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ABSTRACT
Maize (Zea mays L.) hybrids with good yields of grain and whole-

plant dry matter are recommended for silage production. The stover
can comprise more than 50% of the whole-plant dry matter and,
therefore, can influence dry matter yield and nutritive value of the
whole plant. The objective of this study was to determine relationships
between agronomic characteristics (stover and whole-plant forage yield
and moisture, grain yield and moisture, lodging, maturity, and ear
percentage) and nutritional quality of maize forage in three popula-
tions. Twenty-four S0., families (S0-derived families in S,) exhibiting
a range in neutral detergent fiber (NDF) and lignin at mid-flower,
were testcrossed to two commercial inbred lines (FR23 and LH74) to
form two groups of F, hybrids. A third experimental group was cre-
ated by self-pollinating the S0., families to form S0.2 families. This
germplasm was evaluated at three environments in Wisconsin. For
FR23 testcrosses, grain yield had a correlation coefficient of 0.53 with
stover dry matter yield, 0.65 with whole-plant dry matter yield, and
-0.03 with whole-plant in vitro true digestibility. For LH74 test-
crosses, the similar correlation coefficients were 0.46, 0.54, and —0.02,
respectively. Also for FR23 testcrosses correlation coefficients of stover
yield with whole-plant yield, NDF, and in vitro true digestibility were
0.89, 0.53, and -0.28, respectively. For LH74 testcrosses the coef-
ficients were, 0.85, 0.40, and — 0.48, respectively. The results of this
study demonstrate that stover yield and nutritional quality are im-
portant factors influencing whole-plant yield and nutritional quality
of maize forage.

MAIZE is GENERALLY VALUED as a grain crop; how-
ever it has substantial importance as a forage crop

in many maize-growing regions. Approximately 2.4 mil-
lion hectares of maize silage are harvested annually in
the USA, with Wisconsin the top silage-producing state,
harvesting about 300 000 ha.

It has generally been believed that a high-yielding grain
hybrid will perform well as a silage hybrid. Vattikonda
and Hunter (1983) observed a positive relationship be-
tween grain yield and dry matter yield of hybrids devel-
oped for grain yield. This relationship, however, has not
been shown to be strong enough to justify selecting hy-
brids for silage production based solely on grain yield
performance (Vattikonda & Hunter, 1983; Alien et al.,
1991; Fairey, 1980).

Grain is highly digestible and can comprise a large
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fraction of the whole-plant forage. Therefore it seems
likely that grain yield would have a strong association
with whole-plant digestibility. Reported correlations are
lower than those observed between grain and whole-plant
dry-matter yields, however (Vattikonda and Hunter, 1983
and Alien et al., 1991). The relationship between ear
percentage or grain content of the whole plant and whole-
plant digestibility has also been studied. Ear percentage
is the fraction of whole-plant forage comprised of grain
and cob. Deinum and Bakker (1981) observed only a
weak relationship between digestibility and ear percent-
age. Selection based on ear-to-stover ratio may not lead
to higher total digestible nutrient yields per plant (Roth
et al., 1970). Alien et al. (1991) reported a strong re-
lationship between grain content and whole-plant di-
gestibility (/• = 0.80), but included a broad range of
hybrids, some with very low grain yields.

Stover digestibility is well correlated with whole-plant
digestibility, but stover digestibility is not strongly re-
lated to ear percentage or grain yield (Deinum and Bak-
ker, 1981; Vattikonda and Hunter, 1983). Similarly, there
seems to be no relationship between cell wall digestibil-
ity of the stover and ear percentage or grain yield (Dol-
stra and Medema, 1990; Deinum and Bakker, 1981).
Deinum and Bakker (1981) concluded that in their en-
vironment, grain fill and cell wall composition, including
degree of lignification, are independent. Therefore, whole-
plant digestibility is influenced by two independent fac-
tors: whole-plant grain content and stover digestibility
(Deinum and Bakker, 1981; Vattikonda and Hunter, 1983;
Hunt et al., 1992).

The future genetic improvement of silage quality will
likely focus on stover composition and digestibility
(Deinum and Struik, 1989; Dolstra and Medema, 1990,
and Johnson et al., 1985). A decrease in stalk lignin may
increase stover digestibility (Colenbrander et al., 1975,
and Miller et al., 1983) but may also lead to increased
stalk lodging (Undersander et al., 1977; Twumasi-Af-
riyie and Hunter, 1982). However, Albrecht et al. (1986)
observed that recurrent selection for improved stalk
strength or stalk rot resistance was accompanied by de-
creases in cell wall and lignin concentrations and an in-
crease in digestibility of the stalk. Selection increased
total nonstructural carbohydrates, which diluted stalk fi-
ber concentration and resulted in an increase in digesti-
bility.

Two maize populations, WFISIHI and WFISILO, were
developed at the Univ. of Wisconsin to study the effects
Abbreviations: ADF, acid detergent fiber; CP, crude protein;
CWD, cell wall digestibility; IVTD, in vitro true digestibility;
MS, mid-silk date; NDF, neutral detergent fiber; NIRS, near-
infrared reflectance spectroscopy.
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of cell wall composition on insect resistance (Beeghly,
1990; Buendgen et al., 1990). The populations express
extreme fiber and lignin concentrations and are useful in
examining relationships between nutritional and agro-
nomic characteristics in maize (Wolf et al., 1993). Se-
lection for fiber content and composition of maize stover
may influence carbohydrate partitioning between endo-
sperm and stover. If so, changes in stover fiber might
be associated with changes in grain yield and stalk strength.
Plant maturity may also change with selection for qual-
ity-related traits, because fiber and lignin increase dra-
matically as forages mature (Van Soest, 1982). If there
is a large range in maturity in the germplasm under se-
lection, then selection for stover composition may re-
flect, in part, changes in development.

The focus of the current research is to evaluate se-
lected genotypes from three populations [WFISIHI,
WFISILO, and BS9(CB)] for nutritional quality, dry
matter yield, and moisture content of stover and whole-
plant forage. Genotypes were also evaluated for grain
yield and moisture content, maturity, stalk and root lodg-
ing, plant height, and ear percentage of whole-plant for-
age. Our objective was to determine relationships between
the agronomic characteristics and nutritional quality of
maize forage.

MATERIALS AND METHODS

Germplasm

The germplasm used in this study has been described pre-
viously by Wolf et al. (1993). Briefly, eight So.1 families
(So-derived families in $1) from each of WFISIHI, WFI-
SILO, and BSg(CB)C2 were selected for this study. Within
each population, four families were selected on the basis of
high NDF and iignin content, and four families had low NDF
and lignin content. Therefore, within each population there
are two subpopulations, "hi" and "1o," each composed of
four families.

In 1989, the 24 So.1 families were testcrossed to two com-
mercial inbred lines, FR23 and LH74, to form two experi-
mental groups of F~ hybrids. At least 10 plants from each So.1
family were used to make the testcrosses. A third experimental
group was created by selfing at least 10 plants from each So.~
family to form bulk So.2 families.

Field Experiments
The FR23 and LH74 hybrid trials and So.2 family trials were

treated as three independent field experiments, as described
previously by Wolf et al. (1993). Separate forage and grain
trials were grown for each group at Madison and Arlington,
WI, in 1990 and at Madison in 1991. Soil type at both locations
is a Plano silt loam (fine-silty, mixed mesic Typic Arguidoll).
The experimental design for all trials was a randomized com-
plete block with three replications. Planting and agronomic
procedures were identical for grain and forage trials and have
been described previously (Wolf et al., 1993).

Mid-silk date and plant height were measured in the grain
trials at Madison in 1990 and 1991. Mid-silk dates were mea-
sured as the days from 30 June until silks had appeared on
50% of the plants in each plot. Shortly after pollen shed, plant
height was measured as the distance from the ground to the
tip of the tassel.

Shortly before grain harvest, root and stalk lodging data
were recorded at all environments. Plants leaning more than
30 ° from vertical were considered root lodged; stalks broken
beneath the primary ear, stalk lodged. Lodging data were re-

ported as a percentage of the total plot stand. Testcross trials
were harvested with a self-propelled plot combine that re-
corded grain weight and moisture. The So.2 trials were hand
harvested. Ears were harvested from 15 plants plot-~ in 1990,
and from 20 plants plot-~ in 1991. Ears were harvested only
from plants bordered by other plants. The ears were machine-
shelled and the grain weight and moisture recorded. For all
trials, grain weights were adjusted to 155 g kg-1 grain mois-
ture.

Harvesting of forage trials has been previously described
(Wolf et al., 1994). Trials were harvested when approximately
75% of the plots had a milk-line rating of 1/2 or lower (Crooks-
ton and Kurle, 1988). Before harvest, ears were removed from
one row of each plot; this row was harvested as stover. The
second row was harvested as whole-plant. Five ears from each
plot were broken in the middle and kernel milk-line was de-
termined. Milk-line was recorded on 4 to 0 scale, with 4 in-
dicating early dent and 0 indicating black layer formation.
Ratings of 3, 2, and 1 indicate the position of the milk-line as
3/4, 1/2, or 1/4 of the way from base to tip. Therefore, a rating
of 3 indicates 3/4 of the kernel was milk.

The moisture content of each tissue was determined from
the approximate 1 kg subsample of stover and whole-plant
tissue that was collected from each plot and dried at 60 °C for
1 wk. Stover and whole-plant dry matter weights were calcu-
lated at 0 g kg-1 moisture. The difference between stover and
whole-plant weights was divided by the whole-plant weight to
determine percent ear. Laboratory assays of forage composi-
tion and digestibility, as well as methods of statistical analysis
were as described in Wolf et al. (1993). All discussions 
significance refer to P < 0.05.

RESULTS AND DISCUSSION

Growing conditions were favorable for maize in all
environments. Cool and wet conditions in May 1990 de-
layed planting at Madison. In contrast, May 1991 was
dry and warm, which allowed earlier planting at Madi-
son. Above average temperatures in May and June of
1991 stimulated early growth and resulted in early har-
vest dates for all trials. As a result of these different
environmental conditions, genotype-by-environment in-
teractions were observed for numerous traits in all trials.
The effect of the interaction was a change in magnitude
for all environments. In general, a significant change in
ranking of genotypes did not occur; therefore, means
combined across environments are presented.

Grain Trials

Population BS9 had the highest grain yield in all three
trials (Tables 1 and 2). In testcross trials WFISILO and
WFISIHI had similar yields, while in the So.2 trial, WFI-
SILO had a higher yield. Among subpopulations in the
So.2 trial, BSg-lo, BSg-hi, and WFISILO-Io had similar
high yields (Table 1). In testcross trials BSg-lo and Bsg-
hi had high yields, while WFISILO-Io had low yields
relative to other subpopulations (Table 2).

For grain moisture, mid-silk date, and plant height,
the general differences among populations and subpop-
ulations were similar in all three trials. In general, pop-
ulation BS9 and subpopulations BSg-lo and BSg-hi had
high grain moistures, late silking dates and were tall
(Tables 1 and 2). Population WFISILO and subpopula-
tion WFISILO-Io had low grain moistures, early silking
dates and were short.

In the So.2 trial, population BS9 had the lowest root
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Table 1. Mean values of agronomic traits from maize grain
trials, for populations and subpopulations of So.2 families
averaged across three environments. The range among 24
So.2 families is also shown.

Yield Moisture RL~" SL~ PHT§ MS¶

Mgha-I gkg-1 --%-- cm d

Population ~

BS9 3.80 329 3.7 2.3 207 28.8
WFISIHI 2.89 289 8.5 5.6 187 26.9
WFISILO 3.33 287 8.6 6.6 183 24.1

Subpopulation ~

BS9-hi 3.63 335 0.9 1.5 195 30.0
BS9-1o 3.96 322 6.4 3.0 218 27.5
WFISIHI-hi 2.84 267 3.1 4.7 180 26.1
WFISIHI-Io 2.93 310 13.9 6.6 194 27.6
WFISILO-hi 2.94 303 4.3 2.7 186 26.4
WFISILO-Io 3.71 271 12.8 10.4 180 21.8

Range among families
high 5.04
ol-6W- 1.99

LSD (0.05)
populations 0.35
subpopulations 0.50
families 1.00
CV% 18.1

385 21.5 25.6 239 32.5
226 0.0 0.4 161 19.3

16 ns 3.1 7 0.5
22 7.2 4.3 10 0.7
44 14.4 8.7 20 1.3

8.5 79.6 77.6 5.8 4.6

~"RL = root lodging
:~SL = stalk lodging
§ PHT = plant height
¶ MS = days after 30 June to mid-silk

and stalk lodging percentages. Differences were found
within WFISIHI and WFISILO for root lodging and within
WFISILO for stalk lodging. The "1o" subpopulations
had more root or stalk lodging than the "hi" subpopu-

lation. In testcross trials, no differences existed among
populations for root lodging and stalk lodging (Table 2).
Differences within and among subpopulations were due
to the high lodging percent of a few individual test-
crosses.

Grain yield was not related to any other trait evaluated
in grain trials for So.2 families (Table 3). As expected,
later-flowering families tended to be taller, and grain
moisture was correlated with mid-silk date. Mid-silk date
was also negatively correlated with root lodging.

For both testcross trials, grain yield was highly cor-
related with plant height and mid-silk date (Table 4).
Grain moisture was highly correlated with mid-silk date
in both trials. In general, elevated grain yields and high
.grain moisture were associated with taller, later-flower-
Ing testcrosses.

Forage Trials

In the So.2 trial the range in whole-plant moisture con-
tent among families was very broad (562 to 746 g kg-1)
(Table 5). Several families were, therefore, not har-
vested within the recommended range (630 to 700 g kg-1)
to obtain maximum dry matter yields and digestibility
(Daynard and Hunter, 1975; Hunt et al., 1989). In the
testcross trials, few testcrosses had whole-plant moisture
contents outside of this range.

For both FR23 and LH74 testcrosses, there were rel-
atively large ranges in whole-plant dry matter yields of
6.37 and 5.67 Mg ha-1, respectively (Table 6). Previous
studies of commercial hybrids have reported ranges of
about 3 to 5 Mg ha-1 (Vattikonda and Hunter, 1983;
Allen et al., 1990).

Overall, BS9 had higher yields and moisture contents

Table 2. Mean values of agronomic traits from grain trials, for populations and subpopulations of FR23 and LH74 maize testcrosses
averaged across three environments. Ranges among 24 FR23 and 24 LH74 testcrosses are also shown.

FR23 testcrosses LH74 testcrosses

Yield Moisture RL’~ SLy: PHT§ MS¶ Yield Moisture RL SL PHT MS

Mgha-I gkg-I -- %- cm d Mgha-1 gkg-~ --%-- cm d

Population ~

BS9 10.59 268
WFISIHI 9.42 266
WFISILO 9.43 261

Subpopulation ~

BS9-hi 10.77 269
BS9-1o 10.41 268
WFISIHI-hi 9.43 272
WFISIHI-Io 9.41 259
WFISILO-hi 9.71 275
WFISILO-Io 9.14 247

Range among testcrosses

high 11.36 297
ol-6-ff- 8.12 234

LSD (0.05)
populations 0.33 5
subpopulations 0.45 7
testcrosses 0.93 14
CV% 8.3 4.2

2.6 2.8 267 18.8 10.70 315 2.0 3.7 275 21.0
1.4 2.8 260 18.0 9.53 293 2.0 3.4 263 19.5
2.2 2.3 255 16.6 9.37 286 1.2 3.5 256 18.8

2.4 3.0 264 19.2 10.77 318 1.1 3.3 271 21.8
2.8 2.6 269 18.3 10.63 311 2.9 4.1 279 20.2
1.1 2.5 255 17.4 9.43 292 1.4 3.3 259 18.9
1.8 3.0 264 18.5 9.62 294 2.5 3.6 268 20.0
1.2 1.1 260 17.6 9.39 302 1.3 2.6 261 20.0
3.1 3.5 250 15.6 9.34 270 1.1 4.4 251 17.6

6.3 4.8 283 21.7 11.32 342 5.9 6.8 286 24.0
0.2 0.4 230 14.2 8.65 242 0.0 1.2 228 16.5

ns ns 4 0.4 0.43 5 ns ns 4 0.5
1.6 1.6 6 0.6 0.61 7 ns 1.4 5 0.7
3.2 ns 11 1.3 1.20 13 ns 2.8 11 1.3

165.1 89.5 3.8 4.0 8.0 4.0 144.7 84.9 3.5 3.3

~"RL = root lodging.
~:SL = stalk lodging.
§ PHT = plant height.
¶ MS = days after 30 June to mid-silk.
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Table 3. Phenotypic correlation coefficients (n = 24) among grain and forage agronomic traits for So.2 maize families.

Stover Whole-plant
Grain

moisture RL~ SL~ PHT§ MS¶ Yield Moisture Yield Moisture %Ear ML#

Grain

Stover

Whole-plant

Yield - 0.22 0.09 0.17 0.20 - 0.28 - 0.02 0.04 0.15 - 0.13 0.33 - 0.22
Moisture -0.44* -0.21 0.39 0.77** 0.73** 0.80** 0.65** 0.83** -0.39 0.73**
RL 0.50* -0.12 -0.51" -0.39 -0.47* -0.37 -0.52** 0.18 -0.47*
SL -0.10 -0.29 -0.26 -0.23 -0.26 -0.32 0.01 -0.35
PHT 0.46* 0.73** 0.37 0.68** 0.42* -0.31 0.43*
MS 0.78** 0.81"* 0.65** 0.93** - 0.56** 0.88**

Yield 0.78** 0.90** 0.77** - 0.56** 0.73**
Moisture 0.75** 0.94** - 0.36 0.79**

Yield 0.68** -0.16 0.56**
Moisture - 0.45* 0.89**
%Ear -0.62**

* ** significant at 0.05 and 0.01 probability levels, respectively.
~"RL = percent root lodging.
~ SL = percent stalk lodging.
§ PHT = plant height.
¶ MS = days after 30 June to mid-silk.
# ML = kernel milk-line.

for both stover and whole-plant forage in all trials (Ta-
bles 5 and 6). Stover moisture content, however, was
not consistently higher than WFISIHI. Populations WFI-
SIHI and WFISILO had similar whole-plant yields, while
WFISILO had the lowest stover yields and forage mois-
ture contents. However, WFISILO was not consistently
lower than WFISIHI for stover yield.

In all trials, either subpopulation BS9-hi or BS9-1o had
the highest yields and moisture contents for both whole-
plant and stover forages. They were not consistently higher
than each other or other subpopulations. Across all trials,
WFISILO-Io and WFISIHI-hi generally had lower yields
and moisture contents than other subpopulations.

Population WFISILO had the highest percent ear in
both trials, and subpopulation WFISILO-lo had highest
among subpopulations. Neither WFISILO or WlFISILO-
1o were consistently higher than BS9 or BS9-hi and WFI-

SILO-hi, however. Results for milk-line ratings gener-
ally reflect differences observed for other maturity-related
traits such as grain and forage moisture contents and
mid-silk date.

Nearly all correlations among forage traits were highly
significant (Tables 3 and 4). AS expected, stover yield
and moisture were correlated with whole-plant yield and
moisture. High stover and whole-plant yields were as-
sociated with late-maturing genotypes as measured by
milk line. Percent ear was negatively correlated with
stover yield and milk-line rating, indicating that the later
maturing families produced more stover than ear.

Relationships between Grain and Forage Traits

In both the FR23 and LH74 trials, grain yield was
correlated with stover and whole-plant yields (Table 4).

Table 4. Phenotypic correlation coefficients (n = 24) among grain and forage agronomic traits for FR23 maize testcrosses (above
diagonal) and LH74 testcrosses (below diagonal).

Grain Stover Whole-plant

Yield Moisture RL’~ SLS~ PHT§ MS¶ Yield Moisture Yield Moisture %Ear ML#

Grain
Yield 0.23 - 0.08 0.06 0.52**
Moisture 0.48* -0.14 -0.35 0.36
RL 0.10 -0.02 -0.10 -0.03
SL 0.21 -0.03 0.31 -0.13
PHT 0.63** 0.48* 0.27 0.12
MS 0.53** 0.81"* 0.01 -0.11 0.62**

Stover
Yield 0.46* 0.63** 0.07 - 0.20 0.62**
Moisture 0.68** 0.74** 0.23 0.05 0.73**

Whole-plant
Yield 0.54** 0.65** -0.04 -0.18 0.65**
Moisture 0.61"* 0.79** 0.23 0.02 0.77**
%Ear -0.23 -0.36 -0.16 0.11 -0.34
ML 0.52** 0.82** -0.04 -0.08 0.52**

0.64** 0.53** 0.56** 0.65** 0.51" -0.11 0.49**
0.60** 0.55** 0.58** 0.51" 0.68** -0.38 0.73**

-0.12 -0.06 -0.12 0.14 -0.11 0.35 -0,09
- 0.16 - 0.24 - 0.09 - 0.20 - 0.20 0.21 - 0.23

0.73** 0.87** 0.58** 0.81"* 0.69** -0.59** 0.61"*
0.87** 0.72** 0.83** 0.83** - 0.57** 0.78**

0.75** 0.73** 0.89** 0.83** -0.73** 0.74**
0.70** 0.68** 0.73** 0.94** -0.46* 0.75**

0.77** 0.85** 0.63** 0.80** -0.35 0.69**
0.83** 0.83** 0.93** 0.78** -0.56** 0.85**

-0.42* -0.78** -0.49* -0.33 -0.56** -0.49*
0.79** 0.58** 0.68** 0.66** 0.74** -0.27

*, ** significant at 0.05 and 0.01 probability levels respectively.
~- RL = percent root lodging.
~ SL = percent stalk lodging.
§ PHT = plant height.
¶ MS = days after 30 June to mid-silk.
# ML = kernel milk-line.
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Table 5. Mean values of agronomic traits from maize forage
trials for populations and subpopulations of So.2 families
averaged across three environments. The range among 24
So.2 families is also shown.

Stover Whole-plant
Milk-

YieldS" Moisture Yield Moisture Ear line~

Population

Mgha-I gkg-i Mgha-~ gkg-~ %

BS9 7.25 727 12.88 698 43.8 3.0
WFISIHI 5.72 696 10.08 662 42.3 2.7
WFISILO 5.34 682 10.56 627 48.4 2.2

Subpopulation ~

BS9-hi 6.98 740 12.68 712 44.4 2.9
BS9-1o 7.37 714 13.07 683 43.2 3.0
WFISIHI-hi 5.21 680 8.88 640 40.4 2.6
WFISIHI-Io 6.24 712 11.29 685 44.2 2.7
WFISILO-hi 5.64 689 10.97 655 47.2 2.7
WFISILO-Io 5.04 675 10.15 599 49.6 1.6

Range among families

high 8.80 761 14.80 746 58.6 3.4
oI6"ff- 3.92 632 8.18 562 34.5 1.1

LSD (0.05)
populations 0.28 12 0.75 11 3.1 0.3
subpopulations 0.40 17 1.05 16 4.4 0.4
families 0.82 35 2.17 33 9.0 0.9
CV% 13.5 3.1 13.1 3.1 19.6 18.5

Yield = stover and whole-plant yields recorded as Mg ha-1 on a dry
matter basis.
Kernel milk-line recorded on a 4 to 0 scale, with 4 indicating early
dent stage and 0 indicating black layer formation. Ratings of 3, 2,
and 1 indicate the position of the milk-line as 3/4, 1/2, and 1/4 of the
way from base to tip.

Allen et al. (1991) and Vattikonda and Hunter (1983)
reported similar correlations of approximately r = 0.5
for grain yield with whole-plant yield. Grain yield, how-
ever, was not correlated with any forage trait in the So.2
family trial (Table 3).

In all trials, the correlation of stover yield with whole-
plant yield was greater than grain yield with whole-plant
yield. Ear percentage was not associated with grain yield,
but was negatively associated with stover yield. In this
germplasm, therefore, variation in whole-plant yield and
ear percentage may be more strongly associated with
stover yield than grain yield.

Mid-silk dates were correlated with all forage traits in
both testcross and So.2 trials and reflected the influence
of maturity on dry matter accumulation and seed devel-
opment. This supports previously mentioned correlations
with milk line; i.e., later-flowering genotypes generally
had greater dry matter yields and moisture for both stover
and whole-plant. Similar associations were observed be-
tween plant height and forage traits.

Relationships between Agronomic Traits and
Forage Composition

In testcross trials, grain yield was not correlated with
any forage component except whole-plant crude protein
in the FR23 trial (Table 7). These results are similar 
those of Allen et al., (1991), who did not observe rela-
tionships between grain yield and whole-plant compo-
sition. Vattikonda and Hunter (1983) found only a weak
relationship between grain yield and whole-plant digest-
ibility (approximately r = 0.4). They also observed that
grain yield and stover digestibility were unrelated.

Percent ear was, however, correlated with whole-plant

Table 6. Mean values of agronomic traits from maize forage trials, for populations and subpopulations of FR23 and LH74 testcrosses
averaged across three environments. Ranges among 24 FR23 and 24 LH74 testcrosses are also shown.

FR23 testcrosses LH74 testcrosses

Stover Whole-plant Stover Whole-plant

Yieid’~ Moisture Yield Moisture Ear Milk-line~ Yield Moisture Yield Moisture Ear Milk-line

Mgha -~ gkg -I Mgha-~ gkg-~ % Mgha -1 gkg -~ Mgha-~ gkg-~ %

Population ~

BS9 8.08 758 18.82 660 57.0 2.2 9.72 749 20.78 661 52.8 2.3
WFISIHI 7.71 753 17.20 653 55.0 1.8 8.69 734 18.63 638 53.2 1.9
WFISILO 7.32 740 17.24 632 57.4 1.5 8.50 724 19.24 624 55.6 1.6

Subpopulation ~

BS9-hi 7.97 756 18.91 659 57.9 2.2 9.25 749 20.61 660 54.9 2.4
BS9-1o 8.20 760 18.74 661 56.1 2.2 10.18 748 20.95 663 50.6 2.2
WFISIHI-hi 7.39 752 16.55 651 55.2 2.0 8.23 731 18.31 630 54.9 2.1
WFISIHI-Io 8.02 753 17.85 656 54.8 1.7 9.15 738 18.94 646 51.5 1.7
WFISILO-hi 7.81 747 17.87 648 55.9 1.8 9.18 730 20.26 637 54.4 1.9
WFISILO-io 6.83 733 16.61 617 58.9 1.2 7.83 717 18.23 611 56.8 1.2

Range among testcrosses

high 9.21 773 20.56 679 61.2 3.0 11.46 757 22.74 674 59.1 2.9
~ 5.48 713 14.19 586 52.4 0.6 7.28 705 17.17 587 47.8 1.0

LSD (0.05)
populations 0.30 6 0.50 6 1.9 0.2 0.34 6 0.71 6 1.9 0.2
subpopulations 0.43 8 0.70 9 2.7 0.2 0.48 8 1.00 8 2.7 0.3
testcrosses 0.85 16 1.40 17 ns 0.4 0.97 16 2.00 17 5.5 0.5
CV% 8.5 2.0 7.3 2.8 8.1 24.9 9.70 1.9 9.20 2.5 10.7 21.1

Yield -- stover and whole-plant yields recorded as Mg ha-~ on a dry matter basis.
Kernel milk-line recorded on a 4 to 0 scale, with 4 indicating early dent stage and 0 indicating black layer formation. Ratings
indicate the position of the milk-line as 3/4, 1/2, and 1/4 of the way from base to tip.

of 3, 2, and 1



1364 CROP SCIENCE, VOL. 33, NOVEMBER-DECEMBER 1993

Table 7. Phenotypic correlation coefficients (n = 24) among tissue composition traits and agronomic traits from maize grain and
forage trials for So.2 families, and FR23 and LH74 testerosses.

Grain Stover Whole-plant

Yield Moisture RLt SLY: PHT§ MS¶ Yield Moisture Yield Moisture %Ear Milk-line

So.2

Stover
NDF# 0.15 -0.60** 0.12 0.22 -0.49* -0.34 -0.60** -0.43* -0.51" -0.41" 0.31 -0.35
ADF~"~ 0.00 -0.57** 0.23 0.21 -0.57** -0.32 -0.65** -0.41" -0.63** -0.39 0.21 -0.33
Lignin -0.26 -0.18 -0.11 -0.07 -0.49* 0.00 -0.34 -0.11 -0.55** -0.05 -0.31 0.08
IVTD~t 0.23 0.23 0.17 0.04 0.60** -0.02 0.43* 0.12 0.50* 0.04 0.06 -0.07
CP§§ -0.57** 0.38 -0.23 -0.02 -0.41’ 0.38 0.05 0.28 -0.19 0.37 -0.47* 0.36
CWD¶¶ 0.42* -0.06 0.29 0.20 0.52** -0.23 0.22 -0.11 0.38 -0.20 0.28 -0.32

Whole-plant
NDF -0.78** 0.28 -0.22 -0.19 -0.05 0.54** 0.24 0.21 0.02 0.41" -0.57** 0.56**

ADF -0.79** 0.20 -0.13 -0.12 -0.13 0.49* 0.14 0.15 -0.13 0.34 -0.61"* 0.50*
Lignin -0.55* 0.21 -0.29 -0.18 -0.19 0.49* 0.09 0.24 -0.20 0.40 -0.61"* 0.56**
IVTD 0.68** -0.42* 0.37 0.37 -0.03 -0.64** -0.36 -0.41’ -0.08 -0.58** 0.69** -0.71"*
CP -0.28 0.45* -0.16 0.01 -0.06 0.45* 0.18 0.38 -0.05 0.49* -0.45** 0.45*
CWD 0.46* -0.48* 0.43* 0.46* -0.09 -0.61"* -0.40 -0.51" -0.12 -0.63** 0.65** -0.71"*

FR23
Stover

NDF - 0.12 0.06 - 0.20 - 0.05 - 0.32 - 0.15 - 0.36 - 0.09 - 0.38 - 0.10 0.13 - 0.07
ADF - 0.19 0.08 - 0.36 - 0.02 - 0.27 - 0.16 - 0.34 - 0.10 - 0.44* - 0.11 0.02 - 0.14
Lignin 0.04 0.24 -0.49* -0.18 0.34 0.24 0.23 0.10 0.01 0.23 -0.47* 0.28
IVTD -0.03 -0.20 0.30 0.05 0.17 -0.02 0.20 -0.11 0.27 -0.11 0.04 -0.09
CP 0.32 0.38 0.20 -0.22 -0.10 0.24 0.1.3 0.53** 0.25 0.41" 0.07 0.40
CWD -0.17 -0.24 0.29 0.04 -0.02 -0.14 0.01 -0.25 0.10 -0.24 0.17 -0.18

Whole-plant
NDF -0.18 0.57** -0.11 -0.40 0.35 0.42* 0.53** 0.35 0.30 0.53** -0.67** 0.48*
ADF -0.23 0.49* -0.10 -0.33 0.38 0.35 0.48* 0.29 0.26 0.47* -0.63** 0.44*
Lignin - 0.08 0.34 - 0.35 - 0.40 0.47* 0.36 0.47* 0.40 0.23 0.48* - 0.68** 0.41"
IVTD - 0.03 - 0.44* 0.32 0.34 - 0.14 - 0.33 - 0.28 - 0.44* - 0.08 - 0.51 * 0.50* - 0.38
CP -0.44* 0.16 0.08 -0.10 0.04 0.02 0.09 0.19 -0.01 0:21 -0.24 0.12
CWD -0.22 -0.03 0.32 0.07 0.15 -0.03 0.15 -0.24 0.19 -0.15 0.01 -0.05

LH74
Stover

NDF -0.01 -0.16 0.11 0.29 -0.06 -0.18 -0.61"* -0.11 -0.52** -0.26 0.46* 0.04
ADF -0.01 -0.16 0.16 0.28 0.04 -0.17 -0.56** -0.08 -0.46* -0.23 0.44* 0.03
Lignin -0.08 -0.05 0.12 0.03 0.14 -0.06 -0.31 0.17 -0.32 0.01 0.18 0.14
IVTD 0.02 0.05 - 0.09 - 0.19 - 0.09 0.08 0.43 * - 0.05 0.33 0.11 - 0.35 - 0.17
CP - 0.03 0.45 * - 0.30 - 0.38 - 0.27 0.31 0.34 0.24 0.28 0.25 - 0.28 0.35
CWD 0.02 - 0.08 - 0.03 - 0.01 - 0.25 - 0.05 0.06 - 0.22 0.00 - 0.10 - 0.09 - 0.27

Whole-plant
NDF -0.28 0.36 0.01 -0.16 0.17 0.43* 0.40 0.19 0.27 0.37 -0.39 0.34
ADF - 0.24 0.33 0.04 - 0.09 0.22 0.44* 0.40 0.20 0.30 0.37 - 0.37 0.32
Lignin -0.31 -0.07 0.13 -0.12 0.14 0.05 0.21 0.04 0.08 0.12 -0.31 0.04
IVTD - 0.02 - 0.46* - 0.07 0.20 - 0.27 - 0.50* - 0.48* - 0.54** - 0.36 - 0.56"* 0.43* - 0.59"*
CP -0.11 0.16 -0.08 -0.13 -0.09 0.10 0.33 0.12 0.22 0.18 -0.32 0.19
CWD -0.35 -0.24 -0.08 0.11 -0.19 -0.21 -0.23 -0.52** -0.21 -0.36 0.15 -0.43**

*, ** significant at the 0.05 and 0.01 probability levels respectively.
~- RL = percent root lodging.
~ SL = percent stalk lodging.
§ PHT = plant height.
¶ MS = days after 30 June to mid-silk.

IVTD in both testcrosses, but was not correlated with
stover and whole-plant CWD. Deinum and Bakker (1981),
found a weak relationship between percent ear and whole-
plant digestibility (approximately r = 0.5). Allen et al.
(1991) observed a strong relationship between grain con-
tent and whole-plant digestibility (r = 0.8), but no re-
lationship between grain content and whole-plant CWD.

Unlike testcross trials, So.2 grain yield was correlated
with all cell wall components of the whole plant. Grain
yield of So.2 families was also positively correlated with
whole-plant IVTD and CWD. As in the testcrosses, per-
cent ear was correlated with whole-plant IVTD, but also
correlated with all other whole-plant traits. Differences
between So.2 and testcross trials for these correlations is
likely the result of greater variation for grain yield and
percent ear in the partially inbred So.2 families. In par-

# NDF = neutral detergent fiber.
~’~" ADF = acid detergent fiber.
~ IVTD = in vitro true digestibility.
§§ CP = crude protein.
¶¶ CWD = cell wall digestibility.

ticular, populations WFISIHI and WFISILO have fairly
severe inbreeding depression for grain yield. Percent ear
for So.2 families ranged from 34 to 59%, while the test-
crosses ranged from 52 to 68% for the FR23 trials and
48 to 59% for the LH74 trials (Tables 5 and 6). Those
So.2 families with 34% ear were primarily stover and cob
with very little grain.

In all trials, whole-plant yield was negatively corre-
lated with one or more cell wall components of the stover,
but it was not associated with cell wall components of
the whole plant (Table 7). Whole-plant yield was not
correlated with either IVTD or CWD on a stover or whole-
plant basis. Stover yield was negatively associated with
whole-plant IVTD, in LH74 testcrosses. In the FR23
trial, stover yield was positively associated with cell wall
components of the whole plant. These observations sup-



WOLF ET AL.: EVALUATION OF HIGH-FIBER MAIZE 1365

port the theory that both stover quantity and quality are
important factors influencing whole-plant nutritional
quality.

In the LH74 and S0 2 trial, stover yield was negatively
associated with stover NDF and ADF, and positively
associated with stover IVTD. This indicates that geno-
types with higher stover yields had greater stover IVTD
and lower NDF and ADF. This was not true, however,
on a whole-plant basis. Those genotypes with higher stover
yields tended to have lower whole-plant IVTD, partic-
ularly in the LH74 trial. A possible explanation for these
observations is that differences in maturity influenced
yield and quality relationships.

Maturity-related traits (milk-line rating, moisture con-
tents of grain, whole plant or stover, and mid-silk date)
tended to be negatively correlated with whole-plant IVTD
and CWD. Therefore, later-maturing genotypes had lower
whole-plant digestibilities. These relationships were most
apparent in LH74 testcrosses and S0_2 families. These
sort of associations have not been observed in previous
studies (Daynard and Hunter, 1975; Vattikonda and
Hunter, 1983). The range in maturity, particularly in the
S0 2 trial, coupled with the fact that all plots within a
trial were sampled on a single harvest date, may have
confounded stage of physiological development with
measures of digestibility. For example, a late-maturing
S0 2 family may have an exaggerated proportion of stover
relative to grain, and hence, reduced whole-plant di-
gestibility. Based on other correlations, however, the
effect of relative maturity does not appear to have been
large in these trials. Stover digestibility typically de-
creases as a maize plant matures (Wiersma et al., 1992;
Daynard and Hunter, 1975; Hunt et al., 1989), but
there were no significant correlations between any ma-
turity-related trait and either stover IVTD or CWD in
any trial.

Root lodging and stalk lodging were not consistently
correlated with any trait. In particular, the lack of cor-
relation between either root lodging or stalk lodging with
stover components such as NDF, ADF, and lignin in-
dicates that quality improvements can likely be realized
without sacrificing resistance to lodging. Similar results
were reported by Albrecht et al., (1986) and Lourenco
et al., (1986).

Within the germplasm studied, whole-plant digesti-
bility and cell wall composition had stronger associations
with ear percentage and stover yield, than with grain
yield. Ear percentage was associated with stover yield,
but not grain yield. We reported in our companion paper
(Wolf et al., 1993, this issue) that within this germ-
plasm, stover nutritional quality had strong associations
with whole-plant nutritional quality. Therefore, both stover
quality and quantity are important factors influencing
whole-plant nutritional quality. Increasing grain yield may
not lead to increased whole-plant nutritional quality. While
grain normally contributes 50% or more to whole-plant
yield and thus markedly influences digestibility, the
amount of relatively-less-digestible stover may negate
quality improvements attributable to high grain yields.
Based on the wide range in quality attributes measured
among genotypes in this study, it seems likely that im-
provements in whole-plant nutritional quality may be
achieved by improving stover digestibility without sac-
rificing grain yield.
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