|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

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.

Give to AgEcon Search

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 Vol. XX
FOOD CROPS

SOCIETY

Sociedad Caribeiia de Cultivos Alimenticios

Association Caraibe des Plantes Alimentaires

PROCEEDINGS

OF THE 20th ANNUAL MEETING — ST. CROIX, U.S. VIRGIN ISLANDS — OCTOBER 21-26, 1984

SYSTEMS

IN THE CARIBEBEAN

Published by
THE EASTERN CARIBBEAN CENTER, COLLEGE OF THE VIRGIN ISLANDS az4 THE CARIBBEAN FOOD CROPS SOCIETY



Adaptation of CIMMYT’s High Protein
Quality Corn Vatieties to Puerto Rico

C. Cardona

L. Wessel-Beaver

P. K. Hepperly

College of Agricultural Sciences
Mayaguez, Puerto Rico

Six modified endosperm opague-2 corn varieties from
CIMMYT were evaluated at Lajas and Isabela, Puerto Rico in
1983. Two Puerro Rican varieires, Mayorbela and Diente de
Caballo, were used as checks. Opaque-2 (02) corn normally
has soft endospocrms, while modified varieties approach the
appearance of normal cotn. The subplors of each variety were a
check, benomyl trearment. and Fusarium: moniliforme silk in-
oculation. Trairs measured incuded incidence of seedborne
fungi, planr and ear heighrs, visual ear infection, ear lengths
and diameter, yield and 500 kernel weight, and modification.
Yields and modification of the CIMMYT varieries were similar

fo that of rhe traditional (non 02) varieties. F. mondiforme
was found to be the mosr imporrant scedborne fungus. The

inoculation rechnique was found to increase incidence of F.
monoliformme and should be useful for evaluating large
numbers of families in 2 selection program. Improvement of
yield and adaptabiliry of CIMMY'T's materials is needed for
viable commercial production of these varieties. On the basis
of rhis evaluation, S! recurrenr selecrion has begun in rwo
modified 02 varieties,

Keywords: Zes mayr L., maize, opague-2, modified
opaque-2, Fusarium monoliforme.

Since the discovery of opaque-2 (02) endosperm mutanc by
Mertz et al. (1964), many directions of research have been wied in
otder to efficiencly urilize the gene’s abiliry to increase lysine and
teyptophan levels, thus improving corn protein quality. Early on,
seme researchers were discouraged by undesirable characteristics
such as lower grain yield, poor consumer acceprance, and suscep-
tibility to machine harvesc damage, insects and ear rots (Diaz,
1972; Gulya ec al., 1979; Lambert ec al., 1969; Pinstrup-
Andetson, 1971; and Warten, 1978). Since the 1970's much work
has been directed rowards rhe use of genetic modifiers chat improve
the endosperm texcure of 02 corn, giving ir a mote normal ap-
pearance and hardness. CIMMYT {Cencro Internacional de Mejora-
mienro de Maiz y Trigo) has used this approach to develop ifs
“quality prorein maize” (QPM) populations (Vasal ec al., 1980).

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

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

1. Determine rhe suscepribiliry of modified 02 and rradi-
tional varieties to ear infection by Fusarium moniliforme,
comparing narural and ar:ificial inocularion;

2. Select che best modified 02 varieties for use in a S1 family
recurrent sclection program; and

3. Determine which agronornic characteristics should be in-
cluded in a selecrion program.

MATERIALS AND METHODS

Six modified (hard and vitrecus) endosperm 02 corn varieties
from CIMMYT, and ewo Puerro 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 rype, while Mayorbela is eaclier
and shorter with a flint kernel rype. A splic plor design, with
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eight varieties arranged in a randomized complete block design
and three subtreatments, was used. The subplots were:

1. A check not sprayed or inoculated;

2. A rrearmenr with the fungicide Benomyl, but

uninoculated; and

3. Arificial inoculation with Fusarium monidiforme.

The whole plots were randemized except for the normal varieties
which were either placed downwind from o2 varieties and/or
were surrounded by an 02 bulk to minimize normal contamina-
tion of the 02 varieries.

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 hectate). Fertilizer was preplanr incor-
porared at a rate of 56 kg ha™ of 15-5-10 with 175 kg ha™ of
nitrogen sidedressed at five weeks after planting in the form of
urea. Furadan (1.7 kg ha™ of actual ingredient) was preplant in-
corporared and insecticides (Lannate and Sevin) applied weekly
or biweekly as needed. Trials were irrigated as needed. Lasso and
Round-up were used for weed control. The center two rows (ex-
cluding end plants) in each subplot were hand harvested.

Ar Lajas, rthe fungicide Benomyl was sprayed on the ears and
silks when the fitst varieties began to flower and ten days later. At
Isabela one application of Benomyl was used at ten days after first
floweting (when all varieries were flowering). Inocularion of F
moniliforme was catried 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 covered with a pollination shoot bag. In Lajas a total of 20
plants in rwo rows were inoculated ar 10 and 20 days after firsc
flowering (the average of the rwo dates is used in this report). In
Isabela only one incculation 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 with technique
modified to a 0 to 5, opaque to normal, scale), percenr germina-
tion and seedborne fungi.

Data were subjected to analyses of variance separately and over
locarions. 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 for most
traits except for 500 ketnel weight and modification (not shown)
{Table 1). Isabela was the more productive environment.

Very few differences among varietics were found (Tables 2 and
3). Number of moldy kernels varied significantly among varietics
with White H.E. 02 being most susceptible ro infection and local
variety Diente de Caballo the least susceptible. Although the
Puerto Rican varieties were less ear ror susceptible and taller than
modified 02 varieties, in general the modified varieties per-
fotmed well. Petcent and degree of modification did not vary
among varictics, with all varicties showing excellent levels of
cdosperm modification { Table 3). It appears that the 02 modifiers

arc relatively stable over different envitonments. Qur tesules show -

Table 1: Location means of agropomi¢ traits averaged over seven corn

that those varieties with a high percent modification also have in-
dividual kcrnels with a high degree of modification. Ir will not be
necessary 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 (7. e., genotype by environment) interac-
tions were found for any trait (not shown). This means that
varieties responded similarly ac 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 thesc traits and varieties. However, lack of a variety
by location interaction may be due in part wo lack of sufficient
precision in derermining possible differences between varieties.

Table 3¢ Percent and degree of endosperm modification 1n twn normal and
varicties planted inm March (Lajas} and May {Isabelal, 198], six modified o2 rorp varieties averaged over two locations -
location R
Trait Lajas Isabela i S _Lskb _ Variety Percent ModiEicalivn Degree of Modificataon?

Earworm (percent of - . 2 66,7 3.7

ear damaged)’ 6.3 a1 3.2 595 Diente de Caballe'

Mayorbela we 5.0

No, of moldy kernels

per ear! 1.4 8.3 6.1 1.12 White il,F. 02 95.8 .1

Plant height (cm} 150 189 170 6.54 Amarillo Dentade 99.5 3.9

Ear height (am} &7 83 74 3408 Tuxpedo-1 OFH 94,1 4.0

Ear length fem)? 12.6 14.1 1.1 .54 Pool 22 99.4 4

Ear diameter {cm' 4.2 5.1 4.6 9.55 Amarillo Deatado QPM 98.4 4.0

bays to 50% anthesis 61 55 57.6 1.00 Amarillo Cristalino 300 4.2

¥ie1d thq ha” 2 2054 8RR 3472 a2j.6 Mean 98.7 4

500 kernel weight ig)'  122.% 132,9 126.9 4.65 {a.s.

1 s

Averaged over all subplot freatments. lyalues are means over two locatinas (Lajas and Isabela) and three subplot

ts.
2lun:r.as;ﬂd over check and benomyl treated subplots. treatments
< . 2He.-.m over three treatments at Lajas only.
n.s, = No sagnfacant diEferencss amang locations according to Felest.
El -
Ratings Erom 0 to 5 (opaque ta normal).
(SD = Least significant diffevence at & = 0,05, ating {opaq

Table 2: Means of various agronomic traits over two locations for six modified o2 and two normal corn
varieties .«
500
Moldy Insect Days to Plant Ear Ear Ear Grain kernel
kernels damage 50% height height length diameter vield weight
Variety (no.) (%) anthesis (cm) (cm) {em) {cm) (kg/ha) (g]
Diente de caballo® 2.4 6.1 64 194 100 13,3 4.6 3030 172.3
Mayorbela 4.6 3.5 56 182 91 14,4 3.9 3963 137.6
White HE-02 10.5 3.5 59 177 79 14,3 5.3 3652 124.,9
Amarillo Dentade 5.2 2.9 58 173 76 13,4 4.9 3583 125.7
Tuxpefio-1 QPM 6.9 3.0 58 158 64 13.2 4.6 3372 130.6
Pool~-23-QPM 4.8 2.5 58 165 71 12.9 4.8 3139 122.6
Amarille Dentado QPM 3.5 2.8 58 165 70 12.4 4.7 3378 125,3
Amarillo Cristalino QPM 7.0 4.1 57 168 n 12.8 4,3 3215 121.7
; 6.1 3.2 58 170 5 13.3 4.6 3472 126.9
1SD 1.8 2.1 1.9 12.2 4.5 .98 1.0 800.,0 8.7
(n.s.) (n.s.) in.s.) (n.s.)

1Values are means from Lajas and Isabela, Puerto Rico with the exception of Diente de Caballo., Averaged

over subplots as indicated in Table 1.

Mean from Lajas only. These menas are not included in the overall mean.

n.s. = No significant differences among varieties according to F-test.

LSD = Least significant difference at (X = 0.05.

72

PRAOCEEDINGS of the CARIBBEAN FOOD CROPS SQCIETY—VOL XX



Attificial inoculation with F. moné/iforme was successful in in-
creasing number of moldy kernels and incidence of seedbotne F.
mondliforme compared to the check (natral 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 nor seedborne F. mondiforme com-
pared to the check, nor did it significandy increase grain yield
(Tablc 4).

Table 5 shows that F. monssforme was the most important
seedborne fungus both in Isabela and Lajas. Incidence of most
scedborne 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, carworm damage, car diameter, and

grain yield (Table 6). Earwotm damage was virtually nonexistent
fot all subplot treatments in Isabela, while there were significant
differences among trecatments at Lajas. In the combined analysis
(Tablc 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 intcraction. 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 02 varieties,
Amarillo Cristalino QPM and Tuxpefio-1 QPM, have been
chosen ro undergo S1 family recurtent selection. Grain yield, ear-
ly matutity and plant height will be used in 2an independent cull-
ing levels sclection scheme. Poorly modified families will be
eliminated.

Table 4: Means of subplot treatments averaged over seven corn varieties planted at two locations in
March (Lajas) and May (Isabela), 1983,
Check
(without fungicide) Benomyl treated lnoculated -
Trait without inoculation) (without inoculation) (without Benomyl) X LSD
No. of moldy kernels 5.0 4.4 8.8 6.1 2,04
Earworm (% of ear
damaged) 3.0 4.4 2.1 3.2 1.06
Ear length {cm) 13,3 13.4 N/A 13.3 .35 (n.s.)
Ear diameter (cm) 5.0 4.3 N/A 4.6 Q.65
Grain yield (kg ha ) 3487 3533 N/A 3510 272.9 {n.s.)
Fusarium moniliforme
(number of colonies
per 50 seed) 35.7 35.4 51,1 40,7 6,01
1 . 1k e e . <
Only traits exhibiting significant differences among treatments are included, except for grain
yield.
LSD = Least significant difference at = 0.05.
N/A = Treatment not included.
Table 5: Location means for scedborne fungi and percent germinatlon averaqged
over all varieties',
Lajas Izabela X LSD .
Fusarium moniliforme 58.6 2.8 40,7 5,27
Penicillium spp. Table 6: Location means For trails showing sappificant subplot Ereatment by
(graen cypel 22,5 18,8 20,6 7.6 (n.s8.) location interaction,
Penicillium spp.
{yellow type) 8.8 6.0 7.4 3,06 {n.s.)
. No, of Ear Grain
spergil Spp, .
Aspergillus spp 1ma 6.4 8.8 2.94 Earworn mo 1dy diameter yield
Trichoderma sgp. 7.6 3.0 5.1 5.6 (n.s.) Treatment Locacion Lamage (%) kernels (em) (kg ha~ly
Borryodiplodia
theobr: 0. .
theobromae 9 2.0 1.4 0.79 ‘Cheek Lajas 5.7 3.5 4.2 147
Toral 121.4 37.5 110.4 33.4 (n.s.} Isabela 0.1 6.9 4.l e
< " . Benomyl Lajas 9.1 2.8 2 0
% Germination &8.2 FER ¥ a] ‘ 4. Joyz
i 33.9 al-) 4.5 1sabela 0.1 6.0 5.1 1971
"rable 1ncludes only those funqi Found at both locations, Means are Inoculation  Lajas 4.0 .6 4.2 N/a
average number of colonies per S0 seeds, over three subkreatments., Lzabela 0.1 12.6 5.8 N/A
Zl"en:ent germination 1n laboratory,
LSD = Least significant difference atv (X = D.0S.
) N/A = Not applicable
f.$. = No significant differences among lecations,
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