an d May ( i sabe la ) ,  19S3 . 

Tra i t 

Check 
(withou t  fung ic ide ) 

w i t h o u t  inocu la t ion ) 
Benomyl  t r ea te d 

(withou t  inocu la t ion ) 
Inocula te d 

(withou t  Benomyl ) X LSD 

N o.  o f  mo ld y k e r n e l s 5 . 0 4. 4 8 . 8 6. 1 2.0 4 

E a r w o rm { % o f  ea r 
damaged) 3. 0 4. 4 2 ,  1 3. 2 1.0 6 

Bar  lengt h (cm ) 13. 3 13. 4 N / A 13.  3 .3 5 (n.s. ) 

E ar  d iame te r  (cm ) 5. 0 4. 3 N / A 4. 6 0 .6 5 

Grai n y i e l d (k g h a 3497 3533 N / A 3510 272 . 9 (n.s. ) 

F u s a r i u m m o n i l i f o r m e 
(number  o f  co lon ie s 
p e r  5 0 seed ) 35. 7 35. 4 51. 1 40. 7 6.0 1 

1 
Only t ra i t s  exh ib i t i n g s i g n i f i c a n t  d i f f e rence s  amon g t r e a t m e n t s  ar e 
y i e l d . 

i n c l u d e d ,  e x c e p t  fo r gra i n 

L SD = Leas t  s i gn i f i can t  d i f f e r enc e a t  = 0 . 0 5 . 

N / A = T r e a t m e n t  no t i n c l u d e d . 
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