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same hybrids and pmcudwr@" were used af all locatious, so
the differences amon Ogaumm@ can be attributed to soil,
term Oﬂ’raﬁurey and rai . The S@MS at U he first four loca-
tions are moisture-re s; those at Becker and
Grand Rapids are mjmy Lambe rton, in southwestern

Minnesota, had the highest temperatures and least rainfall
in August, and maximum yield was attained at only 15,000
plants per acre, Populations of 25,000 plants per acre were
reguired for maximum yield on s audy soil at Grand Rapids
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Table 2. Average sunflower plant height, lodging, head diameter, and
head moisture perceniage at harvest in five plant populations at six
leeations in Minnesota

Population/acre Height Lodging Head diameter Head moisture

{plants) {inches) (percent) {inches) {percent)
70006 ..., ..., 60 23 11 43
10600 ......... 62 23 10 34
15000 ....... .. 55 26 8 25
20000 ......... 67 29 8 22
25000 ......... 70 38 7 20
LSO 5% 1 3 0 2

Table 3. Head moisiure percentages at harvest of sunflower populs-
tions with and without preharvest desiccant spray at Morris

1978 1979
Sodium
Population/acre  Paraquat No spray Paraguat chlorate Nons
(plants) {percent)

7000 ... 53 71 — — -
10,000 .......... 41 59 27 29 34
15000 .......... 27 43 — — —
20000 .......... 24 37 20 24 29
25000 .......... 21 32 — —

LSD 5% 2 5 5 5 5

Table 4. Average test weight per bushel, oil percentage, and large
seed percentage of seed harvested from five plant populations at six
iocations in Minnesota

Test weight/bushel

Population/acre  Gilseed  MNonoilseed gil'  large sead?
{plants} {pounds) {percent)  (percent)

7000 ... ... .. 315 229 375 81
16,000 ... .. 32.3 235 387 70
15000 .......... 327 244 414 50
20000 ........ .. 32.8 25.0 42.2 36
25000 ..., 334 254 424 24
LSD 5% 0.2 0.2 05 3

10 percent moisture hasis. 2Held on a 20/64 round-hole sieve.

Head diameter and head moisture percentage de-
creased with increasing population (table 2). The lower
head moisture of high populations is evident soon after
physiological maturity, and this early drying advantage
persists throughout the dry-down period. Early dryness
permits early harvest and results in less exposure to
damage from birdfeeding and weather. Early dryness is of
major importance both in southern Minnesota, where the
crop may mature in early September, and in northern
Minnesota, where snow may prevent harvest until spring.
Preharvest desiccant sprays shortened the drying period,
but they did not change the relationship between plant
population and head moisture percentage (table 3). Ia-
creasing plant population reduced head moisture percent-
age with or without preharvest desiccant spray.

Large heads resulting from low plant populations
often bend their stalks so that the heads face down,
whereas heads in medium or high populations usually hold
their faces vertically to the ground. Hybrids also differ
greatly in head position, and some hybrids have vertical
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The taller plants at the right of agronomist D. L. Rabas are in a 20,000-
plant-per-acre population; the shorter planis at the left are in a 7,000
population.

head faces while others have inverted faces. The inverted
face position may be a disadvantage in barvesting or if
spray contact with the face is important in insect control.
On the other hand, inverted faces may reduce birdfeeding.

Plant population also affects the quality of the seed
produced. Both test weight and il percentage increased
with increasing population (table 4). Seed from oilseed
hybrids at all populations greatly exceeded the 27-pound-
per-bushel minimum test weight required for Grade 1
oilseed sunflower. But 15,000 or more planis per acre were
needed to produce the 24-pound-per-bushel minimum
required for large nonoilseed sunflower, Price premiums or
discounts may be given for oilseed sunflower above or

A large head from a 7,000-plant-per-acre population and a smaller head
from a 20,000 population are compared by Browa County Extension
Director L. G. Peichel. The heads face the ground in the 7,000-plant-per-
acre population.



Table 5. Sunflower vield, seed guality, and lodging frem four plant acre for nonoilseed and 17,000 to 22,000 plants per acre
populations at Waseca for oilseed sunflower are common.
Yield/acre Large The soil, weather, and managerent at Waseca ha
Population/acre  1971-74 1979 1980  Oil' seed? | gdgmc resulted in unusually high vields of sunflower. Corn ywiw
{plants) = -=me-mmees {pounds) ---------- {percent)  (score}® at Waseca are also much higher than those at other
20000 ... ... 3161 1946 2969 410 95 39 Minnesota Agricultural Experiment Stations. In this favor-
25000 ... ... 3360 2217 2452 414 70 37 able environment, sunflower yields were significantly
0000 .. ... 3640 2108 3371 419 12 43 higher at 35,000 plants per acre than at lower populaiions
/OO ... 4,115 2,380 3614 422 ] 5.7 (table 5} Sunflower :I‘ﬂseaws and suntlower moth were
LED 5% 220 200 228 04 5 0.5 wsually orevalent in these irials but did not cause maior
'1979-80; 10% moisture basis. ?1979-80; nonoilseed; held on a 20/64 round- losses @XC@pi in 1972, whei iture ripening caused
hole sieve. $1979-80; 1=srect, 9=flat serious d [nereasin nomﬂﬂuow increased
both vield a he seed but decreased
below 40 percent oil. On the average, it took seed size. I 'QU A
more plants per acre to produce seed of over 40 produce

food market.

at a 10 percent moisture level.

Large grade nonoilseed sunflower must contain at
least 30 percent large seed, but processor-grower coniracts
often specify 40 percent. On the average, populations over
15,000 plants per acre did not pmdum 40 percent large
ver, percentage ON arge seed also varjed with
d and E@Pmﬂor A maximum pﬂpuﬂaﬂ o of 10,000
aker mmpwes v 1axinum QQU‘U]3=
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20,060 . . 4.0 3.8 2.9 2.5 2.0 1.8

25000 ... 8. 5.0 a2 3.6 31 2.5 2.3

Fpo00 ... 10.0 6.0 5.0 4.3 3.8 3.0 2.9
YIncrease for less than 100 perceni germination by using this formula; WELLQJU[ lncrease by & o 20 perceni to allow Tor seed and yourg plant morialivy.
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Seed cost per acre is usually more for ronuLe
pile (left) and 11,000 seeds in the oilseed pi

size gfaaes The sma
seeds per pound similar to some gra@e A geed
“trash” grade of small, hrhaw ight .
percent of the ungraded seed lots mod d‘ piams of low
seedlfmg vigor and 22 percent lower me]d tha
from the Omer grades. North Dakota research sl
very small (11,700 sceds per pound; size 5) see
percent compared with 89 percent emergence for large
(5, 7’@0 seeds per pound; size 2) seed, but y@las did not
differ.? In another @wdy, small and large seed emerge
equally well when planted up to 2.5 (‘1Chec deep, but
emergence of large seed was greater than that of smail at 3
and 4.5 inches.?
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ARRANGEMENT

Row Direction

Sunflower is ynomgmpac from ernergence to flowering.
The head and leaves face east in the morning and west in
the evening. About a day before the ray f wWers open,
phototropic movement ceases and most heads face the
east. Other common field crops of Minnesote do not have
this directionally-criented morphology of the mature stem,
so only shape, slope, and drainage of the field are consid-
ered in choosing row direction. However, the pumou@mc
growth of sunﬂowef makes consideration of other factors
advisable

Sunflower grown at Rosemount, Minnesota, in east-
west, in north-south, and in 16 other magnetic c@mpass
row directions did not differ in yield, oil percenmg@ large
seed percentage, seed w zghi or test de-_w But lodging
was significantly greater in east-west than in noith-south
FOWS.

Harvesting losses are sometimes slightly greater when
combines approach east-west rows from the west. Some
growers with combine pans 9 or 10 inches wide (Qmmbie
for all row spacings, in contrast with wider pans for Spe 1
row spacings) found that losses were reduced by driv

UQ(?

R. G. Robinson, 1974. Sunflower performance relative to size and weight
achenes planted. Crop Sci. 14:616-618.
?A. A. Schneiter and B. K. Johnsen. 1979. Size of sunflower planting seed in relation
tU stand establishment and yield performance. Proc. Sunflower Forum 3:.2.
J. Radford. 1977. Influence of size of achencs and depth of sowing on growth and
yldd of dryland ovilseed sunflower on the Darling Downs. Austr. J. Exp. Agric.

Anim. Husb. 17:489-494.
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Sunflower at the left was hilled at the

grain farmers in parts of central North Dakota and Canada
who do not have row crop planters sow sunflower in
Wﬁd@ﬂi spaced rows for intertillage or in noncultivated
rows 6 to 18 inches apart.
A‘[ optimum populations, sunflower should produce
highest vields when row spacing and plant spacing in the
row are equal. This equidistant spacing produces an earlier
and more complete soil cover than other spacings. As a
result, more Dunhgm is intercepted by the foliage. The
greater interception increases @hor@sy“ﬂme is per acre e and
reduces evaporation of water from the soil. The more
cumplete soil cover zlso intercepts more rainfall and may
reduce runoff and soil erosion. | Equidﬁstam plant spacing in
30-inch rows “”@S'AIM in an inadequate population of 7,000
sunflower plants per acre. The 40-year trend in corn,
soybean, and gmm sokg hum production has been to reduce
row spacing in order to gain g greater uniformity of plant
distribution.

S OWET grov inrows 22, 30, or 38 inches apart did
not differ in seed yield, oil pprcemages large seed percent-
age, seed weight, seed test weight, height, or flowering

date.” Results were consistent among f ﬁve povma[mms and
ls at Waseca, Lamberton, Morris, and Grand Rap-
The height and phototropic grow

habit of sunflower
may be re@‘a@mﬂ@lg forthe fact that vield was unatfected by
row spa However, stallk %d@z increased as row
apacmg increased and plant spacing in the rows decreased.
The increased lodging that resulied from close spacing of
phmg m WI'\’I(-" rows is in agree mrm \Vl'lfih the 1”}1@?@51&;«@
populations,
W rows
nifs are closer
22-inch row

ng
&
th

disease caused

o
scl ; ;y spreads by root con /i
eq iween planis delay ﬂ nis contact
Spa 12 inches may reduce losses. How-
ev spacing does not control spread of the asco-

last cultivation; that at the right was not.

Table 7. Plant spacings for five populations in various row spacings

Row spacing

Poputation/ 12 22 30 38
acre inches inches  inches inches Other'
{plants}  ----m--oe- plant spacing {inches} ---------- {number)
10,000 ....... 52.3 285 209 16.5 527
15,000 ... ..., 34.8 19.0 13.9 11.0 418
20000 ... ... 26.1 14.3 10.5 8.3 314
25000 ... ... 209 114 8.4 6.6 251
30000 ..., 174 9.5 7.0 5.3 209

'For plant spacing in any row spacing, divide the number given by the row spacing in
inches.

spores that cause head rot, nor does spacing help if the soil
is uniformliy infested with sclerotia.

Wide row spacings are sometimes juse ed in western,
dryland farming areas as a substitute for fallow. Sunflower
row spacings of 90 and 30 inches at a ‘mpulaum of 10, @0”‘
plants per acre were compar ed on dryﬂand sand at Becker.”
Some moisture in the middle of the 90-inch spaces might be
retained till flowering, in mmtfas‘“ to dcpﬂ@tmm of moisture
in the 30-inch spaces by seedling 10 wikh. @umﬂowef plants
in the 90-inch row spacing were 9 inches taller and lodged
more than those in 30-inch rows. Despite the 60-inch
difference in row spacing, vields did not differ significantly;
they were about 1,100 pounds per acre.

Experimental sowings with a grain drill in nonculii-
vated rows 6 or 12 inches apart during the 1950s at
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The potential gain from noncultivated, narrow-row
sunflower does not warrant the risk of poor weed control

“R. G. Robinson, D. L. Rabas, L. H. Smith, D. D. Warnes, J. H. Ford, and W. E.
Lueschen. 1976. Sunflower population, row width, and row direction. Minn. Agric.
Exp. Stn. Misc. Rep. 141:1-24,

°R. G. Robinson, J. H. Ford, W. E. Lueschen, D. L. Rabas, L. J, Smith, D. D. Warnes,
and J. V. Wiersma. 1980. Response of 5u1ﬂower to plant populatmﬂ Agromn. J.
72:869-871.



and harvesting problems if the crop lodges. A comn or
soybean header may do a fair job of salvaging lodged plants
in 30-inch rows but not in a solid-seeded field. Nonculti-
vated, narrow-row sunflower usually fails to produce a
crop on dryland, sandy soil. On silt loam or clay soils,
where a plant population of 20,000 is suggested for culti-
vated rows, a final plant population of 23,000 to 25,000 is
suggested for noncultivated rows 12 inches apart. A plant-
ing rate of at least 30,000 seeds per acre may be expected
to produce an initial stand of 27,000 plants per acre. In
addition to a preplant incorporated application of herbi-
cide, postemergence use of a coil spring harrow, rotary
hoe, or weeder is usually necessary and will reduce the
stand to 25,000 plants or less. The final population should
be slightly higher than that suggested for cultivated rows;
the higher population should result in a faster dry-down. A
more even distribution of plants is possible in 12-inch than
in 30-inch rows and may be expected to reduce lodging.
But this advantage is counterbalanced by preventing hill-
ing-up to reduce lodging.

Plant Spacing in the Row

Plants too far apart and too close together are common in
fields of adequate average population. Unevenness is
assumed to be undesirable, but the lack of response to
increased uniformity from close row spacing suggests that
moderately uneven stands of sunflower may not affect
yield. The effects of uniform and nonuniform plant spac-
ings within an overall population of 20,000 plants per acre
in rows 30 inches apart were measured at Waseca, Lamber-
ton, Morris, Crookston, and Grand Rapids in 1979 and
1980.°

The distributions tested included uniformly spaced,
clumped, and widely spaced plants: a) uniform single—
plants 10.5 inches apart, b) uniform double—two-plant
groups 21 inches apart, ¢) 5-5-5—five plants 5.25 inches
apart, 31.5-inch space, five plants 5.25 inches apart, 31.5-
inch space, etc., d) 7-1-7—seven plants 3.5 inches apart,
31.5-inch space, one plant, 31.5-inch space, seven plants
3.5 inches apart, 31.5-inch space, one plant, etc.

Plant distribution significantly affected sunflower
yield in four of the nine trials and at three of the five
locations (table 8). Yields were greater from uniform than
from uneven plant spacings, and the uniform, single-plant
spacing gave the highest average yield. Both oilseed and
nonoilseed hybrids responded the same to the plant distri-
butions except at Waseca in 1979. In that trial, uniform

R. G. Robinson, J. H. Ford, W. E. Lueschen, D. L. Rabas, D. D. Warnes, and J. V.
Wiersma. 1982. Response of sunflower to uniformity of plant spacing. Agron. J.
74:363-365.

Sunflower in the foreground is in 90-inch and that in the rear is in 30-inch
row spacing. The mesh bags over the heads prevent birdfeeding.

Sunflower planted with a grain drill in rows 6 inches apart. Row spacings
of 12 or 14 inches obtained by using alternate furrow openers on the drill
are preferred over 6- or 7-inch spacings.

spacing of single plants resulted in the highest yields of
USDA 924 but not of USDA 894. The latter hybrid was
injured severely by premature ripening, which may have
overshadowed the effect of plant distribution.

The central plants in the five- and seven-plant groups
were in populations of 40,000 and 60,000 plants per acre,
respectively, and the single plants alternated with the
seven-plant groups were at a population of less than 7,000
plants per acre. Despite this wide range in plant population
within the overall population of 20,000 plants per acre,
vield was decreased by an average of only 10 percent by
uneven plant distributions. The greatest yield reduction
from nonuniform spacing within a single trial amounted to
31 percent. The nonuniform spacings in these trials are not
extreme and are similar to those found intermittently and
randomly in most sunflower fields. Consequently, these

Table 8. Sunflower yields from four distributions of 20,000 plants per acre at five locations in Minnesota

Crookston Morris Lamberton Waseca Grand Rapids Average
Distribution 1979-80 1979-80 1980 1979-80 1979-80 9 trials
{plants) {pounds/acre)
Uniform single ....... 2,046 2,650 2,982 2,394 2,468 2,455
Uniform double....... 2,067 2,322 2,466 2,334 2,488 2,321
555, .. 2,085 2,101 2,377 2,306 2.377 2,231
7-1-7. 2,004 2,045 2,466 2,292 2,219 2,190
LSD 5% 169 201 385 205 139 71
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