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ABSTRACT - Tesrcross evaluarion is used to determine the 
relative potential of corn (Zea mays L.) lines in a hyhrid 
hreeding program. Choice o f rester is important fo r effi
cient selection :IITIong lines for their potential in hybrids. 
Testcrosses among 21 lines and seven testers were evalUat
ed at seven environments in Guatemala. The experimental 
des ign was a randomized complete block with a split-plot 
arrangement. where lines were assigned to whole plots 
and testel.'> to subplots. The objectives of the study w ere to 

ohtain informatio n for choice o f testers and to identify the 
more convenient tester to use in early testing for a hyhrid 
program in which three-way and double-cross hybrids ,He 
commonly used . Data for yield and agronomic traits were 
recorded. but the combined analysis for yield (r/ ha) was 
the main trait of interest. Differences among lines and 
:lmong testers across environments w ere highly significant 
(I' :s; 0.01). Highly significant differences t()r the testers x 
lines interaction indicateci that the testers ranked the lines 
differently. Coefficient of concordance (\1(1) and Pearson 
correlations (I') suggested that the ranking of lines across 
testers was relatively consistent. Testcrosses with a single 
cross had the greatest average yield (6.48 t/ ha) . Based on 
the v:niance among testcrosses. estimates of general C0111

hining ability. correlatio n with the other testers, and ac
cept:lble performance itself, the single cross tester was sug
gested as the tester for the hybrid breeding program in 
Guatemala. Lines with good general combining ability for 
different hybrid combinations were identified. Three-way 
testcrosses superior to the hest check (lCTA HB-85) w ere 
icientified for further eva luat ion as potential new hybrids 
for release. Significant correlations between yield and dis
eases (Southern corn rust caused hy Puccinia po~ysorct 
L:nclerw. and Northern corn lelf hlight caused by Exserohi
/11111 lurcicul1I Pass. = Helmintbo.,poriul1l t"rcicllm Pa ss.) 

1 Thi~ is , I conlrihution of til e Department of A~ronomy and 

.Jollrn,ll Paper no. J-17798 of the Iowa AgricultuJ'<:" and Home Eco
nomics Experiment St:llion . Ames. lA, Projeu 349,). Part of a dis
s('I"ution submitted loy J. S. Clsrellanos in parti:ll fulfillment of the 

requirements for the Ph.D. degree. 
" For correspondence (f:ix ... 1 515-294-3163; E-m:lil: h,dlauer@

ias[;]te.edu J. 

reBected the importance of emphasizing se lection fo r dis
ease resistance during line development. 

KEY WORDS: Zea mays L ; IVlaize; Testers; Testcrosses; 
Combining ability: Disease resistance. 

INTRODUCTION 

Corn (Zea mays L.) hybrid development has been 
an important factor in meeting the increasing world 
demand of thi s cereal during the past 30 years. Al
though there are countries in which corn hybrids are 
not the main cultivars used , national and private 
breeding programs are providing resources for hy
brid development as an alternative to increase corn 
production either for domestic consumption or for 
trading in the wodel market. 

Different studies have provided definitions of ei
ther the best or the more convenient tester (MATZING
m. 1953; RAWLINGS and THOtvIPSON, 1962; ALLISON and 
CUJ{NOW, 1966; HALLAUER, 1975; HALLAUEt{ et at., 1988). 
MATZINGEIl (1953) defined a convenient tester as one 
that combines simplicity in use with the maximum 
information on the performance among the lines 
when they are tested in other combinations or in oth
er environments. RUSSELL 096]) concluded that the 
expression of greater genetic differences among test
crosses is one of the main features of an ideal tester 
parent. StvllTH (986) concluded that, if a tester with 
low frequency (or absence) of favorable alleles is 
used in the testcrosses, those lines with greater fre
quency of favorable alleles can be identified. HAL
LAUEIl (1975) and G ENTEH(963) emphasized that elite 
lines in hybrid combinations should be obtained 
from simultaneous selection for disease and insect 
resistance and for agronomiC traits. HALLAUER and Mr
IlANDA (988) summarized that either a homozygous 
recessive line or a population with low allele fre
quency for important traits under selection would be 
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TABLE 1 - Pedigree and level of inbreeding of 21 com lines crossed to seven testers for evaluation in Guatemala. 

Pedigree of lines and leve l of inbreeding 
Line 1 Pop. 32 (S,)-]408 Line 7 Pop. .32 (S;)-1414 Line 13 Pop. 29 (S5)-1420 Line 19 Achap. (S,,)-1426 
Line 2 Pool 23 (S,)-1409 Line 8 Pop. 32 (S3)-1415 Line 14 Pop. 29 (S,;)-1421 Line 20 Achap. (53)-]427 

Line 3 Pool 23 (S2)-141O Line 9 Pop. 21 (S3)-1416 Line 15 Pop. 22 (S,,)-I422 Line 21 Pop. 22 (50)-1428 
Line 4 Pop. 21 (S2)-1411 Line 10 Pop. 22 (55)-1417 Line 16 Pop. 29 (S,,)-142.3 
Line 5 Pop. 21 (5,)-]412 Line 11 Pop. 22 (5,)-1418 Line 17 Pop. 29 (5,,)-1424 
Line 6 Pop. 23 (5,)-141 3 Line 12 Pop. 22 (5,,)-1419 Line 18 Achap. (S6)-1425 

Pedigree of testers 
Tester 1 G13-39 x GB-.37 Tester 3 43-46 x GB-12 Tester') 4.3-68 x GB-1.3 Tester 7 ~ G13-.39 
Tester 2 GB-39 x GB-1.3 Tester 4 4.3-46 x 43-68 Tester 6 Syn. ICTA B-1 

an effective tester to use in a hybrid breeding pro

gram. The choice of tester, however, usually involves 

several alternatives, such as broad genetic-base vs. 

narrow genetic-base, high allele frequency vs. low 

allele frequ e ncy, general combining ability vs. specif

ic combining ability (SPRAGUE and TATUM, 1942), high 

yield vs. low yield, and several testers vs. one tester. 

The objectives of this study were to obtain infor

mation among testers for evaluating lines in a Guate

mala hybrid breeding program; to determine the rela

tive performance of different testers in ranking a spe

cific set of lines from diffe rent origins; and to identify 

the most convenient tester for evaluating lines for a 

hybrid breeding program in which three-way and 

double-cross hybrids are more commonly used. 

MATERIALS AND METHODS 

Materials 
The germplasm included in this study was from the germplasm 

bank of the Instituto de Ciencia y Tecno logia Agricola (ICTA, Gua
temala), which is the national institutio n for agriculture research in 
Guatemala. Twe nry-one lines w ith different levels of inbreeding 
were crossed to seven testers with tropical adaptation to produce 
147 tcstcrosses fo r evaluation (Table 1). Lines 1 to 17 and line 21 
were developed from different populatio ns and pools from the 
International Maize and Wheat Improveme nt Center (CIMMYT) lo 
cated in Mexico. Lines 18 to 20 were developed from commercial 
materials that had some tolerance to corn stunt (Spiroplasma kUI1

ke/iO (WH'TCOMO el cd) disease. Testers 1 to 5 are single crosses of 
materials with diJJerent levels of inbreeding; tester 6 is a synthetic 
cultivar, and tester 7 is an inbred line. 

The 147 testcrosses (21 lines crossed to each of the seven test
ers) were the basic materia ls for the study . The seven testers them
selves and seven commercial or experimental checks were includ
ed in each trial. The seven checks included ICTA HB-83M, ICTA 
HB-.35, ICTA HB-87, lCTA HB-83i\m, AGROMER HS-3G1 , TACSA 
Exp., and DEKALB Exp. The ch ecks ide ntified as ICTA are hybrids 
from ICTA research, and the other three checks are hybrids from 
private compa nies marketing seed in Guate mala. Each experi
ment. therefore, included 161 e ntries: 147 testcrosses, seven test
ers, and seve n checks. 

The 147 testcrosses were produced in 1989 under irrigation at 
the Cuyuta Experiment Station . To obtain the seed of each of the 
147 te, !Crosses, a pial of each line and each tester was planted. 
During pollination, pollen was collected and mixed from a ll plants 
of a line and applied to at least 15 ems of each of the seven test
ers. A bulk of kernels from all the ea rs of each specific line x tester 
cross was utilized for evaluation. 

Evaluation Trials 
Seven experimellls of 161 entries wcre conducted. Each ex

perimcnt had two replications. The experimental design was a 
randomized complete block design with a split-riot arr,lI1gement. 
The 23 whole plots included one whole plot of seven testcrosses 
for each of the 21 lines, a whole plot that included the seven tes,
ers, and a whole riot that included the seven c hecks. The split 
riots of the 21 lines were the seven testers. 

The main (whole) experimelllal unit was a 14-row plot of test
crosses including each line crossed to the seven testers. For the split 
plots, the experime ntal unit was a two-row plot. Rows were spaced 
75 cm apal1 and hills of two plants were spacecl50 em within 5.5 m
long rows. Three seeds per hill were sown by ha nd rlanting. Plots 
were thinned to two planL~ per hill at a plant height of about 15 Clll 

for a final stand of 22 plants (11 hills) per row. The srlit-plot exreri
mental unit included a maximum of 44 plallls (2 rows) in an area o f 
1>.25 m2 (5.5 m. x 0.75 m. x 2), for a stand of 53,333 pianlS/ ha. Fe'1il
ization, weed control , and cultivation rractices used at each loca
tio n were based on conventional requirements and previous re
search experiences. All plots were hand h'lIvested. 

The evaluation trials were conclucted at five IOGllio ns in Gua
temala during 1989 and 1990. rour experiments were sown during 
the rainy, commercial season (May-October) in 1989 at the San 
Jeronimo, Cuyuta, La M{'quina, and Las Vegas locations. Three ex
perimellls were conducteclunder irrigation conditions during 1990 
at the San Jer6nimo, Cuyuta, and Zacapa locations. The five loca
tions had different climatic conditions, and ditJere nt climatic con
ditions occurred at the same location in different seasons . The 7
year/ location combinations were designated as seven environ
ments, which were located between 63 and 1,000 m altitude: thi s 
range is considered the tropical lowlands of Guatemala. 

Data were recorded for 11 traits for each of the seven environ
menLS: yield (t/ha at 15.0% moisture) , stanel, days from planting to 
50% silk emergence, plant height (cm), ear height (em) , grain 
moisture (%), husk cover (%), root lodging (%), stalk lodgi ng (%), 

prolificacy , anel ea r rot. Some disease dara also were taken at each 
location derending upon the level of disease development for 
each environment. 
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TABLE 2 - Mean squares, means, and C. v. for yield (t/ha) from analysis of van'ance of 147testcrosses hetween 21 lines and seven testers of 
corn evaluated at seven environments in Guatemala. 

Envi ronments" 
So urce of 
variation dJ. 2 3 4 5 6 7 

Replica tions (R) 1 2553" 0.63ns 12.23" 0.02ns 0.59ns 26.19" 2.80ns 
Lines (L) 20 925" 1.06ns 3.45" 8.52" 5.81" 2.54n5 3.40" 
Error (a) 20 1.34 2 36 0.62 129 1.89 1.83 1.82 
Testers (T) 6 15.5" 0.99ns 338" 8. 19" 19.09" 468" 2.05ns 
L xT 120 2.11" 0.90ns 0.21ns 0.86ns 4.50" 1.11" 1.1 3" 
Error (b) 126 059 098 0 19 073 062 0.32 056 
T()[al 293 

Yie ld mean 753 6 03 1.86 5 12 799 6.74 7.35 
Yie ld mean best tester" 8.28 6.21 2. 17 5 74 R.62 7.09 7.56 
Yield mea n best three testc rosses 10.11 7.43 3 39 7.75 11.05 829 891 
Yield mean best two c hecks 898 630 2.51 5.62 9.12 7.54 7.56 
CV. (% ) 10.20 16.40 2360 16.70 990 8.30 10.20 

" ns. ' ... indicate no s ig nificance, a nd significa nce at the 0.05 and 0.01 probability levels. respective ly. 
"Teste r ~ mea n of all the crosses fo r the best tester. 

Statistical Procedures 
Analysis of variance (ANOVA) for yield (t/Jla) was conducted for 

each of the seven environments. a nd a combined ANOVA was per
fomled across the seve n environme nts. For the combined ANOVA, 
only data of the 147 testcrosses (line x teste r) were included because 
only these ent ries lit the requirement o f a split plot ammgement 111e 
14 entries that included the seven testers and the seven checks were 
analyzed separately as a "lI1domized complete block des ign with two 
rep lications, using this information as a reference to make compari
sons with the testcrosses. For the ANOVA of the testcrosses. environ
ments and repl ications were considered as random effects. while 
lines and testers were considered as fixed effects. ANOV A for yield 
(t/h ~l ) was conducted for each teste r across envi ronments because 
o ne of the main criterion for choosing a convenient tester is based on 
the valiance amo ng the testcrosses for each tester. 

The source of variation for testers \Vas partitioned in OI1hogo
nal contrasts to estimate the s ig nificance o(contr<tsts among testers. 
Ra nk correlations fo r yield (tlha) were estimated f0r testers and 
lines with the method proposed by KENDALL and SMITH ( 1939) as cit
eel hy OSHE (1956). They proposed the concept of rank correlation 
for use when we have n individuals that are ranked from 1 to n for 
some specified characterist ics by m o bserve rs. The rank correlation 
by KENDALL and S.\lInl (1939) was proposed as a measure known as 
the coefficie nt of concordance (W). which is defined by W ~ 

12S/ m2(n3-n). where S equals the sum of sqlw res of the deviations 
of the totals of the ranks assigned to each individua l. W varies ti'om 
o to 1, with 0 re present ing no commo n preference, whereas unity 
re presents perfect agreement among m oiJservers. 

Pearson co rre lation coefficients for yield (tlha) we re estimated 
to dete rmine the correlation between testcrosses for each pa ir of 
teste rs and he tween testcrosses for each tester and the mean of 
testcrosses across all teste rs. Yield mea n (t/ h,,) for each testcross 
was obta ined over environments to calculate gene ral combining 
ability estimates for each line and for each leste r. 

Yield of the best 10 testcrosses, based on the combined analy
sis, was compared for ea ch e nvironment as well as their ranking 
in each e nvironment. The objective of the comparisons of yield 

and ra nk mnong e nvironme nts was to determinate variatio n in re
sponse among e nvironments and [ 0 identify potential crosses that 
have stable performance across environments. 

Entry ide ntificatio n used for each experime nt is as fo llows: 
Entries 1 to 147 are tor the testcrosses; Entry 148 is GB-39 x GB-37; 
Entry 149 is GB-39 x GB-13; Entry 150 is 43-46 x GB-1 2; Entry 151 
is 43-46 x 43-69; Entry 152 is 43-68 x 43-68; Entry 153 is Syn. ICTA 
B-1 ; Entry 154 is GB-39; Entry 155 b HB-83; Entry 156 is HB-85; 
Ent ry 157 is HB-87: Entry 158 is HB-83MD; Entry 159 is HS-3G l ; 
Entl)' 160 is TACSA: Entry 16 1 is DEKALB. 

RESULTS AND DISCUSSION 

The mea n yield among environme nts varied from 
1.86 t/ha (environme nt 3) to 7.99 t/ ha (environment 
5), reflecting the large differences in grain yield 
among environments (Table 2) . Environment 3 was 
severely affected by dry conditions, and environment 
5 was under optimum irrigation conditions . Environ
ments 1 and 5 were at the same location, but envi
ronment 1 was under natural rainfa ll; diffe rence in 
yield between enviro nments 1 and 5 was 0.46 t/ ha. 

Tester 5 had the best average testcross yield at envi
ronments 1, 2, 4, and 5, and it was similar to the best test
er at the other three locations. For individual environ
ments, the mean yield of the best three testcrosses was 
Significantly (P ::; 005) greater than the mean yield of the 
best two checks. The source of variation among testers 
was significantly different at five of the seven environ
ments. The first-order interaction (L x 7) mean square 
was less than the mean squares of the main effects of 
lines and testers in all instances. Line x tester interactions 
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TABLE 3 - Mean squares, means, and C. V.joryield (tlba)/rom tbe 
combined analysis ()/ variance 0/ ]47 testcrosses between 2] lines 
and seven testers ()/con1 across seven environments in Guatemala. 

Source of varia tion el.f. Mean squares" 

Environments (E) 6 1298.86" 
Replications/E 7 9.71" 
Lines (L) 20 11.96" 
Lx E 120 3.6S" 
Error a 140 1'59 
Testers (T) 6 26.47" 

Contrast 1. 2. 3, 4. 5 vs. 6. 7 (1 ) O.Olns 

Contrast 6 vs. 7 (1) 4268" 

Contrast 1, 2 "S. 3, 4, 5 (}) 12.20ns 

Contrast I vs. 2 (1) O.OOns 

Contrast 3 vs. 4, '5 0) 100.23" 

Contrast 4 vs. 5 (J) 3.66ns 


T xE 36 374" 
Lx T 120 4.57" 
LxTxE 720 1.04" 
Error (b) 882 057 
Total 2057 

Yield mean 6.09 
Yield mean best tester" (tester 5) 6.48 
Yield best three testcrosscs (line 13 x tester 5) 7.38 

(line 14 x tester 4) 7.32 
(line 4 x tester 5) 7.28 

Yield best two checks (lCTA HB-8,) 635 
(DEKALBl 623 

c.v. (%) 12.40 

" ns. ' .•, indicate no significance. ~nd significance at the 0.05 and 
0.01 probahility levels, respectively. 

"Tester = mean of all the crosses for the hest testc r. 


were not different from zero for environments 2, 3, and 
4. Environme nt 2 was the only environment in which the 
main effects for lines and testers and the line x tester 
interaction were not significantly greater than zero. 

A range of variability among testcrosses, teste rs, and 
lines was expected because the enviro nments ranged 
from 53 to 1,000 m above sea level, but the main infer
ences will be made from the combined analysis across 
the seven environments (Table 3). Differences among 
environme nts, lines, testers, and the interactions of lines 
and teste rs with environments were highly Significant 
(P ::;; 0.01). The mean squares for the interactions of 
lines a nd testers with the environments were small 
compared with the mean squares for the main effects of 
lines and testers. The interactions of lines and testers 
with environments and lines x testers, however, were 
highly significant in all instances. The differences 
among lines and testers were highly significant, indicat
ing that there were differences among lines and testers 
across environments. The lines x testers interaction also 

was highly significant, indicating that the seven teste rs 
either ranked the lines differently or the magnitude 
among lines was different. Orthogonal comparisons 
among testers were highly significant for the compcui
son between tester 6 (a synthe tic cultivar) vs. 7 (an in
bred line) and for the comparison between testers 3 vs. 
4 and 5, which were single crosses. The contrasts 
between the Single-cross testers vs. the synthetic and 
the inbred testers were not significant. 

The mean yield of the 147 testcrosses from the 
combined analysis ac ross e nvironments was 6.09 
tl ha , which was 0.39 tl ha less than the yield of test
crosses for the greatest yielding tester (teste r 5). The 
mean yield C7 .33 t/ ha) of the best three testcrosses 
was 1.24 tl ha grea ter than the mean (6.09 t/ ha) of the 
147 testcrosses and 0.97 tl ha grea ter than the yield of 
the best check , leTA HB-S5. Although the first-order 
interaction mean square for lines x tester was highly 
significa nt, the mean square of the main effect of 
testers was 5.S times greater and the mean square for 
the main effect of lines was 2.6 times greater than the 
line x tes ter mean square. DE RISS1 and HALLAU ER 
(991) also studied different types of testers and in 
all instances, the variance components of lines were 
greater than their respective line x tester inte ractions. 

The relative rankings for yield of the 21 lines by the 
seven testers and the seven testers by the 21 lines were 
used to calculate the rank correlation among testers 
and among lines (KENDALL and SMITH, 1939). Highly sig
nificant coefficients of concordance were obtained for 
the ranking of the 21 lines by the seven testers (0.485) 
and for the ranking the seven testers by the 21 lines 
(0.350). The two estimates of coefficients of concor
dance suggest that the rankings of the lines x testers 
and of the teste rs x lines were re latively consiste nt. 

One of the main objectives of this study was to de
termine the more convenient tester for ranking the set 
of 21 lines. An ANOV A for each tester across the sev
en environments was conducted (Table 4). Most of 
the variation for each of the testers was due to envi
ronmental effects. For each tester, the differences 
among testcrosses were significant as well as the inter
action of the testcrosses x environments. Single-cross 
tester 3 had the lowest average yield (5.69 vha) across 
the 21 lines, but it had the largest variation (0.75) 
among testcrosses. Tester 6 (a synthetic cu ltivar) bad 
the second highest yield (6.35 t/ ha) across lines, but 
tester 6 had the least variation (O.OS) among testcross
es. The variation among testcrosses for tester 7 (0.35), 
which is an inbred, was not as great as was expected. 
MATZINGER (1953) and GETSCI-IMAN and HALLA UEll (1991) 
reported greater variability among testcrosses using an 
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TABLE 4 - Means squares, means. and C v. for yield (1I ha) ji-om Ibe combined anall'sis ()(uariance(or eacb leSler (ifcorn evalua led al seven 

elll'ironnlent."" in C l u llenlCl/a, 

Testers" 
Source of 
, 'ariation (If. 2 .3 4 '; 6 7 

En\'ironments CE) 6 1941 8" 15H.Zo'" 178.2)*'· 21776'''' 201.52" 200.99" 17035" 
Herlications (R)/ E 7 2.70'" 1.34ns 2.24" 2.IW· 1.78'" 1.60' 2.27" 
Lines (Ll 20 4.5W" 336" 12.72'" 6.25" 4.10" 2.17" 6.21" 

Lx E 120 1.05" 1 04' 2.21" 1.45'" 1.11"' I. 12'" 1.33** 
ErRJr 140 0.79 075 0.61 0.74 0.<17 065 0.76 

Tot,d 293 

Yield mean 59H 598 5.<19 632 6.48 635 5.82 
Variation (U" 021 0. 16 0.7':; 054 0.21 0.08 0.35 
Variance (L x E)l 0.43 0. 14 O.HO 0.36 0.22 052 0.28 
C.V. ( 'Yo ) 1490 1450 13.70 1.360 12.60 12.70 15.00 

.1 ns. " •• indicate no significance, and signifi ca nce :lllhc 0.05 anc.l 0.01 probability levels, respectively. 


"Variation fo r lines CL) lJased on the expectec.l mean squares. 


C Estimates of L X E intc),<lction comronent of variance basecl on the exrected \11C'1I1 squares . 


inbred line than using e ither single crosses or double between the seven teste rs were significa nt (correla
crosses as testers. /'Vl ATZIl\'GER (1953) reported that the tions not shown). The correlations between each test
variance for the lines x teste rs interaction decreased as er with the mea n of the seven testers, however, were 
the heterogene ity o f the tester increased. Testcross significant for all teste rs except for tester 3. The non
means for teste rs 4, 5, and 6 were grea ter than the significant corre latio n for tester 3 is the on ly o ne that 
mean for the 147 testcrosses. The difference in varia disagreed with the highly significant coefficient of 
tion among testers suggests that the testers have differ concordance (\XI). K ELLER (949) suggested that use of 
ent genetic factors for discriminating differences two or more testers allows comparisons of the rank
among lines for their relative yields in crosses. ings by the testers as we ll as the variances amo ng the 

Only 5 of the 21 possible Pearson corre lations testcrosses for each tester. 

TAI3LE 5 - .Healls j (JI' yield al1d f or agronomic Imilsfor eacb l eslerji'o m (,lJa lllCilioll of 74 7 leslcross('s bellUc(,1I 21 lines (lnd sellen lesl (,I'5 (J/ 
corll t.lcross sevell I!lI lJirol7nJel7ls in Gualel1lala . ~ 

" 
" 

Traits" 

Tester YIELD ~TAN[) SILK PLTH EARH HUM HUSK RLODG SLODG PROLlf EROT 

r/ ha ---- no . --- --- em - ----- -- ----------- ---- % ---- - -------- - ------ -._----
598 41.4 640 2.31.9 122.4 19.7 ')S 2.7 1.0 92.0 14.2 

2 5.9R 40.H 63 1 23.32 125.9 I ').') 4.5 4.2 1.0 94.6 14.2 

.3 569 39.4 04.3 232 1 122.6 20.0 5 7 2.4 0.4 92.1 13.0 
6.32 4 1.4 64.7 2.33.7 123.7 20.1 4.3 4.5 0.5 95.8 12.4 

') 6.48 42.0 64.0 238. 1 129H 19.5 36 55 O.S 94.9 12.0 

6 6.3':; 4 1.5 634 226. 1 11 7.9 199 31 5 3 0.7 981 11.1 
7 S.R2 405 635 225.R 118.1 199 4.0 2. 3 05 96.3 1') .2 

Average 6.09 409 639 231.6 122.6 19R 44 38 0.7 948 13 2 
LSD (I' = 0 05) 0.79 2.H 1.5 11.2 9.8 1.I 3.9 63 2.7 8.9 83 

,I Tr3its designations are as follows : gr,lin yield (YIELD) in metric tons per hectare: number of plants at h,lrvesting (STAN D), number o f days 

from planting to silk emergence (SILK) : pi;Int (I'LTH) and ea r (EARH ) height; % of g rain hurnidity (HUM) at harvesting: % of plants w ith h,l(1 

husk cover (HlISK), % of plants with root (RLODG) and stem (Sl.ODG) lodging; number o f ears relative (0 number of plants in percentage 
(PROLlF): and % of ears rotted ( EROT) 
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TABLE 6 - Yield mean (t/ha) for each testcross between line and tester and general combining ability estimate/or testers and lines based 011 

evaluation of147 testcrosses ofcom across seven environments ill Guatemala, 

Tester 

Line 2 3 4 


4,65 5,75 596 6,74 

2 5,58 5,68 689 583 

3 5,74 6,14 637 6.56 

4 6.31 6.36 359 6.86 

5 6.21 6.40 597 6.45 

6 633 5,88 598 6.26 

7 5.47 559 5.62 558 

8 6. 14 6.11 6. 13 6.44 


9 554 568 520 5.62 

10 6.43 6.55 6.64 6.69 
11 5.78 6.52 6.00 650 

12 6.22 638 6. 16 4. 10 

13 7.10 593 365 7. 11 

14 6.91 6.63 669 7,32 
15 6.02 6.46 593 6.78 
16 6,00 5.96 6.40 6.34 
17 5.58 5,71 6,09 6.01 
18 6, 17 5.06 3.44 6.21 
19 6. 14 6, 16 609 656 

20 625 5,92 5.47 6.40 

2 1 4.94 4.68 6.15 6.42 
XC 5,98 5.98 5.69 6.32 
GCAd -0, 11 -0,11 -D.40 0.24 

" X = mean of each line across testers, LSD (P = 0,05) = 0.77, 

b GCA = genera l combining ability estimate for lines. 


eX = mean of each teste r across lines, LSD (P = 0.05) = 0.79, 

(I GCA = general combining ability estimate for testers. 


LSD (P = 0.05) fo r the testcrosses = 0.17. 


The tester means for the 11 traits across the seven 

e nvironments are listed in Table 5. Least significant 

differences (LSD) for each trait are included to make 

comparisons among teste rs. According to the LSD va l

ue fo r yield (0.79 t/ ha), only testers 3 and 5 had signif

icantly different testcross means. For the other 10 

traits, o nly plant height (PLTH) and ear height (EARH) 

had some instances of significant differences among 

means of the testcrosses, 


GCA estimates for lines and testers and the mean 
yield for each of the 147 test crosses across the seven 
enviro nments are presented in Table 6, GCA esti
mates for testers ranged from -0.40 for tester 3 to 0.39 
for tester 5 (Table 6), Testers 4, 5, and 6 had positive 
estimates of GCA, while the other testers had nega
tive GCA estimates, The inbred tester 7 had the sec
ond smallest estimate of GCA (-0,27), while the syn
the tic tester 6 had the second largest GCA (0.27). For 
the 21 lines, the GCA estimates ranged from -0.60 for 
line 7 to 0.70 for line 14, Lines 14,10, and 13 had the 

5 


675 

552 

609 

728 

6.06 
6.46 
5.31 

6, 16 

6,74 

6,68 


675 

6,97 

7,38 

7,08 

6,92 


650 

602 

665 

5,85 

6.4 1 

6,5 1 

6.48 
039 

6 


662 

5,66 

6.43 

6.60 


653 

6.66 

554 

6.22 

584 

6,64 

6.15 
6. 17 

7,20 

6,60 

6,72 


652 

6.00 

650 

6.45 
6.40 
5.97 
635 

0,27 


7 


632 

5, 16 

5,80 

5,24 

6.06 
5.98 

528 

5,92 

5,21 

6.26 
6,70 


653 

694 

6.28 
6.23 
5,02 
4.49 

491 

6.28 
6.28 
5.24 
5.82 

-D,27 

X" 

6, 11 

5.62 
6.16 
6,03 
6,24 
6.22 
5.48 
6,16 

5.69 
6.56 

634 

6,08 

6.47 
6.79 
6.44 
6.11 
5.70 

556 

6.22 

6,16 

570 

609 


GCA" 

0,02 
-D.47 

0.07 
-D.06 


0, 15 

0. 13 


-D,60 

0,07 


-0.40 

0.47 
0.25 

-D,01 
0,38 
0.70 
035 
0.02 

-D39 
-D.52 

0.13 
0,07 

-D.39 

largest, posi tive GCA estimates o f 0.70,0.47, and 0.38, 

respectively. Line 13 x tester 5 0.38 t/ ha), line 14 x 

tester 4 (7.32 t/ ha), and line 4 x tester 5 0.28 t/ ha) 

had the greatest testcross yields. The means for yield 

and agrono mic traits expres,sed at each environment 

were significantly different (based on LSD values) 

among environments for all the trai ts except for root 

and stalk lodging (Table 7). These results emphasize 

the importance of determining the performance of 

different genotypes in contrasting environments, 

which show the level at which the genotypes select

ed are expected to perform. 


The best 10 testcrosses for yie ld (t/ha) and their 
ranking at each environment and for the combined 
analysis are listed in Table 8. Nine of the best 10 test
crosses involved either line 13 or tester 5, which is a 
Single cross. The greater ranges for the testcrosses oc
curred at those environments that had the greatest aver
age testcross yields, such as environment 1 (6,89 t/ha) 
and environment 5 (10.00 t/ha). The ranking of the 

http:0.70,0.47
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TABLE 7 - Means lor yield and lor agronomic traits lor seven environments in Guatemala from the evaluation CI! 147 com testcrosses 
hetween 21 lines and seven testers. 

Tra ils:l 

Environment YIELD STAND SILK PLTH EARH HUM HUSK RLODG SLODG PROLI F EROT 

t/ ha ------ no. ------ - ----- em ---- ------------------- -------- % - - - -------------------
I 753 41.4 70.1 245.4 126.0 21.2 4.4 6. 1 1.0 lOIS 4.6 
2 603 372 530 243.1 1302 19.4 6.8 2.1 09 98.1 7.8 
3 1.86 42.7 53.2 228.6 1359 16.6 2.1 0.2 0.1 66.6 609 
4 '5.12 40.1 55.2 253.8 134.4 21.1 2.1 7.4 1.2 93.0 9.0 
5 7.99 40.2 90.8 210.6 1052 198 8.6 03 0.8 1103 3.0 
6 6.74 41.5 62.4 228.6 120.4 18.2 2.7 1.4 0.6 979 45 
7 7.34 41.8 62.4 210.7 106.2 22.3 4.2 95 0.5 96 1 2.5 

Average 609 40.7 63.9 231.6 122.6 198 4.4 3.8 0.7 948 13.2 
LSD (P = 0.0')) 1.34 4.7 3.1 223 18.8 1.8 6.2 10.1 2.9 12.0 11.6 

.1 Traits designations are as follows: grain yield (YI ELD) in met ric tons per hectare; number of plants a t harvesting (STAND); number of days 
from planting to silk emergence (SILK); plant (PLTH) and ea r (EARH) height ; % of grain humidity (HUM) at halvesting; % of plants with bad 
husk cover (HUSK); % of plants with root (RLODG) and stem (SLODG) lodging; number of ears re lative to number of plants in percentage 
(PROLlF); and % o f ears rotted (EROT). 

mean value of the 147 testcrosses, however, was gener environments (Table 8). If the 10 best testcrosses are 
ally consistent across the different envirorunents. There compared with the best check and the LSD (0 17 t/ha) 
were testcrosses that perfonned better than the best used to determine Significance, each of the 10 testcross
check, ICfA HB-85. There were significant differences es was significantly greater yielding than the yield of 
among the best 10 testcrosses for yield across the seven the best check (6.35 t/ ha). The testcross line 4 x tester 5 

TABLE 8 - Yield (flha) across seven Guatemala environments and ranking/or tbe hest 10 testcrosses hased on the combined analysis/rom 
the evaltlation!.!/' 147testcrosses 0/com between 21 lines and seven testers. 

Environments 

Crosses" Combinedh 2 3 4 5 6 7 

L1 3 x T5 7.38/ 1'" 998/3 5.64/ 11 3 2.08/ 49 7.94 / 2 9.56/ 12 7.76/1 0 872/ 5 
L14 x T4 7.32/ 2 897122 5.94/ 86 2.32/ 34 8.18/ 1 9.22/17 7.64/17 8.96/ 1 
L4 x T5 7.28/ 3 9.06/17 ').94/ 85 1.42/ 11 3 6.48/18 1080/3 8.67/ 1 8.56/8 
L13 x T6 7.20/4 10.1412 ')30/ 131 1.74177 7.00/6 10.08/6 7.76/ 11 8.42/12 
L13 x T4 7.11/5 9.82/ 5 5.08/ 140 2.49126 6.62/14 10.45/ 5 736/ 33 7.92/37 
L13 x TI 7 10/ 6 986/ 4 5.82/ 98 172/ 81 6.81 /8 9.11122 7.52124 8.86/3 
L14 x T5 7.08/7 896/ 23 7.03/ 8 286/13 7.06/ 4 9.12/ 21 7.09/50 7.46/ 83 
L12 x T5 6.97/ 8 10.20/ 1 6.38/40 232/ 33 6 16125 8.84/ 30 7.24/40 7.63/ 63 
L1 3 x T7 694/ 9 9.14/ 15 5.48/ 125 2.20/ 42 672/ 10 9.48/ 14 6.78/84 8.82/ 4 
L15 x T5 6.92/ 10 8.36/37 632/48 316/ 4 6.80/ 9 8.16/79 7.80/ 9 7.82/ 47 

Meand 6.09/88 7.5.3181 6.03175 1.86/ 64 5.12/72 7.99/ 94 674/ 85 7.34/ 89 
Checke 635/58 7.46/ 86 5.31 / 131 266/ 19 5.20/65 8.40/ 60 7.26/ 40 8.18/ 18 
LSD/ P = 5% 0. 17 0.18 0.23 0.10 0.20 0.18 0.13 0.17 
Ranged 394 689 5.04 327 588 10.00 5.46 4.42 

" Crosses = L identifies the number of the line, and T identifies number of the tester involved. 
b Combined = yield mean from the combined analysis across the seven enviro nments. 
C Numbers after the slash indicate the ranking o f that yie ld in the experiment . 
d Mean and Range = from the 147 testcrosses included in the experiment. 
e Check = the best check from the combined analysis, which was ICTA HB-85. 
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TABLE 9 - Rankingjrom y ield O/ba) oj 21 lines by seven testers and statistics parameters estimated as usejul injbrmalionjor selecting a con
uenienttesterjor a by bdd com breeding program in Guatemala. 

2 :3 

Rank 

13 14 14 
2 14 10 10 

:3 10 11 16 
4 6 IS :3 
5 4 5 12 
6 20 12 21 

7 12 4 8 
8 5 19 19 
9 18 :3 17 

10 19 8 11 
11 8 16 6 
12 (mea n) 15 13 'i 
13 16 20 I 

14 II 6 I S 

15 :3 I 2 
16 2 17 7 
17 17 9 20 
18 9 2 9 
19 7 7 13 
20 21 18 4 
21 2 1 18 

Per seb 5 86 6.90 5.94 
Crosses' 5 98 5 98 569 
Varianced 4.58 336 12.72 
GCAe - 0. 11 -D. 11 - 0.40 
Correlation f 0.61** 0.77" 0.28n5 

.1 Ra nking based on the mea n of the seven testers. 

b Yield tester per se. 

c· Mean of the testcrosses. 

d Testcross mean square. 

,. Genera l combining ability. 


f Co rrelation with mea n o f seven (es ters. 


had relatively better yields in higher yie ld environments 
0, 5,6, 7), but relatively poorer yields in poorer yield 
environments (2 and 3). Diffe rent genotypes may have 
to be considered for different environments after con
sidering the profitability of seed prcx:luction. 

A summary of the information fo r making the 
cho ice o f the more co nve nient teste r is included in 
Table 9. The ranking of the lines by the teste rs in de
scending order, based on the mean performance of 
the seven testers, is shown in the column identified 
as X. The dotted line at the center of Table 9 is the 
position of the testcross nrean for the average of the 
seve n testers (6.09 t/ ha) . Table 9 also includes the 
pe rformance of each tester itself (per se), the ave rage 

Testers 

4 5 6 7 X" 

Lines 

14 
13 
4 

I S 

I 

10 

19 

3 
11 

5 
8 

21 
20 
16 
6 

18 
17 
2 

9 
7 

12 

13 
4 

14 
12 
15 

11 

9 
10 
18 
21 

16 

6 
20 

8 

3 
') 

17 
19 
2 
7 

13 
15 
6 

10 

14 
4 
') 

16 
18 
19 

3 
20 
8 

12 
11 
17 
21 

9 
2 
7 

13 
11 

12 

14 

19 
20 
10 
15 

5 
6 

8 
3 
7 
4 

21 

9 
2 

16 
18 
17 

14 

10 
13 
15 
II 

'i 
6 

19 
20 

3 
8 
1 

16 
12 
4 

21 
17 

9 
2 

18 
7 

'i 35 
632 
6.25 
0.24 
0.55'* 

4.50 
6.48 
4.10 

0.39 
0.52' 

5.72 
63') 
2.17 
0.27 
0.73" 

2.51 
5.82 
6.2 1 

-0.27 
0.77" 

5.25 
609 

of the testcrosses for each teste r (crosses), the vari
ance estimate fo r each tester (variance), the GCA es
timate for each tester (GCA), and the correlations 
be tween each tester and the overall mean of the sev
en testers (corre lation). Some lines were ranked con
sistently by each of the seven teste rs. For instance , 
line 14 ranked first fo r the average of the seven test
ers, and line 14 also was amo ng the top-ranking lines 
for each individual tester. Similar co nsistency oc
curred for lines 13 and 10. Simila r consistency of 
ranking was o bserved fo r some lines that had re la
tively poor testcross yields for each teste r; for in
stance, lines 7 and 2 (Table 9). There were some 
lines that had inconsistent testcross yields among the 
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different testers. Line 9, for example, had a relative ly 
low ranking of testcross yield by seven testers, but 
line 9 had the e ighth ranked testcross yield with test
er 5 (Table 9). GENTER (963) proposed that genes 
from the tester parent could mask and interact with 
those from the inbreds in crosses; thus, the perfor
mance of the testcrosses would not accurately dete r
mine genotype of the lines unde r study. 

Testers are used to discard lines that have below
average combining ability. Based on that concept and 
considering the mean of the seven testers as a refer
e nce point, tester 7, which is an inbred, is one tester 
that ranked the 21 lines similar to the mean of the sev
en teste rs. Eleve n lines ranked above the mean by test
er 7 also were above the mean based on the average of 
the seven testers. Tester 7 had the highest correlation 
with the average of the seven testers (r = 0.77). For 
practical reasons, however, tester 7 would not be the 
more suitable tester in Guatemala because tester 7 is 
an inbred line. Tester 7 identified superio r yielding sin
gle crosses, which are not recommended for the spe
cific market in Guate mala for which hybrids are ex
pected to be released. Tester 3 had the gTeatest varia
tion among testcrosses (0 .75), had the lowest GCA esti
mate (-D.40), and the poorest correlation with the av
erage of the seven testers ( I' = 0.28) (Table 9). HALLA UER 
(975) concluded that a suitable tester should provide 
information on the correct ranking of the relative merit 
of the lines under test. Although tester 3 had the largest 
mean squa re (12.72), which is a desirable feature , if we 
take into account the mean va lue from the average of 
the seven testers, tester 3 would have eliminated lines 
13 and 15, which were ide ntified by other testers to be 
included among the best lines . Tester 6 had a broader 
genetic base and had a high correlation (r = 0.73) with 
the average of the seven testers, and tester 6 also had 
the lowest variation among testcrosses (0.08) (Table 4). 
A comparison of the relatio n of tester performance per 
se with the variation among their testcrosses did not 
show a definite trend. These results disagree with the 
results repolted by RAWLINGS and THOMPSON (1962) and 
HALLAUER and LOPEZ-PEREZ (979), who concluded that 
the assumed lower frequency of favorable a lleles at 
impoltant loci present in low performing testers will 
give the greatest variability among testcrosses, which is 
desirable for efficient selection among lines. 

The results o f this study, and those obtained by 
othe r authors, emphasized the relative nature in the 
choice of the best tester. The proper choice of testers 
has to depend on the objectives of each specific pro
gram. This was emphasized by MATZINGER (1953) and 
HALLAUER el al. (988), w ho recommended that the 

choice of tester by breeders for e ither ea rly or late 
generation testing should be based on the stage of 
deve lopment of every breeding program, genotypes 
to be tested , alternative teste rs available , and type of 
hybrids expected to be produced with the materials 
under selection. 

Based o n the practical objectives of this study, test
e r 4 seems to be a good compromise to conside r as 
the convenient tester. Tester 4 had the second largest 
variation among testcrosses (0.34) and a positive esti
mate of GCA (0.24) , which can be imponant for iden
tification of e lite ctosses fo r extensive eva luation and 
continued inbreeding. HORNER et al. (976) stated that 
even though a homozygous line can be considered 
the best tester, if the lines under selectio n are expect
ed to be used for three-way o r double-cross hybrids, 
an established single-cross tester that is considered a 
good seed parent would be a good choice because 
the genotypes from selection would be mo re easily 
used in commercial production. The positive GCA es
timate for tester 4 would be useful if that tester is ex
pecteel to be involved as one parent for potential hy
brids to be released. Another good feature of tester 4 
was a highly significant correlation (0.55) with the av
erage of the seven testers, which agrees with the con
clusion of ABEl. and POLLAK (991) in using this info r
mation for making a cho ice of the more efficient test
e r. Fo r the ranking obselved among the 21 lines based 
on the mean of the seven testers, tester 4 identified 10 
lines o f the 12 lines above the mean. With the excep
tion of tester 7 which is an S3 line, all the other testers 
could be conside red as broad-genetic base testers be
cause the level of inbreeding of the parents involved. 
HALLA UER and LOPEZ-PEREZ (979) suggested that with 
the heteroge neity of broad-base testers, the only ob~ 
jective of the testcross is to obtain an initial measure of 
the combining ability of the lines. 

CONCLUSIONS 

The combined analysis for yield (t/ ha) showed 
highly significant differences for the sources of varia
tion for environments, lines, testers , a nd the interac
tio ns of lines and of testers with environments. High
ly significant diffe re nces among lines and testers in
dicate the re were differences among lines and teste rs 
across e nvironme nts. The teste rs x lines interaction 
also was highly significa nt, indicating inconsistent 
ranking of the lines by the testers. 

Yield mean for the 147 testcrosses across environ
ments was 6.09 t/ ha . and the greatest-yielding tester 
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was tester 5 (6.48 t/ha). The mean yield of the best 

three testcrosses was 7.33 t/ ha , which was 0.97 t/ ha 

greater than the best check , ICTA HB-85. Greater 

mean squares for the main effects of lines and testers 

than for the interact io n indicated that additive genet

ic effects were of greater importance than no naddi

tive effects. Testers 4, 5, and 6 had positive estimates 

of general combining ability (GCA), while testers 1, 

2, 3, and 7 had negative GCA estimates for yield. 

Lines 14, 10, and 13 had the highest, positive GCA 

estimates of 0.70,0.47, and 0.38 t/ ha, respectively. 

Highly significant coefficients of concordance (W) 

were obtained for yield for both line rankings and 

tester rankings, suggesting that, in both instances, the 

rankings were relatively consistent. Similar results 

were obtained from the Pearson correlatio n coeffi

cients between each tester with the mean of the seven 

testers, except for tester 3, which did not have a signif

icant correlation with the mean of the seven testers. 

There were significant differences for yield 

among the best 10 testcrosses across the seven envi

ronments , but the best 10 testcrosses were signifi

cantly greater y ielding than the best check. Because 

of the range of environmental conditions of the eva l

uation trials, differences in ranking of the 10 best

yielding testcrosses occurred among environments. 

Nine of the best 10 testcrosses across the seven envi

ronments involved either line 13 or tester 5, suggest

ing stable expression of specific combining ability 

for these two genotypes. Some lines were ranked 

consistently by each of the seven testers; whereas, 

other lines were ranked inconsistently. Tester 3 h ad 

the largest variation among testcrosses, which is a 

desirable feature for a suitable tester. 

HALLAUER and MIRANDA (988) and MATZINGER 

(953) emphasized that the cho ice of tester will de

pend on the objectives and characteristics of each 

specific program. Based on the practical objectives of 

this study, tester 4 seems to be an acceptable option 

to consider as the convenient tester for the situation 

in G uatemala. Tester 4 had the second largest varia

tion among testcrosses, positive estimate of GCA, 

highly Significant correlation with the average of the 

seven testers, and acceptable performance per se. 

These are the main factors considered in the choice 

of tester 4 as the convenient tester for the specific 

breeding program under consideration. 

There were three-way testcrosses that performed 

better than the best check, ICTA HB-85; therefore, 

these superior testcrosses can be further evaluated as 

potential hybrids for release. This study emphasized 

the relative importance of the decisions that are nec

essalY in making the choice of the best or more con

venient tester based on the evaluation of testcrosses 

between a specific set of lines crossed to several al

ternative potential testers. 
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