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In conclusion, the hay-type alfalfa cultivars Florida
77 and Apollo produced higher seed and forage yields
than the grazing-type cultivars Travois and Spredor
II. The grazing-tolerant germplasm GA-GC produced
seed yields equivalent to Florida 77 and forage yields
higher than all cultivars. The grazing-tolerant germ-
plasm GA-WCG produced seed and forage yields
equivalent to its unselected base population, WC-PI,
even though it exhibited a more decumbent growth
habit and earlier fall dormancy than WC-PI. The lack
of significant biological relationships between mor-
phological traits and seed yields agrees with Singh’s
(1978) conclusion that it is difficult to predict alfalfa
seed yield using a single component of seed yield.

The seed yields produced in this study might en-
courage alfalfa seed production in Georgia, but un-
predictable weather and a premium price for alfalfa
hay make seed production economically unfeasible at
present. Without data to provide measurements of
genotype by environment interaction, the results of
this experiment have no direct application to the west-
ern seed-producing areas. Given that the control cul-
tivars performed as expected, the seed yields of GA-
GC and GA-WCG suggest that grazing-tolerant cul-
tivars can be developed that produce higher seed
yields than current grazing-type cultivars.
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Characterization and Inheritance of Dwarfing Genes of Pigeonpea .
K. B. Saxena,* S. M. Githiri, Laxman Singh, and P. M. Kimani

ABSTRACT

Pigeonpea [Cajanus cajan (L.) Millsp.] cultivars have excessive
vegetative growth and are not amenable to efficient Crop manage-
ment practices such as foliar insecticide application and mechanized
field production. This study was conducted at the ICRISAT Center
in India to characterize three easily distinguishable dwarf pigeonpea
phenotypes (D,, PD,, and PBNA) with respect to some morpholog-
ical traits and to study the inheritance patterns for dwarfing genes.
Six crosses involving the dwarf lines and tall cultivars were studied.
In 1986, the parents, F,, and F, generations were grown and in the
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following year, testcrosses and F; progenies were evaluated along
with their respective parents. Each population was phenotypically
classified relative to parental type as tzall or dwarf. The chi-square
analyses showed that the dwarf phenotype in each of the three lLines
was controlled by a single recessive gene in homozygous state. The
D; and PD, lines had similar alleles (#,t;} whereas PBNA had a
different allele (#44) for dwarfness, which was recessive to the D/
PD, allele, thus constituting a multiple allelic series.

TRADITIONAL PIGEONPEA cultivars generally grow
to the height of over 2 m. The excessive vege-
tative growth of pigeonpea not only leads to reduced
harvest index but is also not amenable to efficient crop
management practices such as insecticide application
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Table 1. Phenotypic classification of the F, and testcross progenies of six crosses between dwarf and tall pigeonpea lines.

Observed Expected i
Total Ratio
Cross/generation plants Tall Dwarf Talt Dwarf tested Chi-square Probability
ne.
D, X ICPL 1
F, 545 392 153 408.75 136.25 31 275 0.05-0.10
Testcross 34 17 17 17 17 1:1 0 1.00
Dy X BDN 1
F 530 392 138 397.50 132.50 EN | 0.31 0.50-0.75
Testcross 31 16 15 15.50 15.50 1:1 0.04 0.75-0.90 -
PD, X ICPL 1
F, 204 153 51 153 51 k31 0.00 1.0
Teslcross 18 10 8 9 1:1 0.22 0.50-0.75
PD, X BDN 1
) S 463 334 129 347.25 115.75 31 2.03 0.10-0.25
Testcross 26 19 7 13 13 1:1 5.54 0.01-0.05
PBNA X ICPL
366
F, 1445 1124 3 1083.75 361.75 k3 5.97 0.01-0.05
PBNA X
NP(WR)}I1S
F. 516 in 144 387 129 31 232 0.10-0.25

and mechanized field production. Efficient manage-
ment of pod borer (Heliothis armigera) and pod fly
(Melanagromyza obtusa), the major and widespread
pests of pigeonpea, is essential for realizing higher
yields. Spence and Williams (1972) suggested that de-
layed planting can be used to achieve restricted veg-
etative growth in pigeonpea for improved manage-
ment. Mohammed and Airyanayagam (1983) argued,
however, that since plant height in pigeonpea fluc-
tuates considerably from season to season and plant-
ing date, the use of dwarfing genes would be a more
desirable approach to reduce plant height and reap the
benefits of higher inputs and mechanization.

Krauss (1927), Shaw (1936), and Kolhe and Na-
yeem (1977) reported incomplete dominance of tall
over the short plant stature in pigeonpea. Sen et al.
(1966), Sheriff et al. (1975), and Marekar et al. (1978)
identified bushy dwarf pigeonpea phenotype that had
brittle branches and condensed internodes. They re-
ported that the dwarfness was controlled by a single
recessive gene. From the intergeneric crosses of pi-
geonpea and Atylosia scarabaeoides, Saxena et al.
(1987) reported the identification of a high-protein
dwarf line that was around 60 c¢cm in height. Seven
sources of dwarfism in pigeonpea available at
ICRISAT Center have been described by Sharma et
al. (1989). Of these, genetic studies of D, dwarf line
were done by Waldia and Singh (1987) and based on
F, and F, data of three crosses, they reported that the
dwarf phenotype in the D line was controlled by two
nonallelic recessive genes ¢, and ¢,. The present study
was conducted with the objective of characterizing
three easily distinguishable dwarf pigeonpea pheno-
types with respect to some important morphological
traits and to study the inheritance patterns for dwarf-
ing genes,

MATERIALS AND METHODS

Three dwarf pigeonpea phenotypes, D, PD,, and PBNA,
were included in this study. The dwarf line D, was isolated
from an irradiated population of ‘BDN 1”. The plants of this
line are medium maturing (180 + 10 d), indeterminate, and
grow to the height of over 1 m (117 + 9 cm). The D, dwarf

has fewer and shorter internedes and a greater number of
secondary and tertiary branches. The internodes are con-
densed so that the branches radiate from a narrow region
about 10 to 15 c¢cm above the ground level. The main
branches are brittle and held at an acute angle, giving the
plants a short, compact morphology. This line normally
vields three brown sceds per pod with a 100-seed wt. of
about 11 g. The dwarf line PD, was obtained from Agricul-
tural Research Station, Gulbarga in Karnataka state, India,
and resembles the D; dwarf line in height (113 + 10 cm)
and in the other morphological traits described above. In
contrast, it has small [8 g per 100 seeds], white seeds, av-
eraging 3.6 seeds in each pod. The dwarf line PBNA was
obtained from Marthwada Agricultural University, Par-
bhani in Maharashtra state, India. The PBNA dwarf line is
the shortest (98 + 9 cm) among the dwarfs and, unlike PD,
and D dwarfs, this line retains most of its green leaves up
to maturity. It matures about 10 d later than D, and has
more secondary and tertiary branches. It has white seeds,
weighing around 11 g per 100 seeds. On average, each pod
contains 3.2 seeds. Under field conditions, the dwarfs D,
and PD, were phenotypically similar except for seed traits.
The PBNA dwarf was easily distinguished from D; and PD,.

In 1984, the two dwarfs, PD; and D, were each crossed
with the tall cultivars ‘ICPL 1’ and BDN 1, whereas PBNA
was crossed with ‘ICPL 366’ and ‘NP(WR)-15". A portion
of the F, seed from each cross was sown in the 1985 rainy
scason to produce F, seed. In the 1986 rainy season, the
parents, F;, and F, progenies were grown to record obser-
vations on segregation of tall and dwarf plants and to pro-
duce testcrosses and F; seeds. Because the F, plants wilted
at the time of flowering, testcrosses with PBNA dwarf could
not be made. In each F, population, 11 to 19 dwarf and 48
to 50 1all plants were selected randomly to study the seg-
regation in the F; generation. In 1987, testcrosses and F,
derived progenies were grown along with their respective
parents. To study the allelic relationship among the three
dwarfing genes, the three dwarf lines were crossed in a diallel
in 1985 and a portion of the F, seed was grown in 1986 to
produce F, seed. In 1987; the parents, F,, and F, progenies
of each of the three crosses were grown. In each year the
seeds of experimental materials were planted on ridges 60
cm apart, with intrarow spacing of 30 cm, on vertisols at
the ICRISAT Center. At the time of flowering, each popu-
lation of this experiment was phenotypically classified rel-
ative to parental type as tall or dwarf and the daia were
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Table 2. Segregation pattern in F, progenies grown from tall random F, plants of the crosses between tall and dwarf phenotypes.
Observed Expected
No. of pec Ratio
Cross progeny Segregating  Nonsegregating Segregating Nonsegregating tested Chi-square Probability

0.

Dy X ICPL 1 48 31 17 320 16.0 21 0.09 0.75-0.90
Ds X BDN 1 49 37 12 327 16.3 21 1.70 0.10-0.25
PD, X ICPL 1 50 30 20 333 16.7 21 0.39 0.25-0.50
PD, X BDN 1 48 29 19 32.0 16.0 21 0.84 0.25-0.50
PBNA X ICPL 366 : 50 3 19 33.3 16.7 2:1 0.48 0.25-0.50
PBNA X NP(WR)15 - 50 1 19 333 16.7 2:1 0.48 0.25-0.50

Table 3. Pooled segregation for tall and dwarf types within the tall F, segregating progenies from the six crosses between tall and dwarf

phenotypes.
Ob! d E: ed
No. of Total serve xpect Ratio
Cross progeny plants Tail Drwarf Tall Dward tested Chi-square Probability
no.
Dy X ICPL 1 31 1076 823 253 807.00 269.00 31 1.27 0.25-0.50
D; X BDN 1 37 1281 985 296 960.75 320.25 31 2.45 0.10-0.25
PD, X ICPL 1 30 1036 789 247 777.00 259.00 31 0.74 0.25-0.50
PD;, X BDN 1 29 1032 789 243 774.00 25800 k31 [.16 0.25-0.50
PBNA X ICPL 366 3 1066 820 246 799.50 266.50 kN 2.10 0.10-0.25
PBNA X NP(WR)I5 31 1102 845 257 826.50 275.50 31 1.66 0.10-0.25

subjected to qualitative genetic analyses, using a chi-square
test.

RESULTS AND DISCUSSION
Inheritance

The F, plants of all the crosses resembled their tall
parents, suggesting the recessive mode of gene action
for controlling dwarfism in the three different dwarf
lines. The F, progenies were classified into tall and
dwarf parental types. In each cross, segregation of the
progeny fit the eéxpected ratio of 3:1, indicating that
the phenotype of each dwarf was controlled by a single
recessive genetic factor (Table 1). This was further cor-
roborated by phenotypic segregation patterns in the
testcross and F, progenies. Segregation in the testcross
progenies of the crosses showed a good fit to the ex-
pected ratio of 1 tall : 1 dwarf (Table 1). As expected
for single gene segregation within each cross, all the
dwarf F, derived progenies bred true for dwarfness
and two-thirds of the tall progenies, segregated and
the remaining talls bred true for tallness (Table 2).
Within each segregating progeny, the data showed a
good fit to 3 tall : 1 dwarf, The data pooled over the
segregating progenies in each of the six crosses (Table
3) also showed a good expected ratio of 3:1, confirm-
- ing that dwarfness in each of the three dwarf sources
was controlled by a single recessive gene present in
the homozygous state.

Allelic relationship

The allelic relationship was studied in F, and F,
generations of crosses made among the three dwarfs
in a diallel scheme. The progenies were classified for
parental phenotypes.

The dwarf lines Dy and PD, are morphologically
similar and the F, and F, progenies of their cross ap-
peared phenotypically uniform for dwarfing character,
suggesting that both D and PD, dwarf lines involved
the same allele for dwarfness, although the two dwarf
lines had been isolated from unrelated sources. In the

cross Dg X PBNA, all the F, plants phenotypically
resembled the Dy dwarf. Of the 229 F, plants grown,
57 resembled the PBNA dwarf and 172 were similar
to the D, parent. The chi-square test indicated a good
fit to the monogenic ratio of 3 D type : 1 PBNA type
(£ = 0.90-0.95). These results showed that one locus
with complete dominance was involved in the differ-
ences observed in the Dg and PBNA dwarfs, where
the Dy type of phenotype was dominant. In the cross
PBNA X PD,, all the F, plants were similar to PD,
and in the F, generation, 79 segregants were of the
PBNA type and 186 resembled PD,. The chi-square
test showed a good fit to 3 PD, type : 1 PBNA type
(P = 0.05-0.10), typical of a single locus with com-
plete dominance. These observations showed that this
cross segregated in a manner similar to that of the
cross D; X PBNA. This was expected considering that
the two dwarfs, D; and PD,, have been classificd as
having the same allele for dwarfness.

In conclusion, the results show that the PD,/D,
phenotype was completely dominant to the PBNA
type and both the phenotypes were recessive to the
tall phenotype. The genetic relationship among these
three dwarfs and the tall parents suggested the pres-
ence of one locus with recessive multiple alleles, des-
ignated as TT; for tall type, t;t; for PD,/D, pheno-
type, and ##} for the PBNA phenotype. For the
expression of PD,/D; type of phenotype, the presence
of the ¢; allele, either in the homozygous (z,¢;) or het-
erozygous (f;#4) condition, is essential. On the other
hand, the expression of PBNA phenotype requires the
presence of 7} allele in the homozygous (#43) condi-
tion. The genetic relationships of these dwarfs with
those reported earlier (Sen et al., 1966; Sheriff et al.,
1975; Saxena et al.,, 1987; Waldia and Singh, 1987),
needed for complete characterization of dwarfing sys-
tems in pigeonpea, has not been reported.
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Plot Configuration in Corn Yield Trials

D. T. Bowman*

ABSTRACT

It is generally assumed that bordered plots are efficient for re-
ducing error variance and the associated bias from border effects.
Conlflicting results in the literature regarding use of borders in corn
(Zea mays L.,) grain trials and limited information on use of borders
in corn silage (herbage) trials prompted studies on the most efficient
plot size and the need for bordered plots in corn grain and silage
yield trials. The studies encompassed five and six environments over
a span of 4 yr for silage and grain, respectively. Silage trials included
from 24 to 28 hybrids each year. Grain trials included three different
maturity groups with 18 to 64 entries. Four-row plots were used with
the center two rows representing hordered two-row plots and the
outside two rows considered as unberdered two-row plots. Bordered
two-row plots were 1.06 and 1.02 as efficient in reducing error var-
iance as unbordered two-row plots for silage and grain, respectively.
The hybrid by border interactions generally were not significant,
and highly significant yield and rank correlations suggest that very
litfle border bias was occurring. Four-row anbordered plots were
only 1.30 and 1.48 as cfficient as the two-row bordered plots for
silage and grain trials, respectively. The greatest gain in efficiency,
while not compromising estimation of relative hybrid yields (1.89
and 2.26) came from using two-row unbordered plots and doubling
the number of replicates for silage and grain yield trials, respec-
tively, vs. the two-row hordered plots.

THE NEED for guard rows in vyield trials to avoid
border effects has been established for such crops
as soybean [Glycine max (L.) Merr.] by Hartwig et al.
(2) but has been found unnecessary in other crops, e.g.,
grain sorghum [Sorghum bicolor (L.) Moench] by
Ross (8). In corn grain yield trials, there is literature
to both support and oppose the use of borders. Early
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leigh, NC 27695-8604. Paper no. 11563 of the Journal Series of the
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maturing hybrids were found to be less competitive
than late-maturing hybrids and border influence was
evident in the study by Genter (1). He suggested
grouping hybrids by maturity to avoid the border in-
fluence resulting from maturity differences. Kiessel-
bach (5) in an earlier study noticed a competitive ef-
fect between corn hybrids by measuring grain yield in
border rows. However, Olson (6), after measuring
yields in each row of three-row plots in 1928, con-
cluded that there was no competition between an
open-pollinated cultivar and a hybrid.

The North Carolina Official Variety Testing Pro-
gram began using four-row corn plots in 1984 at the
request of seed companies that had entries in the
trials. The corn grain trials had been grouped by ma-
turity since 1978 so there should have been very little
competitive influence between adjacent hybrids due
to maturity differences. Any competitive effects would
have been due to plant height and vigor differences.
Research by Pendleton and Seif (7) suggested that corn
hybrid tests should be grouped by plant height, thus
four-row plots may be necessary if there are compet-
itive differences from plant height within maturity
groups. With this idea in mind, a study was conducted
to determine the need for bordered plots and the best
configuration of plots to maximize testing precision
in corn grain trials.

Corn silage (herbage) yicld trials normally are not
grouped by maturity in North Carolina because of
fewer entries as compared to corn grain yield trials.
Differences in plant height, vigor, and maturity may
affect silage yield and one would assume that bordered
plots are necessary (9). Keng and Hall (4) found dry
matter yield to be significantly different with the use
of border rows for late hybrids as compared to single
row plots, but concluded that comparison of hybrids
in single row plots would lead to the same conclusions
as those from two- or three-row plots.

Y



