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ABSTRACT
Semidwarf sunflower (Helianthus annuus L.) hybrids recently be-

came available to producers. Information on the response of this
plant type to different cultural practices is limited. Field studies were
conducted at two locations in 1984, 1985, and 1986, to determine
the effect of different row arrangements and plant populations on
yield, yield components, and other agronomic traits of a semidwarf
(SD) and a standard height (SH) sunflower hybrid. Plant popula-
tions evaluated were 35 000, 50 000, and 65 000 plants ha-1. Row
arrangements evaluated consisted of (i) conventional rows, spaced
0.76 m apart, (ii) solid seeded rows, spaced 0.38 m apart, and (iii)
twin rows, two rows 0.19 m apart on 0.76 m centers. A path coef-
ficient method was used for yield component analysis. Analyses
across environments indicated no statistical differences for yield
among hybrids, plant populations, or row arrangements. Significant
environment X hybrid, environment X row arrangements and en-
vironment X arrangement X population interactions on yield were
found. The SH type outyielded the SD at all environments, although
statistically significant differences were found in only four of the six
environments. In general, plant population and number of seeds per
head were the yield components having the greatest direct effect on
yield. The direct response of plant population was masked by the
negative effect of seeds per head and seed weight, resulting in a low
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coefficient of correlation. Harvest index of SH (36%) was statisti-
cally higher than for the SD (32%). The difference was due to the
heavier receptacle of the SD. This indicates that possibilities exist
to improve semidwarf genotype yield by reducing receptable weight.

SUNFLOWER is an important crop in the Northern
Great Plains. Increased productivity of a crop can

be obtained by several methods including genetic im-
provement, the use of more efficient production prac-
tices, or by combination of the two. Three variables
that a producer can manipulate to influence the pro-
duction of a given crop are: hybrid selection, plant
population, and row arrangement.

Semidwarf sunflower hybrids became commercially
available to producers in 1985. Information on the
potential and performance of this plant type is limited.
Paccuci and Martignano (1975) indicated that dwarf
sunflower cultivars required higher populations and
more narrow row spacings for maximum grain pro-
duction than conventional types. Conventional height
and semidwarf sunflower hybrids had similar re-
sponses to different plant populations when grown at
the traditional 0.76 m row spacing (Schneiter et al.,
1984; Majid and Schneiter, 1987; 1988). It is not
known if a similar response would be obtained under
different row arrangements. Miller and Pick (1978)
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and Holt and Campbell (1 984) indicated that sunflow- 
er adjusts to varying plant populations by changes in 
number of seeds per head and seed weight. Other re- 
searchers have reported both significant increases (Ro- 
binson et al., 1980; Silva and Schmidt, 1985) and 
decreases (Narwal and Malik, 1985) in yield with 
changes in plant population. 

Solid seeding of sunflower with a standard small 
grain drill has been an attractive alternative to pro- 
ducers who do not have row crop equipment. Alessi 
et al. (1977) and Radford (1978) reported increased 
sunflower yield as width between rows was reduced 
from 0.90 to 0.30 m and from 1.08 to 0.36 m, respec- 
tively. Other researchers have reported that sunflower 
yield on dryland was not influenced by row arrange- 
ment (Smith et al., 1981; Khalifa, 1984). Little or no 
effect has been reported on yield of sunflower grown 
under the double-row system (De Leon-Lopez et al., 
1980; Silva and Schmidt, 1985). As with plant popu- 
lation, sunflower seems to have the flexibility to re- 
spond to different row arrangements. 

This study was conducted to determine the influ- 
ence of plant population and row arrangement on 
yield and other agronomic traits of a semidwarf and 
standard height sunflower hybrid, and to identify the 
relative importance of the yield components in these 
two hybrids. 

MATERIALS AND METHODS 
Two hybrids differing in height were used in these field 

experiments. A semidwarf hybrid (SD) was obtained cour- 
tesy of Sigco Research, Breckenridge, MN, and compared to 
hybrid 894, a commonly grown conventional height (SH) 
hybrid. The SD and SH hybrids are closely related, the major 
difference being dwarfing gene(s) in the female parent (Fick 
et al., 1985) of the SD hybrid. The two hybrids were grown 
at three plant populations (35 000,50 000, and 65 000 plants 
ha-') and three row arrangements. Row arrangements con- 
sisted of (i) conventional rows, spaced 0.76 m apart, (ii) solid 
seeding, rows spaced 0.38 m apart, and (iii) twin rows, two 
rows 0.19 m apart on 0.76 m centers. Treatments were ar- 
ranged in a factorial and replicated four times in a random- 
ized complete block design at all locations. Experimental 
units consisted of either 6 conventional rows or 12 rows 
(solid seeding and twin rows) 6.4 m in length. 

Studies were conducted at Prosper and Carrington, ND, 
during the 1984, 1985, and 1986 growing seasons. Soils at the 
Prosper location are mostly Perella (fine-silty, frigid, mixed 
typic Haploquoll) whereas soils at Carrington are composed 
of Heimdal (course-loamy mixed Udic Haploboroll) and Em- 
rick (coarse-loamy mixed Pachic Udic Haploboroll). 

Experiments at both sites were overplanted and thinned 
to the desired plant population at the V2 to V3 stage (Schnei- 
ter and Miller, 198 1 ). The crop was seeded at the beginning 
of June and harvested at the beginning of October at all 
environments. Recommended agronomic practices for op- 
timum production were followed. Fertilizer was applied to 
obtain a yield of approximately 2 400 kg ha-' (Dahnke et al., 
1981). Chemical weed control at all locations consisted of 
spring preplant incorporated application of trifluralin (a,a,a- 
triflouro-2,6-dinitro-N,N-dipropyl-p-toluidine) at 0.75 kg 
ha-'. Chemical weed control was supplemented by hand 
weeding when needed. 

Grain yield was evaluated from the center 3.0 m from 
each of the two middle rows of the six-row plots and from 
the center 3.0 m from each of the four middle rows of the 
12 row plots. Average seed wight and seed number per head 
were calculated from six randomly selected plants from each 
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Fig. 1. Path coefficients of sunflower yield components, plants ha-' 
= 1, seeds head-' = 2, seed weight = 3, seed yield = 4, and X 
= residual factors. Broken line represents the correlation coeffi- 
cients between variable hij, while solid line represents the direct 
influence between variables as determined by the part coeffi1:ient 
pij. 

plot at maturity. Harvest index (HI) was calculated as (dry 
matter of grain yield of six plantsfiiological yield of six 
plants) X 100. Components of HI were calculated by divid- 
ing the plant dry weight into the receptacle, stalk and seed. 
Stalk diameter was measured at the base of the six plants 
with a caliper. Plant height was measured at stage IU.1 
(Schneiter and Miller, 1981), as the distance from ground 
level to the base of the receptacle of 10 randomly selected 
plants. Oil content was determined by nuclear magnetic res- 
onance. Oil yield was calculated as grain yield X percent oil, 
while test weight was recorded as the weight of 0.47 I; of 
clean seed. Yield variables were determined during the 1984, 
1985, and 1986 growing seasons whereas the other agro- 
nomic traits were evaluated during the 1984 and 1985 grow- 
ing seasons only. 

For analysis of variance, locations and years were com- 
bined and termed environments. Environments were con- 
sidered as random effects whereas hybrids, plant population, 
and row arrangements were considered fixed effects. Error 
variances from separate analyses of the data were tested1 for 
homogeneity using Bartlett's test and were found homoge- 
neous (Bartlett, 1937). To obtain true correlations between 
yield components and yield, and among yield components, 
path coefficient analyses (Dewey and Lu, 1959) were clom- 
puted in 1984 and 1985. The three yield components that 
were directly related with yield were included in the path 
coefficient analysis, and are shown in Fig. 1. 

Sclerotinia head rot (Sclerotinia sclerotiorum Lib. de Hay) 
incidence was high in 1985. Level of infection (HRI) was 
determined by counting number of infected plants on 20 
consecutive plants plot-'. 

Daily growing-degree days were calculated by subtracting 
7.2 "C from the average daily temperature (Robinson, 1971) 
whereas seasonal growing-degree days (GDD) were calcu- 
lated by accumulating DGDD throughout the growing sea- 
sons. Temperatures lower than 7.2 "C were set at 7.2 "C. 

RESULTS AND DISCUSSION 
Climatological conditions 

In 1984, both temperature and GDD were near rior- 
mal. Precipitation in 1984 was above normal in June 
but below normal the rest of the growing season. Soil 
moisture at seeding was at soil capacity and the crop 
was not stressed for moisture. Temperatures and GDD 
in 1985 were below normal whereas precipitation was 
above normal most of the growing season. Tempera- 
tures and GDD during the 1986 growing season were 
slightly above normal whereas precipitation was ap- 
proximately 36% above normal. 
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Fig. 2. Grain yield (kg ha-') of semidwarf (SD) and standard height 

(SH) sunflower hybrids grown at different row arrangements: 0.76 
m rows (Al), solid seeding (0.38 m rows) (A2), and twin rows 
(double rows 0.19 m apart on 0.76 m centers) (A3) at Prosper 
and Carrington, ND, during 1984, 1985, and 1986. LSD values 
are at P < 0.05. 

Yield analysis 
Analysis of the data across environments indicated 

no statistical differences in yield due to hybrid, plant 
population, or row arrangement, or among their in- 
teractions (data not presented). Statistically significant 
differences (P < 0.001) for yield were found due to 
hybrid X environment, and row arrangement X en- 
vironment interactions. Fick et al. (1 985) reported 
similar findings with regard to row arrangement. These 
same authors reported no statistical difference between 
Sigco semidwarf 1 and Sigco 454 (conventional height) 
hybrids, at 50000 plants ha-', when grown in rows 
spaced either 0.38 or 0.76 m apart, Results in this 
study confirm results reported by Schneiter et al. 
(1984) and Majid and Schneiter (1 987). 

Row arrangement X environment and hybrid X 
environment interactions are depicted in Fig. 2. The 
LSD values presented in Fig. 2 were derived from an 
analysis at each environment. The hybrid X environ- 
ment interaction is associated with magnitude of 
change in yield rather than with changes in rank. The 
statistically significant row arrangement X environ- 
ment interaction was the result of differences in rank 
of the various row arrangements across environments 
(Fig. 2). Analysis of variance of the data from Prosper 
indicated significant yield differences as a result of row 
arrangement X environment and hybrid X environ- 
ment interactions. The large differences in yield at 
Prosper 1985 can be explained by a higher incidence 
(P < 0.001) of sclerotinia head rot. Higher levels of 
this disease in SD than in SH hybrids in research plots 
have been noted previously (A. A. Schneiter, 1985, 
personal communication). Either this genotype is 

more susceptible than others evaluated or the micro- 
climate developed by: (i) the SD hybrid itself (since 
this genotype is nearer the soil surface) or (ii) by SD 
plants surrounded by plots of SH sunflower resulted 
in a microclimate having high humidity. Yield of the 
SD from the Prosper 1985 experiment was regressed 
against HRI and a significant (P 5 0.05) negative lin- 
ear regression was found (R2 = 0.45) (data not pre- 
sented). No such relationship was found with the SH 
hybrid (R2 = 0.04). The regression relationship ob- 
tained for SD indicated that for each increase of 1% 
in the incidence of head rot, yield decreased 9.2 kg 
ha-'. 

Growing conditions at Carrington, where North Da- 
kota sunflower production is centered, are normally 
drier than at Prosper. Analysis of variance across years 
at Carrington indicated significant yield differences as 
a result of the hybrid and the environment X row 
arrangement interactions. Average yield of the SH hy- 
brid was 8% higher than for the SD hybrid. 

Yield components analysis 
Sunflower yield components are: number of plants 

per hectare (PP), number of seeds head - I  (SPH), and 
mean seed weight (SW). Analysis of variance of the 
yield components indicated significant differences in 
seed weight due to environment X hybrid, environ- 
ment X row arrangement and plant population. SPH 
was significantly influenced by plant population (data 
not shown). As plant population increased, both SPH 
and SW decreased. These compensatory effects explain 
why no yield differences, as a response to various plant 
populations, are commonly observed. Competition ef- 
fects due to high plant populations for water, nutrients, 
and light can lead to reduced seed size and head di- 
ameter which can decrease SPH. Yield components 
were regressed against yield resulting in the multiple 
regression equation: 

YIELD = -3740.23 + 0.04 PP + 1.75 SPH 
+ 52.95 SW, (Rz = 0.93). 

Similar direct and indirect effects were found with 
the different hybrids in the path coefficient analysis 
(Table 1). Direct effects were higher for SPH and PP. 
By partitioning of the simple correlation coefficients, 
it is possible to determine how the yield components 
influence yield. The usefulness of the path coefficient 
method (as compared to correlation analysis) can be 
illustrated by consideration of the SH hybrid (Table 
1). The simple correlation coefficient between PP and 
yield was nonsignificant (r  = 0.044). A partition of 
the simple correlation coefficient into various com- 
ponents can detect what factors contribute to the ob- 
served correlation. Path analysis, conducted when the 
effect of SPH and SW were held constant, indicated 
that plant population was a major factor influencing 
seed yield (Table 1). The indirect effect played an es- 
sential role and masked the direct influence. Plant pop- 
ulation via SPH had a strong negative indirect effect 
(-0.758) upon yield because PP was negatively cor- 
related ( r  = -0.66, r values between yield compo- 
nents are not shown in Table 1) with SPH. The direct 
effect of SPH on yield was high (PZ4 = 1.145) which 
determines the high indirect effect (rI2 X P2J. The 
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Table 1. Path coefficient analysis of plants ha-', seeds head-', and 
seed weight for semidwarf (SD) and standard height (SH) sun- 
flower hybrids averaged over three row arrangements and four 
environments. 

Table 2. Path coefficient analysis of plants ha-', seeds head-', and 
seed weight for three sunflower row arrangements: 0.76 m irows 
(Al), solid seeding (0.38 m rows) (A2), and twin rows (two rows 
0.19 m apart on 0.76 m centers) (A3). 

Hybrids Row arrangements 

Pathwav of association SD SH Pathwav of association A1 A2 A3 

Yield vs. plants ha-' 

Direct effect 0.959 
Indirect eff. via seeds head-' -0.766 
Indirect eff. via seed wt. -0.338 
Total correlation -0.145NSt 

Direct effect 1.036 
Indirect eff. via plants ha-' -0.710 
Indirect eff. via seed wt. 0.302 
Total correlation 0.646*** 

Direct effect 0.632 
Indirect eff. via plants ha-' -0.513 
Indirect eff. via seeds head-' 0.525 
Total correlation 0.644*** 

RZ 0.937*** 

*** = significant at 0.001 level. 
t NS = nonsignificant at 0.05 or greater value. 

Yield vs. seeds head-' 

Yield vs. seed weight 

1.302 
-0.758 
-0.501 

0.044NS 

0.145 
-0.862 

0.109 
0.391*** 

0.961 
-0.678 

0.130 
0.423*** 
0.903*** 

Yield vs. plants ha-' 
Direct effect 
Indirect eff. via seeds 

Indirect eff. via seed wt. 
Total correlation 

Yield vs. seeds head-' 
Direct effect 
Indirect eff. via plants 

Indirect eff. via seed wt. 
Total correlation 

Yield vs. seed weight 
Direct effect 
Indirect eff. via plants 

Indirect eff. via seeds 

Total Correlation 

head-' 

ha-' 

ha-' 

head-' 

R2 

0.937 
-0.730 

-0.298 
-0.091NSt 

1.054 
-0.649 

0.188 
0.592*** 

0.699 
-0.399 

0.283 

0.584*** 
0.934*** 

1.258 
-0.821 

-0.490 
-0.053NS 

1.191 
-0.867 

0.201 
0.525*** 

0.855 
-0.722 

0.281 

0.414*** 
0.91 1*** 

1.024 
-0.69:) 

-0.403 
-0.072!NS 

1.01 1 
-0.702! 

0.295 
0.603*** 

0.715 
-0.577 

0.420 

0.558*** 
0.929*** 

indirect effect of PP on yield via seed wight was alscl 
negative ( - 0.50 1) but somewhat smaller. This would 
indicate that the main indirect effect of PP on yield iz, 
through SPH. The net effect in this system of opposing; 
influences was that the two negative effects almost out- 
weighed the one positive effect, resulting in the non- 
significant correlation coefficient between PP anc. 
yield. The path coefficient analysis could bear out the 
interaction found in the combined analysis between 
plant population and hybrids. In the SD hybrid, thc: 
rank of importance of yield components (when as- 
sessed through the direct effect) was SPH, PP and SW, 
whereas in SH, the rank was PP, SPH and SW (Tablc: 
1). 

Similar results were found when the path coefficient 
analysis was determined using different row arrange - 
ments (Table 2). The direct effect of PP on yield was 
masked by the indirect effects of SW and SPH. Plant 
population appears to be more important under solid 
seeding and twin rows than under conventional rows. 
The values of the simple correlation coefficient werc: 
similar for SPH and SW. 

Path coefficient analysis has previously been carried 
out in sunflower (Lakshmanrao et al., 1985; Tyagi, 
1985). Our study, however, considers only the true 
yield components that are related to yield. The result 5 
indicate that the number of SPH would be the most 
important yield component that a breeder should con- 
sider for yield increase under nonstress conditions. 
Plants per hectare is a variable controlled by the pro- 
ducer and if it does influence yield, the effect is offset 
by the compensatory effect of the other yield com- 
ponents (SPH and SW). Higher heritability values 
have been reported for yield components than for yield 
(Fick, 1978) suggesting that selection for increased 
yield through selection of yield components may hav 2 
value as a breeding procedure. 

Oil content and test weight 
Oil content and test weight were not significantly 

different between hybrids or among row arrangements, 
but were highly affected by PP. In our study both oil 

*** = Significant at 0.001 level. 
t NS = nonsignificant at P = 0.05. 

percent and test weight decreased as PP decreased. 
Other researchers have observed a similar trend Ro- 
binson et al. 1980). Vranceanu (1977) reported that 
sunflower achenes produced at low plant populations 
had a greater percent hull resulting in decreased oil 
kernel percent. Environment X hybrid (P < 005), 
environment X row arrangements (P < 0.01) ancl en- 
vironment X PP (P < 0.05) effects were significant. 
In our study, differences in oil content were not large 
enough to result in differences in oil yield. Significant 
test weight differences among grain grown at different 
plant populations were found, suggesting that as plant 
population increased, seed density increased. 

Harvest index 
Kesteloot (1 982) and Lakshmanrao et al. (1 985) re- 

ported that HI was highly related to yield by lboth 
correlation and path coefficient analysis methoclolo- 
gies. The plant population at which the hybrids were 
grown had a significant effect (P < 0.01) on HI (Table 
3). As plant population increased, HI of both hybrids 
decreased. This response would suggest that at higher 
plant populations, increased competition among 
plants influenced seed yield proportionally more than 
it did biological yield because of the developmmtal 
stage at which the competition occurred. 

Biological components of HI are stalk, receptacle, 
and seed weight. Leaf weight could also be considered 
but it would be minimal by the time the crop is mature. 
Stalk dry weight and receptacle dry weight decreased 
significantly with increasing plant population (Table 
3). A significant interaction (P < 0.05) between en- 
vironment X hybrid and environment X row ar- 
rangement was detected for these traits. Stalk dry 
weight for SH was consistently higher in all environ- 
ments. The magnitude of the differences, however, 
varied across environments. Receptacle dry weight 
was consistently higher for SD when measured across 
environments. The environment X hybrid interaction 
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Table 3. Effect of hybrid, plant population, and row arrangements 
on agronomic traits of sunflower at four environments in ND. 

Treatments HIT SDWt RDWt RSWt PRt 

Hybrid 
SD 
SH 
LSD (0.01) 

Row arrangement 
Conventional 
Solid seeded 
Twin rows 
LSD (0.01) 
Plant ha-' 
35 000 
50 000 
65 000 
LSD (0.01) 
cv 

- 
32.7 
34.9 

NS# 

34.4 
33.5 
33.6 

NS 

35.2 
33.3 
33.0 

1.8*** 
9.8 

48.5 
66.7 
12.9** 

57.8 
52.0 
53.9 

NS 

62.2 
53.5 
48.0 

16.6 
4.1*** 

41.1 
31.7 
9.6** 

39.0 
34.3 
35.9 
NS 

43.2 
35.4 
30.6 
2.7*** 
2.1 

43.9 
48.8 

NS 

49.9 
43.6 
45.4 
NS 

56.1 
44.2 
38.7 

19.0 
3.8*** 

30.9 
22.8 
3.0*** 

27.0 
27.0 
27.0 
NS 

27.2 
26.9 
26.5 

NS 
10.8 

ignificant at P = 0.01 and 0.001, respectively. ** *** = s 
t HI = Harvest index; SDW = Stalk dry weight; RDW = Receptacle dry 

weight; RSW = Seed weight; PR = Percent of plant weight that is recep- 
tacle. 

$ NS = Not significant at P 2 0.05 level. 

for receptacle dry weight was related to the magnitude 
of change rather than change in rank. 

The SD sunflower hybrid, evaluated in this study 
was less efficient in the partition of photosynthate to 
grain. The reason for the lower HI can be thoroughly 
understood by analyzing the biological components of 
HI (Table 3). The SD hybrid had a significant higher 
percent receptacle (30.9%) than SH (22.8%). The SH 
hybrid allocated a higher proportion of photosynthates 
into the receptacle, which decreases its efficiency. Since 
HI depends on source/sink relationships, decreasing 
the receptacle weight of SD should increase both yield 
and HI. Other researchers have reported the same kind 
of relationship between short and tall varieties of sun- 
flower (Alekseev and Rodin, 1979). In their studies 
the proportion of receptacle in the whole inflorescence 
was greater in short than in tall varieties because trans- 
location of the photosynthetic substrate in the former 
was favored to the inflorescence rather than to the 
stem. Our results concur with these researchers who 
suggested that this trait should be considered in breed- 
ing programs of semidwarf genotypes. The reports in- 
cluded different genotypes and do not allow general 
conclusions to be drawn regarding the association of 
this undesirable trait and reduced plant height. How- 
ever, as stated previously, the hybrids used in this 
study were related, with the major difference being the 
occurrence of the dwarfing gene(s) in SD (Fick et al., 
1985). To draw a broader conclusion, near isogenic 
lines should be tested. However, tests with two sources 
of semidwarf sunflower hybrids were not significantly 
different for HI (Schneiter et al., 1984; Majid and 
Schneiter, 1987). 

Agronomic traits and their relation to yield 
Significant differences in stalk diameter as a result 

of differing plant population were evident (data not 
shown). Stalk diameter decreased significantly with in- 
creasing population. This was probably a result of in- 
creased plant competition for light, nutrients, and 
water. Hybrid X plant population and environment 
X hybrid interactions were also significant (P < 

0.00 1). As plant population increased, stalk diameter 
decreased more rapidly with SD than with SH, which 
would suggest that SD is more influenced by plant 
competition. The environment X hybrid interaction 
was the result of the different ranking of hybrids across 
environments. Averaged across all variables stalk di- 
ameters of SH and SD were not significantly different 
from each other. 

Averaged across hybrids head diameter decreased 
from 143 to 122 mm as plant population increased 
from 35 000 to 65 000 plants ha-'. This reduction di- 
minishes both SPH and SW, which contribute to the 
lack of yield response between treatments due to plant 
population. The hybrid X environment interaction for 
head diameter was significant (P < 0.001). In three of 
the four environments, SD had significantly larger 
head diameter than SH. The magnitude of the differ- 
ences, however varied among environments as at one 
environment no differences (P < 0.05) in head di- 
ameter were detected. Averaged across environments 
the SD hybrid had a significantly greater head diameter 
(138 mm) than the SH hybrid (126 mm) (data not 
shown). 

Plant height of the SD hybrid averaged 25% less than 
SH. This coincides with data obtained by other re- 
searchers (Schneiter et al., 1984; Fick et al., 1985). 
Decreased plant height was due to significantly (P < 
0.05) reduced mean internode distance (60 mm for SD 
and 80 mm for SH) between hybrids. A significant ( P  
< 0.05) hybrid X environment interaction was as- 
sociated with the magnitude of height change rather 
than with changes in rank. This indicates that envi- 
ronmental as well as genetic factors influence the dif- 
ferences between genotypes. Total dry matter per plant 
was similar for the two hybrids at all row arrange- 
ments. Highly significant differences in dry matter due 
to the effect of plant population were found. Total dry 
matter trends for hybrids and row arrangements were 
similar to those observed for yield (Fig. 2). At a low 
plant population, individual plants have less inter- 
plant competition and more space to develop and pro- 
duce dry matter than at  a higher population. 
Environment X hybrid (P < 0.001) and environment 
X row arrangements ( P  < 0.05) were significant for 
total dry matter. 

Simple correlation analyses between agronomic 
traits and yield were computed. Yield was highly sig- 
nificantly correlated (P < 0.001) with total dry weight 
( r  = 0.30), harvest index ( r  = 0.35), test weight ( r  = 
0.29), seed weight head-' ( r  = 0.65), and receptacle 
weight ( r  = 0.28). Yield was correlated (P < 0.05) 
with stalk diameter ( r  = 0.181, head diameter ( r  = 
0.13), and plant height ( r  = 0.14). Yield was not cor- 
related with either achene oil content or stalk dry 
weight. The high correlation between seed weight per 
head and yield was expected since seed weight per head 
is dependent upon two of the three yield components: 
SPH and SW. Variation in seed weight per head 
(SWH) can be explained by the following multiple 
regression equation: 

These data agree with results reported by Pathak 
(1 974) who observed a high correlation coefficient be- 
tween total dry matter and yield. 

SWH -39 + 0.04 SPH + 1050 SW (R2 = 0.99) 
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CONCLUSIONS
No statistical differences for yield were found among

hybrids, plant populations, row arrangements, or their
interactions. However, the SH hybrid outyielded the
SD in four of the six environments. Significant envi-
ronment X hybrid and environment X row arrange-
ments interactions for yield were found. In general,
plant population and number of seeds per head were
the yield components having the greatest direct effect
on yield. The direct effect of plant population was
masked by the negative effect of seeds per head and
seed weight, resulting in a low coefficient of correla-
tion, (r). Seed weight per head, harvest index, and bi-
ological yield were the agronomic traits with the
highest correlation with yield. The harvest index of
SH (34.9%) was higher than that of SD (32.7%) due
to the heavier receptacle. Results indicate that possi-
bilities exist for improvement of semidwarf hybrid
yields by decreasing receptacle weight when possible.
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