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CHAPTER I

THE INFLUENCE OF
PLANTING DATE, TRRIGATION, ROW WIDTH AND GROWTH HABIT

ON AGRONOMIC PERFORMANCE OF TWENTY SOYBEAN GENOTYPES



INTRODUCTION

Soybeans are grown in different production systems in Kansas. Row
widths vary from approximately 18 to 76 centimeters. Conventional
planting dates occur in late May with planting dates for soybeans grown
as a double crop ranging from late June to mid July. Soybeans are also
grown with or without supplemental irrigation. Within each of these
production systems or with a combination of these practices, differences
in varietal response may exist.

In several instances researchers have found a yield advantage when
reducing row spacings to less than 50 em (6, 7, 4, 13, 14). Gilman (10)
however, found yields to be higher at the intermediate spacing (76 cm)
when compared to 25, 50 and 101 cm spacings. Genotype x row spacing
interactions have been significant in some studies (4, 17, 15) and not
significant in others (6, 10). From the conflicting reports it may be
assumed that environmental conditions play a key role in yield response
to narrow rows (12). Several studies have examined the effect of
planting date on soybean seed yleld and most researchers agreed that a
delay in planting reduces yield, however, not all genotypes respond the
same, Carter (3) reported that early maturing varieties suffered less
yield reduction than did late maturing varieties when planting was
delayed two weeks. Planting date =x variety interactions were also
reported by Cooper (5), Carter (4) and Gilman (Qj-

Williams (18) and Smith (16) testing determinate soybeans and Costa
(7) and Cooper (6) when testing indeterminate types found an increase in
yield at the narrower row spacings.

It has been postulated that yield of indeterminate soybean types

may be reduced due to competition between vegetative and reproductive



growth but that this extended flowering period may result in more total
photosynthate production and thus compensate for this competition (8).
With this information in mind, the type of growth habit may play a role
in the genotype x production system response.

This experiment was conducted to better define the magnitude of
genotype by production system interactions and determine what changes in
a breeding program might be necessitated by their existence. This is of
special importance to the soybean breeder interested in developing
lines, wheﬁher determinate or indeterminate, for particular production

system needs.



MATERIALS AND METHODS

The experiment was conducted at the Ashland Agronomy Research Farm
in Manhattan, Kansas in 1980 and 1981. 1In 1980, the soybean plots were
planted in a Muir silt loam soil classified as a Pachic Haplustoell,
fine-silty, mixed, mesic. No fertilizer was applied. In early May,
prior to planting, approximately 2.47 1liters/ha of Trifluralin were
applied and at planting 3.36 kg/ha of Chloramben (3-amino-2,
5-dichlorobenzoic acid) were applied. In 1981, the study was planted in
an Budora silt loam soil classified as a Fluventie Hapludoll, coarse-
silty, mixed, mesic. Approximately 111 kg/ha of 18-46-0 fertilizer was
applied late in April. At mid-April 2.47 liters/ha of Trifluralin were
applied and at planting 3.36 kg/ha of Chloramben were applied. Total
average montly rainfall from May to September in 1980 was below normal
for each month and throughout the season. In 1981, however, monthly
rainfall averages were above normal in May, June and July, one cm below
normal in August, and 6.6 cm below normal in September. Average monthly
and average maximum and minimum temperatures were above normal from June
to September in 1980, Average temperatures in 1981 for the same period,
were near or below normal temperatures (Appendix Table A-1).

The experimental design of this study was a split-split-plot with
irrigation and dates as whole plots, row widths as sub-plots and
genotypes as sub=sub-plots. There were two planting dates (1980; May 25
and June 30, 1981; May 21, and July 1) and two irrigation treatments (an
irrigated treatment and a dryland treatment). There were two row
widths, wide rows (76 cm) and narrow rows (25 cm). Twenty genotypes
consisting of fourteen cultivars and six experimental lines were chosen

to represent both determinate and indeterminate growth habits from



maturity groups III, IV and V (Table 1.1). Maturity group IV was
further divided into early maturity group IV's (IV-E) and late maturity

group IV's (IV-L) for analysis.

Table 1.1. Twenty soybean genotypes categorized by
growth habit and maturity group.

MGIII MGIV-E MGIV-L MGV
Indeterminates
Calland Cutler T1 Crawford
Cumberland DeSoto Douglas
Williams 79 C1573
Determinates
Hobbit Pixie VT6-482 Essex
K=T4-108 K1049 V76-398 Dare
Elf K1048 Forrest
Bedford

The narrow row plots consisted of ten rows 5.8 meters long with
plant populations of 60,362 plants/hectare with the center six rows
machine harvested for seed yield. The wide row plots consisted of four
rows of each genotype 5.8 meters long with plant populations of 50,331
plants/hectare and the two center rows machine harvested for seed yield.
Harvest row length was 4.3 meters in both 76 and 25 ecm spacings.
Agronomic data recorded, including seed yield, consisted of date of
maturity (date when 95% of the pods have ripened or turned brown),
lodging (as a score of from one to five, 1 = all plants erect, 5 = all
plants prostrate), and plant height in cm.

The data were analyzed by maturity group for individual years and a
combined analysis over years (Appendix Tables A-2 - A-5) using an

analysis of variance procedure with yield, maturity, lodging, and height



as dependent variables and genotypes, row widths, irrigation, and

planting date, and their interactions as independent variables.



RESULTS AND DISCUSSION

Years

Years were significantly different for yield, maturity, and lodging
in all maturity groups and for plant height in maturity group IV-L
(Table 1.2). Yields were significantly higher in 1981 than in 1980 with
yields in 1980 reaching only 53 to 61% of the 1981 yields. Maturity
dates differed by one or two days across years. In maturity group III
dates of maturity averaged two days later in 1980 than in 1981, In
maturity group IV-E, however, maturity dates were approximately one day
earlier in 1980, as compared to 1981, Lodging scores were significantly
higher in 1981 in all maturity groups due to growing conditions being
much improved over 1980. Plants tended to be taller in 1981 in all
maturity groups, but only significantly so in maturity group IV-L.

In general, in 1981, with improved climatic conditions, plants were

taller, lodging scores were greater and yields were improved.

Row Width

No significant row width or variety by row width response existed
for yield, maturity, or height in any of the maturity groups tested. A
significant variety by row width response was seen for lodging scores in
maturity group IV-E only. In this maturity group, lodging scores across
row widths were not significantly different for any genotypes. The
interaction comes from the difference in response of the indeterminates,
DeSoto and Cutler 71 which had higher lodging scores in the narrow rows,
and the determinates, Pixie and K1049. Pixie had the same score in both

row spacings and K1049 showed an increase in lodging in the wide rows.



Table 1.2. Seed yield, plant maturity, lodging scores, and plant
height of 20 soybean genotypes across years.

Maturity Maturity Maturity Maturity
Year Group III Group IV-E Group IV-L Group V
YIELD
kg/ha
1980 2923*a¥ 2923a 2863a 2211a
1981 1788b 1788b 1559b 1176b
MATURITY
month/day
1980 10/1a 10/3b
1981 9/29b 10/4a
LODGING
score
1980 1.3a 1.4a 1.8a 2.6a
1981 1.6b 1.6b 2.3b 3.1
HEIGHT
cm
1980 69a 75a 85a 96a
1981 71b 80b 92b 97a

*Means are averaged over two planting dates, two row widths, and two
irrigation treatments.

*Means within a column followed by the same letter are not significantly
different at the 0.05 level of probability.



The year by row width interaction was significant for yield in
maturity group IV-E; the average yield of wide row plots was greater
than that of narrow row plots in 1980 and the opposite was true in 1981.
This year by row width interaction was also significant for maturity in
maturity group III. In 1980, the row width effect was not significant
for maturity but was in 1981 with the narrow row plots less than one day
later in maturity date than the wide row plots.

For lodging scores, the year by row width interaction was
significant in maturity groups III and IV-E., In maturity group III, in
both 1980 and 1981, lodging scores across row widths were significantly
different. However, in 1980, lodging was significantly greater in the
wide rows than the narrow rows and in 1981, the opposite was true. No

significant year by row width interaction was seen for plant height.

Planting Dates

In the two-year analysis, planting dates were significant for
vield, maturity, lodging and height in all maturity groups. Yields were
consistently larger in the first planting date with yield reductions of
21, 21, 20, and 42% in maturity groups III, IV-E, IV-L, and V,
respectively. Maturity dates were delayed approximately 16 days in
maturity groups III and IV-E, which represents a one day delay in
maturity for every two days planting was delayed. Maturity dates for
the late group IV and group V genotypes were not included in the
analyses because of frost occurring October 12, 1980 and October 19,
1981, Lodging scores decreased significantly in the late planted
material in maturity groups III, IV-L and V. In maturity group IV-E,
the same trend existed, with higher lodging scores at the early date of

planting but the averages across dates were not significantly different.
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The widest range in lodging scores was seen to exist in the later
maturity groups, IV-L and V. Plant height was significantly reduced
when planting was delayed which accounted for the lower lodging socres.
This reduction in plant height was significant in all maturity groups
with the largest range again in the later maturity groups, IV-L and V.

In general, delaying planting approximately five weeks caused a
reduction in yield of from 20 to 40%, a two week delay in maturity, a

decrease in the amount of lodging and reduced plant heights.

Year x Planting Date

A year by planting date interaction was significant for yield,
maturity, and plant height in all maturity groups and for lodging in
maturity groups IV-L and V (Table 1.3). The greatest differences in
yield between dates were seen in 1981 when conditions were more
condusive to high yields., This is further emphasized by the fact that
in maturity group IV-L in 1980 yield was not significantly reduced by a
delay in planting. In both years, maturity date was delayed with a
delayed planting date, however, in 1980 in both maturity group III and
IV-E, maturity date was delayed 15 days and in 1981 the delay was 18 and
19 days in maturity groups III and IV-E, respectively. The planting
dates were not the same for both years. In 1981, plots were planted
four days earlier and one day later than plots planted in 1980. This
would explain the earlier maturity date of the material planted at the
conventional or early planting in 1981 and the slightly later maturity
of the delayed planting in the same year. Only in maturity groups IV-L
and V was the year by date interaction significant for lodging. A
greater difference in lodging scores between the early and late

plantings was observed in 1981 than in 1980. Plant height responded in



Table 1.3.

11

Seed yield, plant maturity, lodging scores, and plant height
of 20 soybean genotypes across planting dates, within years.

Planting Maturity Maturity Maturity Maturity
Date Group III Group IV-E Group IV-L Group V
YIELD
1980 kg/ha
Early 1935a* 1902a 1734a 1519a
Late 1646b 1539b 1384b 840b
1981
Early 3333a 3279a 3192a 2775a
Late 2520b 256Tb 2540b 1646b
MATURITY
month/da
1980 7
Early 9/23a 9/25a
Late 10/8b 10/10b
1981
Early 9/20a 9/24a
Late 10/8b 10/13b
LODGING
score
1980 d
Early 1.4a .5a 2.1a 2.7a
Late 1.3b 1.4b .5b 2.5b
1981
Early .Ba 1.8a 2.9a 3.6a
Late 1.5b 1.5b 1.8b 2.7b
HEIGHT
1980 2
Early T1a 80a 92a 102a
Late 66b 70b 78b 89a
1981
Early 82a 90a 107a 111a
Late 61b 69b T7b 84p

*Means across planting dates within a year, followed by the same letter
are not significantly different at the 0.05 level of probability.
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much the same way as did lodging. The range of plant heights between
planting dates in 1980 was less than in 1981.

The differences in climatic conditions in 1980 and 1981 were enough
to cause a significant year by date interaction. In 1980, plants were
under both moisture and heat stress. This stress reduced the
differences caused by delaying planting for seed yield, lodging, and
plant height. Maturity date differences were affected more by the
differences in planting dates of the two years than by planting dates

within a year.

Irrigation

Irrigation treatment was significant in the two-year analysis in
all maturity groups for yield, maturity, and plant height and in
maturity groups III, IV-L and V for lodging (Table 1.4). Seed yields
were reduced approximately 20% when grown under non-irrrigated
conditions. This reduction occurred in all maturity groups. Maturity
date was delayed approximately two days when plots were irrigated, a
small but significant delay. In all maturity groups lodging scores were
larger when plots were irrigated with the greatest increase in MGIV-L
and MGV, This increase was accompanied by a significant increase in
plant height under irrigation. It should be noted that these later
maturity groups, IV-L and V, which showed the greatest lodging response
to irrigated conditions, were also the tallest plants and had the lowest
yields.

Irrigation is used to decrease plant moisture stress, however,
during rapid vegetative growth excess moisture can prove to be
detrimental to yield. In the case of later maturing genotypes, if early

lodging problems are encountered (6), this vegetative growth continues
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Table 1.4. Seed yield, plant maturity, lodging scores, and plant height
of 20 soybean genotypes across irrigation treatments.

Irrigation Maturity Maturity Maturity Maturity
Treatment Group III Group IV-E Group IV-L Group V
YIELD
kg/ha
Irrigated 2621%a¥ 2607a 2439a 1902a
Non-irrigated 2090Db 2036b 1982b 1485b
MATURITY
month/day
Irrigated 10/1a 10/4a
Non=-irrigated 9/29b 10/2b
LODGING
score
Irrigated 1.6a 1.6a 2.3a 3.4a
Non-irrigated 1.4b 1.5a 1.9b 2.4p
HEIGHT
cm
Irrigated T3a 81a 93a 99a
Non-irrigated 67b 73b 83b 94a

*Means are averaged over two years, two planting dates, and two row
widths,

¥Means within a column followed by the same letter are not significantly
different at the 0.05 level of probability.
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for a longer time before the initiation of flowering. Here irrigation
applied to earlier genotypes may prove to be beneficial, and at the same

time detrimental to later maturing genotypes.

Year x Irrigation

A significant year by irrigation effect was seen to exist for
yield, maturity and lodging in all maturity groups and for height in
maturity group III (Table 1.5). In all cases where this interaction was
significant, the response to irrigation in 1980 was much greater than
the response in 1981. For example, yields under non-irrigated
conditions in 1980 were only approximately 60% of the yields of plots
under irrigation. In 1981, however, non-irrigated plots yielded from
88% (in maturity group IV-E) to 95% (in maturity group III) of their
irrigated counterparts. The differences in maturity dates between
irrigated and non-irrigated plots in 1980 were greater than the same
comparisons in 1981, Significant differences in lodging scores across
irrigation treatments existed in 1980 in all maturity groups. Only in
maturity group V, in 1981, were these differences significant. In
maturity group III, where the year by irrigation interacton was
significant for plant height, an 11.4 em difference across irrigation
treatments in 1980 existed and only a 1.5 cm difference existed in 1981.

The magnitude of the stress under non-irrigated conditions in 1980
was greater than the stress encountered under the same conditions in
1981, therefore causing a significant year by irrigation interaction.
The trend which existed for the significant irrigation effect also
exists in this year by irrigation effect with the difference in years
mainly being the degree of change within a maturity group across

irrigated and non-irrigated conditions for a given agronomic trait.
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Table 1.5. Seed yield, plant maturity, lodging scores, and height of
soybean genotypes within a maturity group, across irrigation
treatments, within a year.

Irrigation Maturity Maturity Maturity Maturity
Treatment Group III Group IV-E Group IV-L Group V
YIELD
1980 /e
Irrigated 2237a" 2123a 1915a 1512a
Non-irrigated 1344p 1323b 1202b 8U46b
1981
Irrigated 3003a 3097a 2970a 2291a
Non-irrigated 28422 2748b 2755b 2130a
MATURITY
month/day
1980
Irrigated 10/2a 10/4a
Non-irrigated 9/29b 10/1b
1981
Irrigated 9/29a 10/4a
Non-irrigated 9/2%9a 10/3b
LODGING
score
1980
Irrigated 1.5a 1.6a 2.3a 3.4a
Non-irrigated 1.1b 1.2b 1.4b 1.9b
1981
Irrigated 1.5a 1.6a 2.2a 3.4a
Non-irrigated 1.7Ta 1.7a 2.4a 2.9b
HEIGHT
cm
1980
Irrigated Tha 80a 93a 100a
Non-irrigated 63b 70b 77b 92b
1981
Irrigated T2a 82a 94a 99a
Non-irrigated T1a 78a 90a 95a

*Letters used to indicate significant differences within a year. Means
followed by the same letter are not significantly different at the .05
level of probability.



16

Date x Variety

A significant date by variety interaction in the two year analysis
was observed for yield in all four maturity divisions (Table 1.6a)
accompanied by a significant year by date by variety interaction in
maturity groups IV-E and IV-L (Table 1.6b). In maturity group III,
Hobbit, a variety with a determinate growth habit, moved up in yield
rank from fifth at the early planting date to first when planting was
delayed. This yield, however, was not significantly different from that
of Cumberland at the delayed planting date. Hobbit was the only
genotype within maturity group IIX which had yields which did not differ
significantly across planting dates. The rankings across planting dates
of the other genotypes showed little change. Yields in maturity group
V, at the late planting date, were influenced by a frost prior to
physiclogical maturity. Bedford, which matures latest of the four
varieties, had the greatest reduction in yield thus giving rise to a
date by variety interaction in maturity group V. A significant year by
date by variety interaction for yield occurred in maturity group IV-E.
In 1981, the date by variety interaction was not significant. The
relative yield of all genotypes was the same at both planting dates. In
1980, however, yields of the two determinate genotypes, Pixie and K1049,
did not differ significantly across planting dates and rose in yield
rank at the late planting date. Certain genotypes in maturity group
IV-L had yields from the delayed planting which were influenced by a
frost prior to physiological maturity. In both 1980 and 1981 the year
by date interaction was significant for late group IV genotypes,
however, the interaction in 1980 was not the same as that in 1981.

The two genotypes, Crawford and V76-398, in 1980 which were killed

by frost prior to physiological maturity were the only genotypes which
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had significantly lower yields in the late planting compared to the
early date. In 1981, yields were higher and yield reductions were
significant at the late planting date for all genotypes with the
exception of Crawford. It should be noted however, that this genotype
had the lowest yield at the conventional planting date. The rankings of
these genotypes across planting dates and across years differed 1little
with the exception of K1048 which ranked third and first across dates in
1980 and fifth and fifth across dates in 1981.

The difference in the magnitude of environmental stress in 1980 and
1981 was the apparent cause of the year by date by variety interaction.
Under more favorable growing conditions which existed in 1981, a larger
range in yields across planting dates resulted, as compared to the range
in 1980,

As stated earlier, an average delay of 16 days in maturity occurred
when planting was delayed from late May to early dJuly. Genotypic
responses to the delayed planting differed within a maturity group
(Table 1.7). A significant year by date by variety interaction existed
in both maturity group III and IV-E. In maturity group III, the short
determinate genotypes, Hobbit and E1lf, had the least delay in maturity
at the late planting date in both years. This trend was also seen in
maturity group IV-E, where Pixie, the short determinate in this maturity
group had the least delay in maturity across planting dates in both
years. The trend in this case is for the short determinates (E1f and
Hobbit in maturity group III and Pixie in maturity group IV-E) within a
maturity group to show less of a delay in maturity date than the taller
determinates or indeterminates when planting is delayed. The delays in

maturity across years differ due to differences in planting dates. In
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Table 1.7. Maturity dates for soybean genotypes in maturity groups III
and IV-E, across planting dates, within years.

MATURITY
Maturity 1980 1981
Genotype Group Early Late Delay Early Late Delay
month/day days month/day days
Cumberland III 9/22 10/08 16 * 9/20 10/06 16 ®
Calland ITT 9/19 10/11 22 # 9/16 10/10 24 *
Williams ITI 9/23 10/11 18 # 9/21 10/09 18 #
Hobbit JLL 9/25 10/05 10 # 9/19 10/06 17 *
KT4-108 III 9/25 10/10 15 * 9/22 10/10 18 ®
E1lf 111 9/26 10/05 g 9/23 10/09 16 *
LSD (.05) within columns 2 1
LSD (.05) between columns 2 1
Desoto IV-E 9/25 10/11 16 ® 9/25 10/13 18 *
Cutler T1 IV-E 9/25 10/10 15 # 9/23 10/13 20 ¥
Pixie IV-E 9/24 10/08 1y # 9/23 10/09 16 *
K1049 IV-E 9/27 10/12 15 * 9/26 10/16 20 #
LSD (.05) within columns 1 1
2 1

LSD (.05) between columns

¥Means across dates within a year are significantly different at the 0.05

level of probability.
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1981, plots were planted four days earlier and one day later, at the
early and late planting dates, respectively, than plots planted in 1980.
The date by variety interaction was significant for lodging in
maturity groups III, IV-E and IV-L (Table 1.8a). A year by date by
variety interaction was also significant for lodging score in maturity
group IV-E and V (Table 1.8b). All indeterminate genotypes decreased
significantly in lodging score at the late planting date. The later
maturing determinate genotypes, in maturity group IV-L and V, followed
the same trend for height and lodging as did the indeterminates. 1In
maturity group III, the date by variety interaction appears to be due to
the difference in 1lodging score response of the determinate and
indeterminate genotypes across planting dates. One determinate genotype
in maturity group IV-L, VT76-398, had no significant difference in
lodging score across planting dates. All other genotypes in this
maturity group had lodging scores which were reduced significantly when
planting was delayed. In maturity group IV-E, the variety by date
interaction was significant for lodging in both 1980 and 1981. In 1980
lodging scores for the Pixie short determinate, and K1049, the tall
determinate, were the same across planting dates. In 1981, however,
Pixie was the only genotype with lodging scores which did not change
across planting dates. Ranges in lodging across dates for the remaining
genotypes were greater in 1981 than in 1980. In both 1980 and 1981, all
genotypes in maturity group V, were killed by frost prior to
physiological maturity when planting was delayed. Essex, in 1980, was
the only genotype with significantly different lodging scores across
planting dates. All genotypes, in 1981, had significantly lower lodging
scores at the late planting with Bedford suffering the greatest

reduction. The greater response of Bedford is probably due to the fact
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Lodging scores for soybean genotypes across planting dates,
with scores representing two-year averages.

LODGING

Maturity Planting Date Maturity Planting Date
Group IIIX Group IV-L
Genotype Early Late Genotype Early Late

score score
Cumberland 2.0 1.4 # Crawford 3.1 1.9 * f*
Calland Bl 1.8 # Douglas 2.4 1.2 ® F
Williams 2.1 1.5 # C1573 2.6 1.7 *
Hobbit 1.0 1.0 V76-=482 3.0 2.0 % F
K74 - 108 1.2 1.6 # V76-398 2.1 1.8 F
Elf 1.0 1.0 K1048 1.8 1.2 ¥ F
LSD (.05) within columns o2 .
LSD (.05) between colums U i

* Means across planting dates, within a maturity group, are significant

at the 0.05 level of probability.

+,F indicates genotypes killed by frost prior to physiological maturity
in the second planting date.
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Table 1.8b. Lodging scores for soybean genotypes across planting dates,
with scores representing two-year averages.

LODGING

Maturity
Group IV-E 1980 1981
Genotype Early Late Early Late

score score
DeSoto 1.8 1.4 * 2,4 1.6 ®
Cutler 71 2.1 1.7 ® 2.5 1.8 #
Pixie 1.0 1.0 1.0 1.0
k1049 1.2 1.4 1.1 1.8 %
LSD (.05) within columns 0.4 0.3
LSD (.05) between columns 0.4 0.4
Maturity
Group V
Genotype
Essex 3.0 2.0 % F 2.9 2,3 # FH
Forrest 2.5 2.9 F 3.8 2.5 # F
Dare 2.3 2.2 F 3.8 3.2 # F
Bedford 3.2 3.1 F 4.0 2.8 # F
LSD (.05) within columns 0.4 0.5
LSD (.05) between columns 0.5 0.6

. Means across dates within a year are significantly different at the
0.05 level of probability.

+,F indictes genotypes killed by frost prior to physiological maturity
in the second planting date.
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that it has the latest maturity date of these four genotypes, and thus
was influenced the most by frost.

The year by date by variety interaction was significant for plant
height in all maturity groups (Table 1.9). In maturity group III,
Hobbit, a determinate genotype, was the only entry which increased in
plant height at the delayed planting date. This increase occurred in
both years, but was significant only in 1980. The indeterminate
genotypes (Cumberland, Calland, and Williams 79) were significantly
shorter when planting was delayed, in both years. The determinates,
K74-108 and E1f, showed no significant difference across dates in either
year., In maturity group IV-E the two indeterminate genotypes, DeSoto
and Cutler 71, were significantly shorter at the late planting date in
both years. Pixie, a short determinate, did not differ significantly
across dates in either year. However, K1049, a tall determinate,
decreased in plant height when planting was delayed in both years, but
not significantly in 1980. The two determinates in maturity group IV-L,
V76-482 and V76-398, in 1980, were the only genotypes which did not
decrease significantly in plant height when planting was delayed. In
1981, all genotypes were significantly shorter at the late date. In
maturity group V, all genotypes tended to have reduced plant heights at
the late planting date in both years. Only Essex and Dare in 1980, were
not significantly reduced. The plant height response seems to be
dependent upon growth habit, maturity group and environmental
conditions. In all cases, with less environmental stress in 1981, the
difference in plant height across dates was greater than was observed in
1980 when heat and moisture stress prevailed. The difference in plant
height response of the early and late maturity groups seems to be due to

the difference in length of the growing season prior to flowering. When
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Table 1.9. Plant heights for 20 soybean genotypes across planting
dates, within years.
PLANT HEIGHT
Maturity 1980 1981
Genotype Group Early Late Difference Early Late Difference
cm
Cumberland III 92 79 13 # 106 71 31 *
Calland III a7 86 11 # 120 T7 43 #
Williams IIT 98 83 15 # 116 75 4i #
Hobbit III 41 50 -9 % yy u8 -4
K74-108 ITI 56 59 3 64 5l 10
Elf IIT i1 4o 1 y2 40 2
LSD (.05) within columns 7 6
LSD (.05) between columns 7 11
Desoto IV-E 99 82 17 # 116 80 36
Cutler 71 IV-E 106 87 19 % 124 88 36 *
Pixie IV-E 43 41 2 4y 43 1
K1049 IV-E 71 69 2 T 65 12
LSD (.05) within columns 5 5
LSD (.05) between columns 7 10
Crawford IV-L 112 78 34 #* 131 92 39
Douglas 1V-L 98 81 17 # 17 80 37 *
C1573 IV-L 106 87 19 % 124 80 Yy *
V76-482 IV-L 76 75 1 90 71 19 %
V76-398 IV-L 81 T4 7 9y T2 22 #
K1048 IV-L 77 69 g # 88 62 26 #
LSD (.05) within columns 6 6
LSD (.05) between columns 8 13
Essex v 76 76 0 ql 76 18 #
Forrest v 105 90 15 * 109 85 2y #
Dare v 100 92 8 114 82 32 #
Bedford v 130 99 31 % 128 91 3T ®
LSD (.05) within colummns 8 7
LSD (.05) between columns 8 9

*¥ Means across dates within a year are significantly different at the

0.05 level of probability.
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planting is delayed, the earlier maturing genotypes r'each. their proper
photoperiod for flower initiation after a relatively short period of
vegetative growth. The later maturing genotypes have a longer period of
vegetative growth before the photoperiod for flower initiation is
reached due to the shorter photoperiod required.

The date by variety and year by date by variety interaction for
yield appears to be due to the difference in response of the
indeterminate and determinate genotypes to the delayed planting. Yields
of the determinate genotypes tended to change the least across planting
dates enabling them to move up in yield ranking at the late planting.
This move however, did not always place them in the highest position
which was dominated most often by indeterminate genotypes whose rank
changed very little if at all across planting dates. The only exception
to this was Pixie, in 1980, whose yleld at the delayed planting was
significantly higher than all other genotypes in maturity group IV-E,
Maturity responses of genotypes varied and were influenced by growth
habit. The short determinate genotypes showed the 1least delay in
maturity date at the late planting date, with the tall determinates and
indeterminates delayed by the greatest number of days when planting was
delayed. Differences in ranges in days delayed in 1980 and 1981 were
influenced by the differences in actual planting dates in each year.
Lodging and height responses were influenced by growth habit, maturity
group and environmental conditions. In the early maturity groups, III
and IV-E, the variety by date interaction for 1lodging score was
influenced primarily by differences in responses of short determinate
genotypes and indeterminate and tall determinate genotypes. The later
maturing genotypes, in maturity groups IV-L and V, with a longer time

period prior to flowering, showed greater reductions in lodging scores
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due to the killing frost prior to physiological maturity when planting
was delayed. Plant height responses of genotypes followed the same
trends as did lodging score responses. Differences in the early
maturing genotypes were due to differences in growth habit. Differences
in the later maturing genotypes across planting dates were influenced by
frost when physiological development was not complete. Both lodging
scores and plant heights were greater in 1981 with less environmental

stress in 1981 than in 1980,

Variety x Irrigation

A significant variety by irrigation interaction for yield existed
in maturity group IITI. A significant year by variety by irrigation
interaction for yield existed in maturity group IV-E. In maturity group
III, the inconsistent varietal response for yield to irrigation was due
to the fact that Williams 79 did not differ significantly in yield under
either irrigated or dryland conditions. Yields of other genotypes,
however, increased 24 to 31% under irrigation. In maturity group IV-E,
the variety by irrigation interaction was significant for yield in 1980
and not in 1981, In 1980, all genotypes had significantly lower yields
under non-irrigated conditions than when irrigated. The magnitude of
this reduction, however was not the same for all genotypes.

The two indeterminate genotypes, Cutler 71 and DeSoto, were reduced
in yield 29 and 34% respectively when grown under dryland conditions.
The determinate genotypes, Pixie and K1049, had yield reductions of 42
and 44%, respectively when non-irrigated. The yield rankings of these
genotypes changed little across irrigation treatments. In 1981, all
genotypes, with the exception of Pixie, had signifiecantly lower yields

under non-irpigated conditions. In this case, Pixie had a 20% yield
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reduction under dryland conditions while DeSoto, Cutler 71 and K1049 had
yield reductions of 11, 15, and 13%, respectively.

The magnitude of the maturity date response to irrigation
treatments was much greater in 1980 than in 1981. In both maturity
group III and IV-E the variety by irrigation interaction was significant
for maturity in 1980 and not in 1981. The wvarietal differences in
maturity date across irrigation treatments was minimal in 1981 when the
difference in the treatments themselves was small (Table 1.10). In
maturity group III in 1980, the maturity dates of the short determinates
genotypes, Hobbit and Elf, were significantly delayed under irrigated
conditions, therefore, slightly lengthening the growing season of these
genotypes. Although all genotypes in maturity group IV-E in 1980
differed significantly across irrigation treatments, the same trend
exists that was seen in maturity group IIT. Pixie, the only short
determinate in this maturity group showed the greatest delay in maturity
due to irrigation. This maturity response of the short determinates to
irrigation is evidently inherent in their growth habit characteristics.
In a study conducted by Egli and Leggett (8), a comparison was made of
dry matter accumulation patterns in determinate and indeterminate
soybeans. In this study it was found that at initial bloom the
indeterminate genotype had produced between 43 and 61% of its vegetative
material and the determinate genotype had produced between 77 and 80%.
The leaf tissue of the determinates would therefore tend to be older
than that of the indeterminates. In another study conducted by Vaadia
(20) the rate of incorporation of amino acids into protein in leaf discs
was measured under the assumption that the processes of enhanced leaf
senescence and proteolysis are retarded by cytokinins. An interaction

was found between leaf age and water stress whereby incorporation of
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Table 1.10. Maturity dates for soybean genotypes across planting dates,
within years.

MATURITY DATE

Maturity 1980 . 1981
Genotype Group Early Late Delay Early Late Delay
month/day days month/day days
Cumberland IIT 9/30 9/29 1 # 9/28 9/28 0
Calland IIT 9/30 9/30 0 9/28 9/27 1
Williams 79 III 10/02 10/01 1 9/30 9/30 0
Hobbit I1I 10/04 9/26 8 * 9/27 9/27 0
KT4-108 I1I 10/03 10/02 1 10/01 10/01 0
E1lf IIX 10/04 9/26 8 # 10/01 10/01 0
LSD (.05) within ecolumns 2 1
LSD (.05) between columns 2 1
Desoto IV-E 10/04 10/02 2 # 10/04 10/04 0
Cutler T1 IV-E 10/04 10/02 2 10/04 10/02 2 *
Pixie IV-E 10/04 9/29 5 # 10701 10/01 0
K1049 IV-E 10/05 10/03 2n 10/06 10/06 0
LSD (.05) within colums 1 1
LSD (.05) between columns 2 1

* Means across dates within a year are significantly different at the

0.05 level of probability.
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C1uL-leucine into protein in tobacco leaf disecs was reduced due to age

as well as due to stress. From this information it could be concluded
that irrigation of determinates would allow maintenance of higher levels
of cytokinins under irrigation therefore producing a greater response in
delaying maturity than would be seen from irrigation of indeterminate
types, since indeterminate types tend ¢to have young leaf tissue
throughout the growing season.

A significant year by date by variety interaction for lodging score
existed in maturity groups IITI, IV-E and IV-L. 1In all three maturity
groups a variety by irrigation interaction was significant in 1980 and
not in 1981. In 1980, when the difference across irrigation treatments
was significant, genotypes had lower lodging scores under dryland
conditions (Table 1.11). In maturity group III, E1f and Hobbit did not
differ in lodging score across dates. In maturity IV-E, Pixie and K1049
did not differ significantly in lodging score across treatments. The
difference in growth habit response to irrigation provided this
interaction for lodging score seen in these maturity groups in 1980.
All genotypes in maturity group IV-L had significantly lower lodging
scores under non-irrigated conditions in 1980. In this case, VT76-U482
with the highest lodging score under irrigation, had the greatest
lodging score reduction across treatments.

For plant height, a variety by irrigation interaction was seen in
maturity group V and a year by variety by irrigation interaction in
maturity group III and IV-E. Genotypes in maturity group V, with the
exception of Bedford, had plant heights which were not significantly
different across irrigation treatments (Table 1.12). In maturity groups
III and IV-E where the year by variety by irrigation interaction was

significant for plant height, the variety by irrigation interaction was
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Table 1.11 Lodging scores for soybean genotypes across irrigated and
non-irrigated treatments, within years.

LODGING SCORE

1980 1981
Maturity Non- Non=-
Genotype Group Irrigated Irrigated Irrigated Irrigated
cm
Cumberland ITI 1.9 1.3 1.5 2.1
Calland IIT 1.8 1.3 % 2.3 2.5
Williams 79 IIT 2.2 1.3 % 1.8 2.0
Hobbit III 1.0 1.0 1.0 1.0
K74-108 III 1.3 1.0 # 1.8 1.4
Elf ITI 1.0 1.0 1.0 1.0
LSD (.05) within columns .2 U
LSD (.05) between columns 3 WA
Cutler T1 IV-E . 2.2 1.6 # 2.0 2.3
Pixie IV-E 1.0 1.0 1.0 1.0
K1049 IV-E 1.3 1.3 1.4 1.4
L3D (.05) within columns «3 .3
L3D (.05) between columns s LU
Crawford IV-L 2.7 1.6 # 2.8 2.9
Douglas IV-L 2.1 1.5 # 1.8 1.9
C1573 IV-L 2,2 1.3 * 2.3 2.9
VTG"HBZ IV"L 301 1-5 ¥ 2-7 2-8
V76-398 IV-L 2.2 1,2 % 2.3 2.2
LSD (.05) within columns o || LU
LSD (.05) between columns .5 .6

4 Means across irrigation treatments within a year are significantly
different at the 0.05 level of probability.
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. Plant heights for 20 soybean genotypes across irrigated and

non-irrigated

treatment, within years.

PLANT HEIGHT

1980 1981
Maturity Non=- Non-
Genotype Group Irrigated Trrigated Irrigated Irrigated
cm
Cumberland ITI gy 77 * 90 88
Calland III 99 83 # 100 97
Williams 79 IIT 101 80 # 96 a5
Hobbit III b8 42 4g 45
K74-108 III 58 57 59 58
E1lf III us 37 # 41 49
L3SD (.05) within columns 7 6
LSD (.05) between columns 7 11
Desoto IV-E 99 82 # 100 96
Cutler T1 IV-E 106 87 # 109 103
Pixie IV-E 43 41 4y 43
K1049 IV-E 72 68 TY 68
L3D (.05) within columns 5 5
LSD (.05) between columns T 10
Crawford IV-L 104 86 # 115 109
Douglas IV-L 98 81 # 101 96
C1573 IV-L 107 86 # 103 101
V76-482 IV-L 82 68 # 82 80
V76-398 IV-L 83 73 * 87 79
K1048 IV-L 82 65 # 75 Tu
L3D (.05) within columns 7 6
LSD (.05) between columns 8 14
Essex v 78 73 87 82
Forrest v 100 95 97 96
Dare v 98 94 o7 99
Bedford v 122 106 # 116 103 *
LSD (.05) within columns 8 T
LSD (.05) between columns 8 9

* Means across dates within a year are significantly different at the
0.05 level of probability.
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significant in 1980 and not in 1981. All indeterminates in these two
maturity groups were significantly shorter when grown under non-
irrigated conditions in 1980. The determinate genotypes, however, with
the exception of E1f, did not differ significantly across irrigation
treatments. In 1981, no significantly different plant heights across
irrigation treatments existed. The determinate genotypes in maturity
groups IIT and IV-E, with the shortest average height, were less
affected by the irrigation treatments than were the indeterminates.
Egli and Legget (8) found that the determinate genotype had reached 84%
of its maximum height at initial flowering as compared with 64% for the
indeterminate. The determinate showed a considerable increase in stem
dry weight following flowering in spite of the 1little increase in
length. Therefore, a moisture stress on a determinate genotype might
show up as a decrease in stem dry weight, but not necessarily influence
stem length. The indeterminate, on the other hand, with stem elongation
continuing past initial flowering would be expected to show a greater

response to a moisture defiecit with decreased plant height.

Variety x Date x Irrigation

A significant variety x date x irrigation interaction for maturity
date existed in maturity groups III and IV-E. The trend was similar in
both maturity groups. The short determinate genotypes, Pixie in
maturity group IV-E and Hobbit and E1f in maturity group III, showed the
greatest delay in maturity under irrigation at the late planting date
(Table 1.13). At the conventional planting time, very little response
due to irrigation treatment was seen for maturity date.

For lodging, a significant variety by date by irrigation

interaction existed in maturity groups III, IV-E, and V (Table 1.14).
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Maturity date of soybean genotypes across irrigation

treatments within each planting date.
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MATURITY DATE

1980 1981

Maturity Non- Non-

Genotype Group Irrigated Irrigated Irrigated Irrigated
month/day

Cumberland III 9/21 9/21 10/08 10/07
Calland I11 9/17 9/18 10/11 10/10
Williams 79 I11 9/22 9/22 10/10 10/10
Hobbit IIT 9/22 9/21 10/09 10/02 *
K74-108 IIT 9/24 9/23 10/10 10/10
Elf III 9/25 9/23 # 10/11 10/04 *
Desoto IV-E 9/26 g9/24 # 10/12 10/12
Cutler 71 IV-E 9/26 9/23 * 10/12 10/10
Pixie IV-E 9/25 9/23 % 10/10 10/06 *
E1049 IV-E 9/27 9/26 10/ 14 10/13

¥ Dates across irrigation treatments within a planting date are
significant at the 0.05 level of probability.
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Lodging scores of soybean genotypes across irrigation
treatments within each planting date.
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LODGING SCORE

1980 1981

Maturity Non- Non-

Genotype Group Irrigated Irrigated Irrigated Irrigated
score

Cumberland 111 1.9 2.1 1.5 1.3
Calland III 2.2 2.3 2.0 1.5 #
Williams 79 ITI 2.2 2.1 1.8 1.2 #
Hobbit IIT 1.0 1.0 1.0 1.0
K74-108 III 1.1 1.0 2.1 1.2 *
Elf III 1.0 1.0 1.0 1.0
Desoto IV-E 2.3 1.8 1.6 1.4
Cutler 71 IV-E 243 2.3 1.8 1.6
Pixie IV-E 1.0 1.0 1.0 1.0
K1049 IV-E 1.0 1.3 1.8 1.4
Essex v 3.4 2.5 % 2.7 1.7 #
Forrest v 3.4 2.8 * 3.6 1.8 #
Dare v 3.3 2.8 3.2 2.2 #
Bedford v 4,0 3.2 ¥ 3.7 2.2 #

* Dates across irrigation treatments within a planting date are

significantly different at the 0.05 level of probability.
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Genotypes in maturity group III showed no significant lodging response
at the early planting date. At the late date however, Hobbit, E1f and
Cumberland were the only genotypes which did not differ significantly
across irrigation treatments with Calland, William 79 and K74-108 having
significantly lower scores under dryland conditions. In maturity group
IV-E Desoto, at the early planting date had significantly lower lodging
scores under dryland conditions than under irrigated conditions. All
other genotypes showed no significant difference across irrigation
treatments. At the late date of planting there were no significant
differences in lodging scores for any genotype. In maturity group V,
Dare, at the early planting, showed no significant difference in lodging
scores across irrigation treatments with the remaining genotypes having
significantly lower scores under dryland conditions. At the late date
of planting, all genotypes had significantly lower lodging scores under
dryland conditions as compared to their scores under irrigation.
Lodging scores in maturity group V were consistently higher in all
treatments. This 1is probably related to the fact that the growing
season of these genotypes is longer than that of the earlier maturing
genotypes, therefore, allowing for more vegetative dry matter
accumulation and thus making them more susceptible to lodging. In
maturity group III, when planting is delayed, the period prior to floral
initiation is cut short and plants are generally smaller. This coupled

with a moisture deficit would allow for less lodging.
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CONCLUSIONS

In this study no row width, genotype x row width or year x row
width response was significant. Delayed planting dates caused
significant yield reductions with the greatest yield reduction occurring
in the maturity group V genotypes. Maturity dates were delayed
approximately one day for every two days planting was delayed in
maturity groups III and IV-E, Both lodging scores and plant heights
were reduced by the delayed planting date. The year x date interactions
were significant due to the considerable difference in growing
conditions in 1980 and 1981 with hot dry conditions prevelant in 1980
and relatively cool temperatures and ample rainfall in 1981. These
differences also influenced the year x irrigation interaction which
existed due to the difference in irrigation response across years. In
1980, the total amount of rainfall received in the period from May to
September was 28 cm, which was 25 em below normal. For this same period
in 1981 however, the rainfall received was 59 cm which was 6 cm above
normal (normal rainfall being 53 cm). The significant date x variety
interactions were mainly due to the difference in response of the short
determinate and indeterminate genotypes to delayed planting. The
difference between the yields, maturity, lodging and plant height in the
early vs. late planting dates were less for the determinates than the
indeterminates. Although these genotypes showed the 1least yield
reduction at the late planting, they did not tend to outyield the
indeterminates within the same maturity group. The entries in maturity
groups IV-L and V suffered greater yield reductions at the late planting

date due to the occurrence of frost prior to physiological maturity.
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A variety x irrigation interaction was seen for yield, maturity,
lodging and height. For yield, this interaction was significant only in
maturity group III. This was due to one genotype, Williams 79,
performing consistently across irrigation treatments. Maturity date of
the determinates was delayed more under irrigation than was maturity
date of the indeterminates This is thought to be due to the difference
in age of the leaf tissue of determinates and indeterminates with the
tissue of determinates being considerably older. From the study
conducted by Vaadia (20) it could be concluded that irrigation of
determinates would allow them to maintain higher levels of cytokinins
under irrigation, therefore producing a greater response in delaying
maturity than would be seen from irrigation of indeterminate types which
tend to have young leaf tissue throughout the growing season. Plant
height response was associated with growth habit with the indeterminates
decreasing significantly wunder non-irrigated conditions and the
determinates decreasing but not significantly.

The year x variety x irrigation interaction occurred in response to
differences in response of genotypes to years, with irrigation response
in 1980 much greater than that seen in 1981. The differences in yield,
maturity date, lodging score and plant height across irrigation
treatments were much more pronounced in 1980 than in 1981 due to the
abundance of moisture in 1981 and the mosture stress incurred in 1980.
The trends, however, remained the same as seen in the variety x
irrigation interaction responses.

From this study, the results suggest that differences in response
of yield, maturity, lodging and height due to row width, date of
planting, and irrigated versus dryland treatments are not sufficient to

warrant changes in a breeding program for development of soybeans for
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different production systems. Selection for high yielding genotypes
made from wide rows proved to be sufficient for genotypes which will
produce well in narrow rows. The same trend follows for selection for
soybeans to be grown in a double-cropping system from soybeans planted
at the conventional time and for soybean to be grown under dryland

conditions selected from irrigated material.
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INTRODUCTION

The search for a simple and reliable method of screening for
drought tolerance in crops continues as plant breeders seek tools for
use in the development of drought tolerant varieties. Much attention
has been given to the use of the hand-held infrared thermometer for leaf
canopy temperature measurements. The canopy minus air temperature
differential has been used by many researchers as a means of measuring
the magnitude of water stress in an actively growing crop. Ehler (3)
working with sorghum, found that six days following irrigation, leaf
temperatures were considerably below air temperature throughout most of
the 24 hour reading period. Prior to irrigation, however, the leaf
temperatures of plants in dry soil remained above air temperature
essentially from dawn to dusk. FEhler (4), when working with wheat,
found that the differences between wet and dry plots occurred not only
in the magnitude of AT (AT = canopy temperature-air temperature) which
was greater at any given time in dry than in wet plots, but also in the
rate of rise of AT. This value increased as solar radiation and air
temperature increased, increasing more rapidly in dry than in wet plots.
This difference was explained by partial stomatal closure in the dry
plots. Clark and Hiler (2) found that when the crop was well watered
the leaves were cooler than the air temperature. Once a water deficit
occurred in the stress treatment, the leaf minus air temperature
differential became positive.

In a study conducted by Carlson (1), two soybean varieties were
grown under controlled irrigation. Differences in daily canopy

temperatures were attributed mainly to differences in vapor pressure

deficit and differences in air temperatures. When vapor pressure
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deficit was low or when relative humidity high, the ability of the leaf
to cool by evaporative mechanisms was restricted as the air surrounding
the leaf became more saturated with water vapor. It has been reported
that stomatal aperature increases with increasing air temperature (10).

Many researchers have used canopy temperature as a means of
determining plant water stress due to inadequate soil moisture (8, 9,
1) Tdso (6, 7) further worked to link leaf temperature and air
temperature to yield.

The ease of using a hand-held infrared thermometer coupled with the
ability of the instrument to interpret the water status of a crop, makes
this instrument attractive to a plant breeder whose interests lie in
screening for drought tolerance. Before such work can begin, however,
genetic vwvariation for leaf temperature must be found, and the
association made between leaf canopy temperature and yield and between

leaf canopy temperature and drought tolerance studied.
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MATERIALS & METHODS

This experiment was conducted at the Ashland Agronomy Research Farm
in Manhattan, Kansas in 1980 and 1981. The soybean plots were planted
in a Muir silt loam soil classified as a Pachic Haplustell, fine-silty,
mixed mesic. No fertilizer was applied. In early May, prior to
planting, one-half liter of Trifluralin (a,a,0,ael-trifluoro-2,
6-dinitro-N,Ndipropyl-p-toluidine) per hectare was applied and at
planting .06 kilograms of Chloramben (3-amino-2, 5-dichlorobenzoic acid)
were applied. In 1981, the study was conducted in a field havin; a
Eudora silt loam soil classified as a Fluventiec Hapludoll, coarse-silty,
mixed, mesiec. Approximately 18 kilograms of 18-46-0 fertilzer per
hectare were applied late in April. In mid-April, Trifluralin was
applied and at planting Chloramben was applied in amounts equivalent to
the amounts applied in 1980. Total and average monthly rainfall from
May to September in 1980 was below normal for each month and throughout
the season. In 1981, however, monthly rainfall averages were above
normal in May, June and July, one cm below normal in August and 6.6 cm
below normal in September. Average monthly, average maximum and average
minimum temperatures were above normal from June to September in 1980.
Average temperatures in 1981, for the same period, were near or below
the normal temperatures (Appendix Table A-1).

The experimental design was a split-split-plot with irrigation as
the whole plot, row widths as the subplots and soybean genotypes as the
Sub=-sub plots. There were two irrigation treatments (an irrigated
treatment and a dryland treatment), two row widths (76 em and 25 cm),
and twenty genotypes. The twenty genotypes, consisting of fourteen

cultvars and six experimental lines, were chosen to represent both
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determinate and indeterminate growth habits from maturity groups III, IV
and V to insure a broad spectrum of genetic material (Table 2.1).
Irrigation was achieved with a movable overhead sprinkler system. Total
water received in the irrigated and dryland treaments in 1980 was 43 and
35 cm, respectively. In 1981 the irrigated treatment received 59 cm of
water and the dryland treatment received 55.2 cm of water, with the
difference between treatments one 3.8 em irrigation.

Plots consisted of four rows of each genotype in wide row plots
(76 em) and ten rows of each genotype in narrow row plots (25 cm),
5.8 meters long. The wide row plots had plant pbpulations of 50,500
plants/hectare with the two center rows machine harvested for seed
yield. The narrow row plots had plant populations of approximately
60,400 plants/hectare with the center six rows machine harvested for
seed yield. Harvest row length was 4.3 meters in all plots.

Infrared canopy temperatures were measured with a hand held Barnes
Model PR-10 infrared thermometer. Canopies were viewed at an angle
(less than Y45 degress) following closure of the soybean canopy to avoid
interference from the soil surface. The measurements were taken every
three to five days depending on climatic conditions (no readings were
made when cloudy conditions or intermittant cloudiness prevailed),
between 1200 and 1300 hours when the least change in solar radiation
intensity occurred. A total of fifteen measurements were taken per plot
in 1980 and a total of nine per plot in 1981. Air temperature (TA)’ at
the time canopy temperatures (TC) were measured, was subtracted from the
canopy temperature to obtain a canopy temperature differential
(Td = Tp - TA)' The total (SUM) of both positive and negative values of

Td, per plot for each genotype, was determined and recorded as was seed

yield and yield ratio (non-irrigated yield/irrigated yield).
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Indeterminate

Determinate
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Soybean genotypes represented in this study,

classified by maturity group and growth habit.

Maturity Maturity Maturity Maturity
Group III Group IV-E Group IV-L Group V
Cumberland Cutler T1 Crawford

Calland DeSoto Douglas

Williams 79 C1573

Hobbit Pixie VT76-482 Essex
K74-108 K1049 V76=398 Forrest
Elf K1048 Dare

Bedford
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Statistical analyses included an analysis of variance with
varieties, row widths, and irrigation treatment as independent variables
and Tq, for reading dates one through fifteen in 1980 and one through
nine in 1981, as well as SUM and yield as dependent variables. Single
¥ear analyses as well as the two year combined analysis were made.
Product moment correlations between yield, ratio, SUM, and Tq Vvalues
were determined using values averaged over varieties and row widths,

within irrigation treatments.
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RESULTS AND DISCUSSION

Years

In the two year analysis, canopy temperature SUM was found to be

significantly different across years. The average SUM value in 1980 was

-21.7, compared to 9.8 in 1981. This difference across years stems from
the fact that in 1980, on eleven of the fourteen days that TC readings
were made, values of T4 were negative indicating canopy temperatures
were cooler than air temperature. In 1981, however, on six of the nine
reading days canopies had higher temperatures than air temperature. The
differences in canopy and air temperatures (Tgq) were relatively small on
a given day ranging from -6.1 to 2.6 in 1980 and from -1.9 to 5.2 in
1981. The value of Tq averaged across all reading dates in 1980 was
-1.79 and in 1981 was 1.09.

Air temperature and canopy temperature were found to Dbe
significantly correlated in both 1980 and 1981 (Figure 2.1). With
higher temperatures occurring in 1980 as compared with 1981, evaporative
demand was greater and canopies cooler than air presumably due to
inereased transpirational cooling. In a study conducted by Stalfelt
(10), comparisons were made on the effect of temperatures on the opening
of stomatal cells. The rate of opening was measured at 5, 10, 15, 25,
30, 35, 40 and 45 degrees C and compared with the rate at 20 degrees C.
When working with Viecia faba, stomatal opening was inappreciable at
5 degrees C. The rate of opening increased, however, as temperature
increased with optimal movements within the 35 to 40 degrees C range.
When testing other experimental plants, the opening rates at 20 degrees

and 30 degrees C showed no uniform difference. This would support the



50

Figure 2.1. Relationship of air temperature and canopy temperature
in 1980 and 1981.
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conclusion that cooler canopies result from incresed transpirational

cooling with greater stomatal openings at the higher air temperatures.

Irrigation

In the two year analysis, the irrigation treatment was found to be
significant for canopy temperature SUM. The value of the canopy
temperature SUM within the irrigated treatment was -11.8, a value
significantly lower than the SUM value within the dryland treatment, a
value of -0.1 degrees C, although both values were negative. This would
indicate a lack of sufficient moisture to transpire at a rate equivalent
to plots which were irrigated. [Ehler and van Bavel (3) found leaf
temperatures to be strongly related to goil water availability. A
measurement of leaf temperature of plants in dry soil was found to be
greater than air temperature for the duration of the daylight hours with
late afternoon leaf temperatures as much as five degrees above air
temperature. These high leaf temperatures were attributed to a reduced
rate of evaporative heat loss due to stomatal closure.

An irrigation by year interaction was significant for canopy
temperature SUM. Values of SUM in 1980 in both irrigated and dryland
treatments were negative and differed across treatments by approximately
23 degrees C. In 1981, however, values of SUM across irrigation
treatments were positive and differed by less than 0.2 degrees C
(Table 2.2). This response across years was attributed to the
difference in environmental conditions experienced each year. Above
average temperatures and below average rainfall were prevalent in 1980
causing a greater evaporative demand than was present in 1981 when

temperatures were near or below normal and rainfall amounts were greater

than average.



Table 2.2. Mean canopy temperature sum of 20 soybean genotypes

separated into irrigated and non-irrigated treatments

within a year.

Canopy Temperature Sum

Irrigation Treatment 1980 1981
Irrigated -33.4 9.8
Non-irrigated - 9.9 9.7
Average -21.7 9.8

52
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Varieties

Significant varietal differences for Tq were seen on six of the
fourteen days in 1980 when canopy temperatures were measured and on four
of the nine days in 1981. Due to the lack of detecting significant
genotypic differences and the variability in the magnitude of eanbpy
temperature from one reading day to the next (Appendix Figures Ala-A1h)
the SUM value {(Total of T4q's across sampling days) for a given genotype
was used as the most reliable means of measuring genetic variation.
Based on this temperature SUM, varieties were found to be significantly
different in the two year analysis (Table 2.3). A variety by year
interaction for canopy temperature SUM was also found to be significant
(Table 2.3). All genotypes had a significantly higher SUM in 1981 as
compared to that of 1980. When SUM values are ranked from coolest to
hottest, the greatest change from 1980 to 1981 in rank was seen for Elf,

Pixie, C1573, K1048 and Forrest.

Correlations

The association between canopy temperature SUM and seed yield was
determined using correlation analyses. When irrigated treatments were
separated into dryland and irrigated plots, in 1980, a significant
negative correlation existed (Figure 2.2) between SUM and seed yield.
These correlations did not exist in 1981 with plots in either the
irrigated or dryland treatments (Figure 2.3). Due to cloudy conditions
in 1981, only nine canopy temperature readings were made on each plot,
or just over half the total number of readings made in 1980, Although
few observations were made in 1981, precision of the data collected was

maintained. Nonsignificant correlations of canopy temperature SUM and
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Figure 2.2. Relationship of seed yield and canopy temperature sum for
20 soybean genotypes in 1980, separated into irrigated and
dryland treatments.
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Figure 2.3. Relationship &6f seed yield and canopy temperature sum for
20 soybean genotypes in 1981, separated into irrigated and
dryland treatments.
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yield are believed to be related to the fact that water was not limiting
and that air temperatures were relatively low.

In order to examine the association of canopy temperature SUM and
stress tolerance, a measurement of yield stability had to be made. This
measurement was made by dividing the yield of an irrigated plot by the
yield of its corresponding dryland plot and defined as the yield ratio.
The irrigated and dryland values of canopy temperature SUM were
separated and plotted against yield ratio. Correlations of SUM and
yield ratio were made within irrigation treatments. In 1980, under
dryland conditions, SUM and yield ratio were found to be significantly
correlated (Figure 2.4). Under irrigation in 1980 and in both
irrigation treatments in 1981, SUM and yield ratio were not
significantly correlated (Figure 2.5). It should be noted, however,
that yields across treatments in 1981 differed 1little and yield ratio
for some genotypes was greater than one.

Seed yield in 1980 was linearly associated with seed yield in 1981
with a correlation coefficient of .57, significant at the
0.01 probability level. This, however, was not the case for canopy
temperature SUM values in 1980 and 1981 which had a nonsignifiecant

correlation coefficient of .26.
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Figure 2.4, Relationship of yield stability vs. canopy temperature sum
for 20 soybean genotypes in 1980, separated into irrigated
and dryland treatments.
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Figure 2.5. Relationship of yield stability vs. canopy temperature sum
for 20 soybean genotypes in 1981, separated into irrigated
and dryland treatments.
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Conclusions

In looking at the data collected in each of the two years, with
high evaporative demand and the existence of moisture stress in 1980, a
linear association between canopy temperature SUM and yield and canopy
temperature SUM and yield ratio occurred. In 1981, coupled with the
lack of a moisture stress treatment was the insufficient number of days
on which readings could be made due to cloudy or overcast conditions.
Therefore, in 1981, canopy temperature SUM was found not to be linearly
associated with yield or with yield ratio. Based on these data, few
conclusions about the use of the infrared thermometer as a tool for
screening for drought tolerance can be made without the collection of
more data in years with both stressed and non-stressed conditions. As
other researchers have found, measurements made with the infrared
thermometer are highly dependent upon climatic factors as well as the
actual water status of the plant. When evaporative demands are
relatively high, canopy temperature sum tends to be more linearly
associated with seed yield than when evaporative demands are relatively
low. Due to this result, use of the infrared thermometer in a breeding
program may be limited to use in those years when evaporative demands

are high and a moderate water stress treatment can be imposed.
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INTRODUCTION

Where differences in genotypic yield response across a set of
environments occur, changes in the components of yield of each genotype
becomes Iimportant. Carter and Boerma (2) compared plant trait
correlations with seed yield across planting date and row spacing
environments and found seed size to be consistently unrelated to seed
vield in all environments. In this same study, a greater number of
plant traits were found to be associated with yileld at the late planting
date than at the early planting date. These differences across planting
dates were attributed to the fact that the late planted material
suffered environmental limitations in establishing large enough plants
for maximum seed production. In a study conducted in a high yield
environment only, Johnson et al. (4), found seed weight to be
significantly correlated with yield, however, number of seeds per plant,
pods per plant, and nodes per plant were not consistently correlated
with yield. From these observations it was concluded that per plant
characteristiecs have limited practical usefulness as indicators of high
yield. In a similar study, Anand and Torrie (1) found conflicting
results when number of pods per plant and number of seeds per pod were
more closely associated phenotypically with high seed yield than was
seed weight. These researchers concluded that differences in their
study and that of Johnson et al., were probably due in part to
differences in environments under which the studies were conducted.

Water stress applied at various developmental stages of soybeans in
studies by Shaw and Laing (5) and by Doss et al.(3) demonstrate the

importance of sufficient moisture at critical periods in the development
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of a soybean plant. The amount of yield reduction was seen to be
dependent upon the time and duration of the moisture stress period.

This study was designed to observe yield components of specific
genotypes as well as overall yield component response to planting dates,
row spacings and irrigations. The association of these yield components

with yield in all possible environments, was also examined.
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MATERIALS AND METHODS

The experiment was conducted at the Ashland Agronomy Research Farm
in Manhattan, Kansas in 1980 and 1981. In 1980, the soybean plots were
planted in a Muir silt loam soil classified as a Pachic Haplustoll,
fine-silty, mixed, mesic. No fertilizer was applied. In early May,
prior to planting, approximately 2.47 1liters/ha of Trifluralin
(a,0,0-trifluoro-2, 6-dinitro-N, N dipropyl-p-toluidine) were applied
and at planting 3.36 Kg/ha of Chloramben (3-amino-2, 5-dichloro-benzoic
acid) were applied. In 1981, the study was planted in an Eudora silt
loam so0il classified as a Fluventic Hapludoll, coarse-silty, mixed,
mesic. Approximately 111 kg/ha of 18-46-0 fertilizer were applied late
in April. At mid-April 2.47 1liters/ha of Trifluralin were applied and
at planting 3.36 kg/ha of Chloramben were applied. Total and average
monthly rainfall from May to September in 1980 was below normal for each
month. In 1981, however, monthly rainfall averages were well above
normal in May, June, and July, one cm below normal in August and 6.6 cm
below normal in September. Average monthly and average minimum and
maximum temperatures were above normal from June to September in 1980.
Average temperatures in 1981, for the same period, were near or below
normal temperatures (Appendix Table A-1.)

The experimental design of this study was a split-split-plot with
irrigation and dates as whole plots, row widths as sub-plots and
genotypes as sub-sub-plots. There were two planting dates (1980: May 25
and June 30, 1981; May 21 and July 1) and two irrigation treatments (an
irrigated treatment and a dryland treatment). There were two row

widths, wide rows (76 cm) and narrow rows (25 cm). Twenty genotypes

consisting of fourteen cultivars and six experimental lines were chosen
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to represent both determinate and indeterminate growth habits from
maturity groups III, IV and V, (Chapter I, Table 1). Maturity group IV
was further divided into early maturity group IV's (IV-E) and late
maturity group IV's (IV-L) for analysis. Analysis of yield components
was made for genotypes in maturity group III and IV-E only. This was
due to the occurrence of frost prior to the completion of physiological
development of several of the genotypes in maturity group IV-L and V,
when planting date was delayed.

The narrow row plots consisted of ten rows 5.8 meters long with
plant populations of 60,362 plants/hectare with the center six rows
machine harvested for seed yield. The wide row plots consisted of four
rows of each genotype, 5.8 meters long with plant populations of 50,331
plants/hectare and the two center rows machine harvested for seed yield.
Harvest row length was 4.3 meters in both 76 and 25 cm spacings.
Agronomic data were recorded per unit area. Total number of plants,
nodes, pods and seeds in a .24 m2 area were recorded as was seed weight
for each plot.

The data were analyzed by maturity group in a combined analysis
over years using an analysis of variance procedure. Number of plants,
nodes, pods, seeds, and seed weight were used as dependent variables and
genotypes, row widths, irrigation, and planting date and their

interactions as independent variables.
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RESULTS AND DISCUSSION

Year, Planting Date, Irrigation

Significant differences across years, planting dates, and
irrigation treatments were seen for numbers of pods and seeds in both
maturity groups III and IV-E (Table 3.1). Significant differences
across years and planting dates were seen for number of nodes in both
maturity groups, with no difference due to irrigation treatment
(Table 3.1). When planting date was delayed, reductions in number of
nodes, pods, seeds and reduced seed weight ocecurred in all maturity
groups. This same trend existed for yield. The number of nodes did not
differ significantly across irrigation treatments in either of the
maturity divisions. Numbers of pods and seeds as well as seed weight
decreased significantly under dryland conditions. Seed weight and
number of nodes, pods, and seeds increased significantly in 1981 when
air temperatures were cooler and moisture more abundant than existed in

1980.

Variety x Date

A varlety by date interaction was significant for genotypes in
maturity group III for all yield components (Table 3.2). Although the
number of plants across planting dates did not differ significantly for
any of the genotypes, Elf was the only genotype which had the highest
plant population in the second date. With this higher population the
number of nodes, pods and seeds did not differ significantly when
planting was delayed, as did the yield components of the other
genotypes. Seed weight of E1f decreased by the greatest amount when

planting was delayed. It is also interesting to note that seed weight
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Table 3.1. Yield component responses to planting, irrigation treatment
and years, with means averaged over genotypes within a
maturity group.

Yield

Component Early Late Irrigated DryLand 1980 1981
Maturity Group III

Nodes (no.) 191a* 123b 158a 156a 135a 179b

Pods (no.) 305a 192b 261a 236b 194a 303b

Seeds (no.) 678a 432b 596a 514b 436a 675b

Seed Wt.(g/100) 16.9a 15.1b 16.7a 15.3b 15.3a 16.8b
Maturity Group IV-E

Nodes (no.) 183a 121b 157a 1U47a 141a 163b

Pods (no.) 289a 191b 268a 211b 206a 2740

Seeds (no.) 633a 430b 609a 455b 467a 597b

Seed wt.(g/100) 16.7a 14,.8b 16.6a 14.9b 14.7a 16.8b

* Means for a given yield component, across planting dates, irrigation
treatments, or years, within a maturity group, followed by the same
letter, are not significantly different at the 0.05 level of
probability.
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of the determinate genotypes, Hobbit, KT74-108, and E1f all decreased
significantly in the late planting. Seed weight of Cumberland, an
indeterminate genotype also decreased significantly in seed weight when
planting was delayed, but maintained the highest seed weight at both
planting dates. Yields of these genotypes were reduced significantly
when planting was delayed (Table 3.3), with the exception of Hobbit. In
maturity group IV-E, the genotype DeSoto had the greatest reduction in
number of nodes, pods and seeds as compared with the other genotypes
when planting was delayed. Pixie and K1049, the determinate genotypes
in this maturity group had seed numbers which did not differ
significantly across ©planting dates. Seed weight  decreased
significantly at the late date for DeSoto, Pixie and K1049, but not for
Cutler 71. Yields for all genotypes in maturity group IV-E were reduced
significantly when planting was delayed (Table 3.3). Pixie and K1049,
the two genotypes with no significant reduction in seed number at the
late planting date, were the highest yielding genotypes at this late
planting date. These yields, however, were not significantly higher

than the yield of DeSoto.

Variety x Irrigation

A genotype by irrigation interaction was significant for seed
weight in maturity group III (Table 3.4).

The seed weight of the determinate genotypes, Hobbit, K74-108, and
E1lf, decreased significantly under dryland conditions and had the lowest

seed weights of the six genotypes under these conditions.
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Table 3.3 Mean yields of genotypes across planting dates.

YIELD

Maturity Group III

Maturity Group IV-E

Genotype Early Late Genotype Early Late
— kg/ha — —— kg/ha —

Cumberland 2917 2191 * DeSoto 2730 2015 %

Calland 2520 1956 # Cutler T1 2434 1919 %

Williams 79 2661 2056 #* Pixie 2725 2207 *

Hobbit 2520 2258 K1049 2468 2075 *

K74-108 2587 2023 *

E1lf 2594 2016 *

LSD (.05) within columns 164 163

LSD (.05) between columns 306 264

* Means for a genotype, across planting dates, are significnatly
different at the 0.05 level of probability.



72

Table 3.4 Means represent a genotype by irrigation interaction
gignificant for seed weight and yield.
Seed Weight Yield
Non- Non-
Genotype Irrigated Irrigated Irrigated Irrigated
— grams/100 — — kg/ha —
Cumberland 17.6 16.8 2830 2775
Calland 16.6 15.8 2514 1962
Williams 79 17.0 16.2 2494 2224
Hobbit 1642 .6 * 2675 2106
Elf 17.5 14.8 # 2607 1999
LSD (.05) within columns 0.8 161
LSD (.05) between columns 1.2 NS

. Means for a genotype across irrigation treatments are significant at
the 0.05 level of probability.
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Correlations

Correlations of seed yield with each of the five yield components,
was determined within each of the environments. The environments were
divided by planting date, irrigation treatment and row width, with
correlations based on sixty observations (Table 3.5). At the early
planting date, under irrigated conditions, number of pods and seeds were
significantly correlated with yield in both the wide and narrow row
spacings. The number of nodes was significantly correlated with yield
only at the narrow row spacings. At the early planting date, under
dryland conditions, number of nodes, seeds and seed weight were
significantly correlated at both row spacings and number of plants
significantly correlated at the narrow row spacing only. At the late
planting date, under irrigation, seed weight was significantly
correlated with yield at both row spacings. Under dryland conditions,
number of pods, seeds and seed weight were significantly correlated with
seed yield at both row spacings. Number of nodes was significantly
correlated with seed yield at the wide row spacings only. It appears
from these date that under dryland conditions, with reduced vegetative
growth, a larger number of yield components tend to be significantly
correlated with seed yield. When comparing correlations across dates
under irrigated conditions, the correlations of yield exist with seed
number and pod number at the early planting date and with seed weight
alone at the late date. This could be due, in part, to the fact that
plant size 1is reduced and therefore number of nodes reduced when
planting is delayed (Table 3.6). The result from reduced plant size
would be reduced seed number (Table 3.6) and changes in yield would be
related to changes in seed weight, with adequate moisture available.

When comparing correlations across irrigaton treatments, within a date,
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Table 3.5. Correlation between yield components and seed yield within
each planting date, irrigation, and row spacing environment
averaged over two years and twenty soybean genotypes.

EARLY PLANTING DATE

Irrigated Non-irrigated
Yield Component Wide Narrow Wide Narrow
Plants (no.) -.2U4+NS -.05NS -. 16NS .30%
Nodes (no.) . 10NS <33% 50k -OTHE
Pods (no.) Sl JLgE LT3%R <TTHR
Seeds (no.) JU3EE .36%% JTTRE LTS
Seed weight (g/100) .25NS .24NS LUTRR Ul

LATE PLANTING DATE

Irrigated Non-irrigated
Yield Component Wide Narrow Wide Narrow
Plants (no.) -. 16NS -.12NS -.06NS .25N3
Nodes (no.) -.09N3 -. 18NS 6% . 13NS
Pods (no.) -. 10NS -.20NS 5548 yguw
Seeds (no.) -.02NS -.13NS .63 LG
Seed weight (g/100) JYTEE L66%#E ok YR L

*,®* Correlation values are significant at the 0.05 and 0.01 levels of

probability, respecively.

+ Correlations based on 60 observations.
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a larger number of components are significantly correlated with yield
under non=-irrigated conditions than when plants were irrigated. With
moisture limiting, maximization to the potential number of nodes, pods,
and seeds and seed weight is less likely to occur (Table 3.6). In a
study by Shaw and Laing (5) when water deficits occurred during
flowering, flower and pod abortion occurred. When stress occurs during
the grain filling period, number of pods was reduced some but number of
beans per pod and seed size were greatly reduced. In an irrigation
timing study on soybeans Doss et al. (3) found lowest yields when water
was applied only at full flower and two weeks later at early pod fill.
This yield reduction was attributed to reduced plant size and severe
moisture stress during late pod-fill. These studies demonstrate the
effect of limited moisture at a particular developmental stage in
reducing each of these yield components and therefore reducing the yield
potential. With reduced yield potential due to insufficient moisture,
each of these yield components would become an important factor in final

yield and thus could become linearly associated with yield.
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Table 3.6. Mean yield component values, averaged over genotypes, across
planting dates and irrigation treatments.

EARLY LATE
Non- Non-
Yield Component Irrigated Irrigated Irrigated Irrigated

Maturity Group III

Node Number 192 190 123 122
Pod Number 316 294 207 177
Seed Number 725 631% 467 397
Seed Weight 17.4 16, 4% 16.0 14,3%

Maturity Group IV-E

Node Number 187 179 128 114

Pod Number 317 261 ® 219 162 *
Seed Number 719 548 # 499 362 *
Seed Weight 17.3 16,1 # 15.9 13.8 #

* Means across irrigation treatments, within a planting date are
significantly different at the 0.05 level of probability.
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CONCLUSIONS

In general, reductions in number of nodes, pods, and seeds and seed
weight occurred when planting was delayed and when plants were grown
under dryland conditions. Yield components in 1980 were significantly
lower than in 1981 due to temperature and moisture stress prevalent in
that year.

Genotypic differences in yield component response across planting
dates occurred in both maturity group III and IV-E. The difference in
response in maturity group III was due primarily to the fact that E1f
had the highest plant population in the second date. Therefore, number
of nodes, pods and seeds did not differ significantly when planting was
delayed as did the yield components of the other genotypes. In maturity
group IV-E, the two determinate genotypes, Pixie and K1049, had lower
relative reductions in number of seeds when planting was delayed. These
two genotypes were the highest ranking genotypes in terms of yield in
the second planting date. In comparing responses of yield components of
genotypes across planting dates (Table 3.2) the compensatory nature of
these components 1is observed, with means averaged over irrigation
treatments.

The correlations revealed differences across irrigation treatments
and date of planting treatments, under irrigation. When comparing the
correlations within planting dates, under irrigation, the association of
seed and pod numbers with yield exists. At the late planting date, with
plant size reduced, seed weight becomes the yield component linearly
associated with yield. In this case seed weight can compensate as

moisture is not limiting. At both dates of planting, with moisture
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insufficient no one particular yield component is maximized and all
components are linearly associated with yield.

From these observations, several inferences can be made. As yield
potential changes across environments such as planting date and
irrigation, components of yield change in the degree of association they
maintain with yield. With sufficient moisture available, compensation
of one component with the reduction of another component is still
possible. As moisture becomes limiting this compensation is no longer

possible and all components become more closely associated with yield.
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Table A-1, Average monthly maximum and minimum temperatures,
average monthly temperature and rainfall for 1980, 1981
and the normal.*s§

MAY JUNE JULY Aug SEPT
1980
Maximum 25,2% 32.4 38.6 35.8 29.2
Minimum 11.1 19.1 23.4 21.8 15.7
Average 18.2 25.8 31.0 28.8 22,8
Rainfall (cm) 4.6 7.1 3.0 T.4 6.1
1981
Maximum 22.8 30.2 31.2 29.6 27.7
Minimum 11.1 18.7 21.5 18,2 1.5
Average 16.9 24 .4 26.4 23.9 21.1
Rainfall (cm) 17.9 16.6 14,2 7.1 3.6
NORMAL
Maximum 25.2 30.1 33.2 32.4 27.6
Minimum 11.9 17.3 20.0 19,1 13.8
Average 18.6 23.7 26.6 25.8 20.7
Rainfall (cm) 1.4 13.5 10.2 8.1 10.2

* Averaged from temperature data from 1951 to 1980
¥ Temperatured in degree Celsius.

§ Information received from the Weather Data Library, Kansas State
University Agricultural Experiment Station, Manhattan, Kansas.
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Table A-2. Two year analysis of variance significance levels for
soybeans yields, 1980 and 1981.

MGIII MGIV-E MGIV-L MGV
Year (Y) *% #5% *% ¥
Date (D) * * % nH
Irrigation (I) L L ¥ i
Row Width (R) NS NS NS NS
Variety (V) e na ne e
Yx I % FT ) %
YxD #3 * *in *
Yx R NS * NS NS
YxV NS E 2 1] *3 T
DxV L 317 * %
VxR NS NS NS NS
Vx1I * NS NS NS
Dx VxR NS NS NS ®
YxDxV NS L ¥ NS
YxVxR NS NS NS NS
YxVx1I NS # NS NS
YxDxVxRH NS NS NS NS
DxVxI NS NS NS NS
DxVxIzxY NS NS Lk NS
¥, ¥, ®* gignificant at the 0.10, 0.05, and 0.01 levels of probablity,

respectively.



Table A-3. Two year analysis of variance significance levels for
soybean maturity dates, 1980 and 1981.

MGIII MGIV
Year (Y) e B
Date (D) % 1
Irrigation (1) ®% *%
Row Width (R) NS NS
Variety (V) * #%
Yx1I ¥ ®5%
YxD #3# %
Yx R LA NS
YxvV e %
DxV L2 113
VxR NS NS
Vx1I *% #
DxVzxR ¥ NS
YxDxV *% %
YxVxR NS NS
YxVxI L1 »
YxDxVxR NS NS
DxVxI "3 #
DxVxIxyY bl NS
#RE ¥

, B, W@ Significant at the 0.10, 0.05, and 0,01 levels
of probability, respectively.



Table A-li.

1980 and 1981.

Two year analysis of variance significance levels for
soybean lodging scores,

84

MGIIT MGIV-E MGIV-L MGV
Year (Y) T 3 ¥ w4
Date (D) 1 1T *# 1]
Irrigation (I) * NS 1] %
Row Width (R) NS NS NS NS
Variety (V) ## 1] 1] 1
Yx I ¥ % #a wi
YxD NS NS * *
¥Yx R L * NS NS
YxV 3 NS 2] 1)
DxV %% &3# #% NS
VxR NS ® NS NS
VxI NS NS % NS
Dx VxR NS NS NS NS
YxDxV * * NS 1
Yx VxR * NS NS NS
YxVxrI L1 * * NS
YxDxVxR NS NS NS NS
DxVxI Le L2 NS &
DxVxIxY NS NS NS NS
#A%, ¥, ™ Significant at the 0.10, 0.05, and 0.01 levels of probablity,

respectively.
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Table A-5. Two year analysis of varilance significance levels for
soybean plant height, 1980 and 1981.

MGIII MGIV-E MGIV-L MGV
Year (Y) NS NS * NS
Date (D) LA % 1 4
Irrigation (I) #* # " *
Row Width (R) NS NS NS NS
Variety (V) % 1] 1] "
YxI ® NS NS NS
YxD #% # ¥ t 1]
YxR NS NS NS NS
YxV NS &% t T *%
DxV L1 %% 1] %
VxR NS NS NS NS
VxI *a L2 NS £
DxVzxR NS B NS NS
YxDxV EL 13 (11 #
¥YxVzxR NS NS NS NS
YxVxI ol i NS NS
YxDxVzxR NS NS NS NS
DxVxI NS NS NS NS
DxVxIxY NS NS NS NS
T

» *, ® gignificant at the 0.10, 0.05, and 0.01 levels of probablity,
respectively.



Figure Ala. Daily canopy minus air temperature
by genotype in 1980.
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Figure Alb. Daily canopy minus air temperature differentials,
by genotype in 1980.
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Figure Alc.,
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Figure A1d. Dailly canopy minus air temperature differentials,
by genotype in 1980.
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Figure Ale. Dally canopy minus air temperature differentials,
by genotype in 1981,
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Figure A1f. Daily canopy minus air temperature differentials,
by genotype in 1981,
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Figure Alg. Daily canopy minus air temperature differentials,
by genotype in 1981.
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Figure ATh. Daily canopy minus air temperature differentials,
by genotype in 1981.
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ABSTRACT

Soybeans are grown in several different production systems
including production as a full season crop or as a double crob, at
either narrow or wide-row spacings, and with or without supplemental
irrigation. Genotypic performance across different environments may be
diverse, in which case development of varieties specifically suited for
one of these production systems could be accomplished with modified
selection procedures.

In the first study, twenty soybean genotypes from maturity groups
IIT, IV, and V, representing both determinate and indeterminate growth
habits, were grown in several different environments. These
environments included both 25 and 76 cm row spacings, both irrigated and
non=-irrigated conditions at both an early or conventional planting date
and a delayed planting simulating a double-crop situation. Genotype by
environment interactions existed for seed yield due to differences in
response of genotypes to planting dates. In this interaction, however,
high yielding genotypes were effected 1little by planting dates,
remaining among the highest ranking genotypes at both dates.
Interactions were due mainly to the genotypes with the lower yields at
the conventional planting date moving up in yield rank when planting was
delayed.

Genotype by environment interactions were significant for maturity
date, lodging score and plant height across both irrigation treatments
and planting dates. The interactions here were due mainly to
differences in response of the determinate and indeterminate genotypes.

From this study, the results suggest that differences in response

of yield, maturity, lodging and height due to row width, date of



planting and irrigated versus dryland treatments are not sufficient to
warrant changes in a breeding program for development of soybeans for
different production systems. Selection for high-yielding genotypes
made from soybeans grown under irrigation, in wide rows and planted at
the conventional time proved to be adequate for all environments tested.

The change in components of yield across treatments was the topie
of the third study. Measurements of seed weight and number of plants,
nodes, pods, and seeds were made on a .24 m2 area in each plot. In
general, reductions in seed weight and number of nodes, pods, and seeds
occurred when planting was delayed and when plants were grown under
dryland conditions. Yield components in 1980 were significantly lower
than in 1981 due to temperature and moisture stresses prevalent in that
year. Correlations were made between yield and each of the yield
components for genotypes within a maturity group, within all possible
combinations of planting date, irrigation and row width treatments.
Similar correlation coefficients were seen across row widths with the
greatest number of significant correlations occurring in the dryland
treatments of each planting date.

Another area of interest in soybean varietal development is drought
tolerance, with limitation of soybean production primarily to areas
where rainfall or irrigation is sufficient for their growth. In the
second study, a hand=held infrared thermometer was used to measure the
leaf canopy temperature of twenty soybean genotypes under both irrigated

and non-irrigated conditions. In 1980, fourteen canopy temperature

measurements were made and nine made in 1981. Canopy temperature
differentials (Tg = canopy temperature = air temperature) were
consistently higher under dryland conditions. Values of Tq were

totaled, within a year, to derive the canopy temperature Sum value.



Canopy temperature Sum was found to be negatively correlated with yield
in both irrigation treatments in 1980 and not significantly correlated
with yield in either irrigation treatment in 1981. In order to use leaf
canopy temperature as a measurement of stress tolerance, a measurement
of yield stability had to be made. Yield ratio (dryland yield/irrigated
yield) was used as this measurement of yield stability. Correlation of
yield ratio and canopy temperature Sum was significant in 1980 in the
dryland treatment only. Yield ratio and Sum were not significantly
correlated in the irrigated treatment in 1980 or in either irrigation
treatment in 1981,

In 1980, evaporative demand was great with air temperatures
abnormally high and moisture was limiting with rainfall well below
normal. A reversal in environmental conditions occurred in 1981 with
air temperatures at or below normal and rainfall above normal. In both
years, genotypic differences for canopy temperature Sum existed, but
genotypic response was not the same across years. The lack of
association of canopy temperature Sum with yield and with yield ratio in
1981 seems to be due to the lack of moisture stress and the relatively

low evaporative demand which existed in this year.





