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R. G. ROBINSON 

Heredity and environment determine the yield of sunflower 
(Helianthus annuus L.). Heredity is more controllable than environment be
cause it is fixed when the cultivar is chosen. Environment is only partially 
controllable. Control of the environment to maintain optimum conditions 
for modern sunflower production is the topic of this chapter. 

In many areas of the temperate zones of the world, sunflower produces 
more oil per hectare than any other species. Most cultivars have a potential 
seed yield exceeding 3,000 kg/ha, but average yields in most states or 
provinces in North America are less than 1,500 kg/ha. Obviously, under 
normal production practices the environment is not controlled sufficiently 
to allow yields to reach the cultivars' potentials. 

ADAPTATION AND PHYSIOLOGIC CHARACTERISTICS 
OF THE SUNFLOWER PLANT 

Sunflower performs well in most temperate zones. The same cultivars 
often are grown in Europe, Asia, Africa, Australia, North America, and 
South America. Cultivars of few other crops show this wide range of 
adaptation. Various morphological, physiological, and economic character
istics of sunflower account for its wide adaptation. 

Light and Photosynthesis 

Sunflower requires adequate light. Sunflower grown in shade that ex
cluded 40070 of the natural light suffered a 64% reduction in yield. Yields 
were reduced 36% if shading was limited to only 27 days during flowering 
and seed development (135). Most crops are inefficient users of light and be
come light-saturated at considerably less than full sunlight (l08 klux). Sun-
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flower and corn (Zea mays L.) did not become light-saturated at relatively 
high levels of light (71). 

Sunflower leaves are phototropic with a lag of 12°, or 48 min in time, 
behind the sun's azimuth. Average daily interception of sunlight was 90/0 
greater than the maximum obtainable from a fixed position of leaves. Shell 
and Lang (173) calculated that phototropism could increase average daily 
photosynthesis by 10 to 23% compared with static leaf arrangements. 
Klimov et al. (91) found that leaves of a dwarf cultivar received photosyn
thetically active radiation of 464 cal min-I cm-2 at 0800 hour compared with 
only 296 cal min-I cm-2 for 'Majak.' The difference was attributed to great
er petiole mobility of the dwarf which changed leaf orientation to intercept 
light. Reception of energy was about the same (555 cal min-I cm-2) for both 
cultivars at 1200 hour. 

Crops like corn, sorghum (Sorghum bic%r (L.) Moench), and 
Amaranthus spp. have photosynthetic rates exceeding 50 mg C02dm-2 

hour-I under good conditions. But sunflower leaves maintain a medium
high photosynthetic rate through a wide range of temperatures. El
Sharkawy and Hesketh (45) found that 30 to 35C was optimum, and net 
photosynthetic rate exceeded 30 mg C02dm-2 hour-I from 23C to 39C in a 
glasshouse study. Photosynthesis continued at a medium-high rate even 
when leaves wilted, and it did not decline to zero until temperature exceeded 
45C. 

Oxygen inhibits photosynthesis of sunflower (104) and most other 
crops (Warburg effect). But photosynthesis of corn, sorghum, and sugar
cane (Saccharum officinarum L.) is not affected by oxygen (63). CO, com
pensation concentration is the minimum level of CO2 needed for plant sur
vival. Normal air contains 300 ILl/liter. Krenzer et al. (94) classified sun
flower as high (> 40 ILl/liter) and corn as low « 1 0 ,.tl/liter) in CO2 com
pensation concentration. Both the Warburg effect and the CO2 compensa
tion concentration tend to reduce the photosynthetic efficiency of sun
flower. 

Respiration 

Respiration occurring during the night, called dark respiration, sup
plies the biological energy for sunflower growth. The substrates consumed 
are carbohydrates, lipids, and proteins. Photorespiration occurs during 
daylight in sunflower and other C species (66, 119,214). Glycolic acid is the 
substrate, and the energy released is of no use to sunflower. Ludwig and 
Canvin (104) reported that photorespiration in sunflower was over three 
times the rate of dark respiration and was independent of CO2 concentra
tion from 0 to 300 ILl/liter. Photorespiration does not occur in C. species 
like corn, sorghum, sugarcane, and some species of A maran th us (66, 119, 
214). 

Development of C. metabolism in sunflower would greatly increase the 
crop's photosynthetic efficiency. Photorespiration of sunflower can be in
hibited by reducing oxygen concentration in the air from its normal 21 to 
2 %, and this reduction increased net photosynthesis by 43 % (70). 
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Net Assimilation Rate 

Sunflower has a relatively high net assimilation rate (NAR). Warren 
Wilson (207) reported a common range of 10 to 18 g m-2 leaf area- 1 day-l, 
but under good conditions the rates exceeded 28 g m-2 leaf area-1 day-l. He 
calculated that this high NAR would require maximum rates of photosyn
thesis of 50 to 65 mg C02dm-2 hour- 1 in active leaves. These rates equal 
those of C4 species and suggest a higher potential for sunflower than previ
ously reported. Togari et al. (192) reported NAR for rice (Oryza sativa L.), 
corn, sunflower, and soybean [Glycine max (L.) Merr.] as 30,24,21, and 18 
g m-2 leaf area-1 day-l, respectively. 

Temperature 

Tolerance to both cold and high temperatures contributes to sun
flower's adaptation in different environments. Sunflower seeds germinate 
at 4 C, but temperatures of at least 8 to 10 C are required for satisfactory 
germination (35). Emergence was faster at 15 C than at 10 C (179). Seed 
vernalization treatments of 0.5 C for 7, 14, 21, 28, or 35 days after germina
tion at 30 C for 24 hours did not affect yield, seed weight, height, or number 
of days to maturity (107). 

Young plants resist frost. Seedlings in the cotyledon stage have sur
vived temperatures of - 5 C. This resistance gradually declines until by the 
six to eight-leaf stage, temperatures slightly below freezing may injure the 
crop. Freezing of young plants may injure the terminal bud and result in 
branched plants of low yield. During flowering, freezing affects both sun
flower and its pollinators. Much of the 1965 crop in Minnesota was exposed 
to a mid-August freeze. Some heads had a circular zone of empty achenes, 
and the achenes inside and outside the zone were normal. Crops like corn 
and soybean are killed by slight frosts in the fall, but temperatures must be 
less than - 2 C to kill maturing sunflower plants. 

NAR was maximum at 28 C, but temperature effects between 18 and 
33 C were small and overshadowed by variation in light (208). The optimum 
range for seed production was 21 to 24 C (41). In a controlled environment 
of 18 to 20 C night temperature, day temperatures of 24 to 26 C gave higher 
yields, more seeds/plant, and heavier seeds of higher oil percentage than did 
day temperatures of 38 to 40 C (92). 

Although temperatures during seed development strongly affect fatty 
acid composition of sunflower oil, they had less effect on oil percentage of 
seed developed at constant temperatures of 10,16,21, or 26 C (29). Oil con
centrations were about 40070 at 21 C compared with about 37% at the other 
temperatures. Protein concentrations increased from 14 to 20% as tempera
tures increased (29). Higher temperatures, 35 C, lowered oil percentage 
(38). 
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Photoperiod 

Sunflower often is classified as insensitive to photoperiod because it 
will flower through a wide range of daylengths. Although night length is the 
important factor in plant response, photoperiod is expressed in length of 
day. Photoperiod influences changes in the terminal bud. Foliage leaf dif
ferentiation is replaced by differentiation of head and reproductive organs. 
Consequently, sunflower response to different photoperiods is indicated by 
leaf number per stem. Unfortunately much photoperiod research is re
ported in terms of days to flowering or in length of other growth periods. 
These intervals may be affected by photoperiod but more often are affected 
by temperature, soil moisture, or soil fertility. 

A 12 to 14-hour photoperiod sometimes is considered a classification 
division between long and short-day plants. Sunflower production in North 
America is mostly between 30° and 50° N Lat. Within the range of practical 
planting dates for these latitudes, the daylength duration ranges from 13 to 
16 hours at the normal times of head differentiation (101). Robinson (152, 
157) reported that daylight variation within this range had little effect on 
several important cultivars. Three inbreds (157) and one cultivar (170), how
ever, responded to differing photoperiods like short-day plants. In com
parisons of 13 with 17-hour days and 15 with 21-hour days, sunflower culti
vars gave short-day reactions (42, 169). 

Photoperiod is not important in choosing planting date or production 
area within the temperate zones of North America. It can be very important 
in hybrid seed production if only one parent has a short-day reaction and 
the crossing fields are grown in different latitudes or in different seasons of 
the year. 

Latitude Effects 

Area of production does not appreciably affect appearance of a culti
var, but it does affect days to flowering and oil composition. Data from 
plantings made 14 May at nine locations from Texas (31 ON. Lat) to Mani
toba (49°N. Lat) showed that days from planting to ray flower stage in
creased from south to north. Average increase was 1.9 days per degree lati
tude (157). 

Oil from sunflower seed grown in northern USA and Canada contains 
about 70% linoleic acid and has a high ratio of polyunsaturated to saturated 
fatty acids (89, 146). In contrast, oil from seed produced in southern U.S. 
contains only 40 to 5011,10 linoleic acid if the sunflower was planted in the 
spring. The northern oil has an iodine value of 130 to 138 and is used for an 
edible or a semidrying industrial oil. The southern oil has an iodine value of 
105 to 121 and is used as an edible oil. Higher temperatures during seed de-
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velopment were associated with the lower linoleic and higher oleic fatty acid 
percentages of the southern seed oil (87, 146). Oleic acid concentration in 
sunflower oil was 26010 in seed grown in Minnesota and 51010 in seed grown 
in Texas (118). 

Water Requirement 

The water requirement, or transpiration ratio, is defined as the grams 
of water transpired/ g of dry matter produced above soil level. Transpira
tion ratios based on seed, rather than on total dry matter, are rarely used be
cause factors other than transpiration determine the proportions of seed 
and stover. Water requirement varies among years and locations because 
transpiration rate is affected by the aerial environment-humidity, tem
perature, wind, and light. It is a measure of the crop's efficiency in using 
water when soil moisture is at an optimum level. It is not a measure of 
drought resistance. Sunflower is an inefficient user of water as indicated by 
a water requirement of 577 compared with 349 for corn, 304 for sorghum, 
267 for proso millet (Panicum miliaceum L.), and 377 for sugarbeet (Beta 
vulgaris L.) at Akron, Colo. (172). Other inefficient crops include soybean, 
cotton (Gossypium hirsutum L.), oilseed rape (Brassica napus L.), field 
bean (Phaseolus vulgaris L.), wheat (Triticum aestivum L.), and oat (A vena 
sativa L.) with water requirements of 646,568, 714, 700, 557, and 583, re
spectively. Water requirements in Saskatchewan were about 68% of those 
in Colorado; sunflower, corn, and wheat had water requirements of 386, 
240, and 375, respectively (12). In Europe, Mihalyfalvy (115) reported a 
water requirement of 600 for sunflower in field tests and about 1,000 in pot 
tests. 

Drought Tolerance 

Sunflower is not highly drought tolerant but often produces satisfac
torily when other crops are seriously damaged. Characteristics accounting 
for this response include an extensive and heavily branched tap root system 
with a potential lateral spread and depth exceeding 2 m. Barnes reported 
that sunflower roots extracted more soil moisture than did corn roots (12). 
Although resistance to water movement from the soil to sunflower leaves 
was only half that of soybean (23), injury to leaves from low water po
tentials was greater in sunflower than in soybean (180). 

Photosynthesis continued at high levels of moisture stress even though 
leaf growth did not (22). Consequently, short periods of drought may not 
greatly reduce seed yield because growth can proceed at night when trans
piration is low. The critical period for seed yield starts about 20 days before 
and ends about 20 days after flowering (145, 154, 162, 163). Rollier and 
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Pierre (163) reported that stress must continue for nearly 5 weeks of this 40-
day critical period to reduce yields. Stress during the 10 days including 
anthesis was most damaging to seed yield (132). Extreme drought stopped 
anthesis, but it resumed after rain 1 month later (154). Oil yield was affected 
most by stress during the 20 days after flowering (162). 

In extreme drought, some stalks break from 10 to 60 cm above the soil 
at heading time (154). This is a natural way of reducing the population. Ex
treme drought also causes lower leaves to dry prematurely. This leaf loss is 
not of great importance if it occurs after anthesis, but Johnson found that 
artificial defoliation 1 or 2 days before flowering reduced yields greatly (80). 
When the lower four to eight leaves were removed, yields were 300/0 below 
those of the undefoliated control. If all 16 or 20 leaves were removed, yields 
were reduced 93%. 

Sunflower and Cruci/erae spp. germination percentages were higher 
than many vegetable crops in dry soil (39). In a sandy loam with a 
permanent wilting percentage of 8.6%, sunflower emerged 73% at 8% and 
89% at 9% soil moisture. In most fields, however, a good supply of mois
ture is needed for emergence of a satisfactory stand. 

In comparison with some other field crops, sunflower production costs 
are lower and price of harvested seed is higher. Consequently, farmers' 
losses may be less with sunflower than with other crops in drought years. 

Soil 

Sunflower grows well in soils ranging in texture from sand to clay. It 
does not require as high fertility as crops like corn, wheat, or potato 
(Solanum tuberosum L.) to produce satisfactory yields. It does not use nu
trients as efficiently as grain crops, however, because of the high concentra
tion of chemical elements in sunflower seed and stover (153). 

The salinity of a soil is often expressed in terms of the electrical con
ductivity (mmhos/ cm) of water from a saturated soil. Based on its salt toler
ance of 2 to 4 mmhos/cm, sunflower is classed as low in salt tolerance but 
somewhat better than field bean or soybean. Corn, wheat, rye (Secale 
cereale L.), and sorghum were rated medium (5 to 10 mmhos/cm) while 
barley (Hordeum vulgare L. and H. distichum L.) and sugarbeet were rated 
high (over 10 mmhos/cm) in salt tolerance (50). 

At 12 mmhos/cm salinity, oil percentage was 21 % lower than that of 
sunflower seed grown in a 2.5 mmhos/cm soil. Fatty acid composition of 
the oil did not change with change in salinity of the soil (120). Germination 
was not affected by NaCl concentrations up to 0.7%, but 1 % NaCI reduced 
germination (61). Sunflower germinations ranged from 0 to 23% in 2% 
NaCI concentrations. 

Soils should have good drainage for sunflower production, but the 
crop does not differ greatly from many other field crops in this respect. In 
sunflower flooded to the first leaves, Kawase (85) found that ethylene in
creased in the roots and stems below the water. Later, chlorophyll break-
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down and epinasty of the leaves developed. Plants flooded longer than 3 
days did not recover. The increased ethylene concentration in flooded 
plants was largely, although not exclusively, responsible for the damage 
symptoms. Cause of the increase in ethylene was attributed to blockage of 
ethylene escape by water (86). 

Phenology 

Lengths of five periods of sunflower growth amounted to an average of 
11 days from planting to emergence, 33 days from emergence to head visi
ble, 27 days from head visible to first anther, 8 days from first to last 
anther, and 30 days from last anther to maturity over a 3-year period with 
six cultivars (152). But temperature is a major factor in the phenological de
velopment of sunflower. Consequently, growing degree-day (GOD) 
summations were much better than day summations for prediction of 
phenological stages. 

Robinson et al. (152, 157) used 7 C as a temperature base for GOD 
summations and indicated that any reasonable base was satisfactory for 
cultivar comparisons or descriptive data at a location. For each degree of 
latitude northward, however, days from planting to first anther stage in
creased nearly 2 days and GOD increased, decreased, or remained the same 
depending on the temperature base chosen. Keefer et al. (87) and Doyle (42) 
found that base temperatures of 0 or 1 C gave the most consistent GOD 
summations over a wide range of planting dates. 

Cultivar differences in relative maturity were shown by the length of 
the planting to head visible or emergence to head visible stages. The com
monly observed decrease in day summations for these periods from early to 
late planting was caused by increased GO~/day (152). 

Anderson (6) defined physiologic maturity of sunflower as the time 
when achene dry weight, oil percentage, and linoleic acid percentage are at 
their maximums. Oleic acid percentage also was maximum at this time. The 
backs of most heads were yellow but 10070 were brown. The heads contained 
70% water and the achenes 40% water. GOD summation from first anther 
was 1052 (1 C base). Fenelonova (49) found that respiration of seeds/unit of 
dry matter decreased with age, but respiration/seed increased to a maxi
mum 18 days after flowering. After 29 days, CO2 emission exceeded O2 ab
sorption. 

PLANTING PRACTICES 

Dates and Depth of Planting 

Dates oj Planting 

A wide range of planting dates can be used for sunflower, because the 
growing season in most areas is longer than needed for commonly-grown 
cultivars. Highest yields and oil percentages are obtained by planting 
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early-soon after spring-sown small grain crops in the northern hemis
phere. Planting from 1 to 20 May (138, 149) is optimum for northern USA 
and Canada, 20 April to 20 May for northern California (14), and 15 March 
through April in southern USA (81, 194). Planting by mid-March gave 
higher yields of seed and oil than did later plantings in Spain (100, lO2). In 
Argentina, planting dates vary from July to November depending on the 
area and latitude. Planting in October gave highest yields at Pergamino, 
Argentina (103). In Cordoba, Argentina, the optimum planting time for the 
best cultivar was from 15 December to 15 January. 'Smena' and 'Peredo
vik' cultivars performed well however, when planted from September 
through November indicating their potential for southern Argentina (13). 
Seed yields and oil percentages decreased with delay in planting from 26 
September to 23 October in New Zealand (96). 

Days from planting to emergence and emergence to flowering de
creased from early to late planting because of increased GOOf day (152). 

Planting in April is hazardous in parts of northern USA and Canada 
where frosts may occur in late Mayor early June. Warm weather following 
April planting can result in plants that have lost their early resistance and 
are in the frost-susceptible, six-leaf stage at the time of a late frost. Another 
hazard from April planting is cold weather and slow growth when plants are 
emerging. This lengthening of the susceptible period for systemic infection 
by Plasmopara halstedii (Farl.) Berl. & de T. may increase losses from 
downy mildew disease. The rain and wet soil conducive to spread of the 
fungus also can occur with late plantings, but the plants are susceptible for 
fewer days. 

Sunflower can be grown as a winter crop in Florida, Hawaii, and other 
areas with mild winters. Attempts in other areas to plant sunflower in the 
fall for emergence and growth the next spring have usually resulted in unsat
isfactory stands. A new approach to fall planting still in the developmental 
stage is to coat the seed with an inner coating of talc, binder, plasticizer, and 
hydrogen peroxide; a cover of methycellulose; and an outer coating of 
plastic (168). The outer coating is impermeable to moisture but is ruptured 
by frost during the winter. The procedure is patented and involves the use of 
the Wurster air suspension equipment. 

Planting date strongly affects the proportions of linoleic and oleic acids 
in sunflower oil. Robinson (159) suggested that planting sunflower late 
might increase the low linoleic acid concentrations in sunflower seed grown 
in southern USA. The predicted increase occurred in 1969 in Georgia but 
not in 1970-1971 trials (81). Australian research supports the idea of using 
planting dates to control oil quality. Linoleic acid in oil increased from less 
than 50% from September plantings to over 700/0 from March plantings. 
Mid-December planting gave linoleic acid levels of 48 to 57%, and Keefer et 
al. (87) projected that the desired 60% minimum could be achieved by 
planting in late December. They found a high correlation between linoleic 
acid concentrations in the seed and temperatures during the 0 to 35 or the 21 
to 35-day periods after the beginning of flowering. Low temperatures were 
associated with high concentrations. These field results are supported by 
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data from growth chambers where oil from seed developed at 10, 16, 21, or 
26 C had about 76, 52, 36, and 24070 linoleic acid, respectively (29). In Cali
fornia, linoleic acid concentrations increased from 61 to 72% as planting 
was delayed from 22 April to 15 July (14). 

Canvin (29) concluded that temperature had little effect on oil percent
age of sunflower grown at constant temperatures of 10, 16, 21, or 26 C dur
ing seed development. Although some date of planting trials suggest a rela
tionship between temperature and oil percentage, prediction of oil percent
age based on temperature data remains uncertain. 

Despite potentially lower yields from late planting, sunflower is often 
planted in July after small grain harvest in southern USA. Thus, it may be 
possible in areas with long growing seasons to produce an early crop with 
high oleic-low linoleic and a late crop with low oleic-high linoleic oil for dif
ferent markets. 

Chlorogenic acid causes sunflower meal to turn yellow-green under 
alkaline conditions, and this limits its use in food products. Dorrell (40) 
found that the chlorogenic acid concentration in sunflower flours declined 
steadily from 4.2 to 3.3% as date of planting was delayed from 14 May to 
15 June. Maximum synthesis of the acid occurred during 15 to 34 days after 
flowering, and mean temperature during this period for seven dates of 
planting declined from 19.3 C for the 14 May planting to 12.2 C for the 15 
June planting. 

Damage by sunflower head moth larvae (Homoeosoma electellum 
Hulst) may be affected by date of planting. Early plantings have been the 
most severely injured in Minnesota, but in California early planting was 
suggested as a method of reducing losses from head moth (31). The increas
ing area of land devoted to sunflower in the United States will be an im
portant factor in developing recommendations for plantings that will flower 
when moth flights are minimum. 

Depth of Planting 

A planting depth of 3 cm is excellent in moist soil or if rain is imminent. 
Seed can be planted to a maximum depth of 10 cm if necessary to reach 
moisture. Although the seed will germinate when soil moisture is near the 
wilting point (39), imbibition of water through the hulls is slow. Nonoilseed 
cultivars often emerge more slowly than oilseed cultivars which have thinner 
hulls. Emergence of oilseed cultivars was slightly greater from large than 
from small seeds (82, 141). If planting depth exceeded 7 cm, however, 
emergence of small seeds was only 69% that of large (141). 

Sunflower planted 9 to 15 cm deep yielded 10 to 28% less than that 
planted 7 cm deep (183). On a silt loam soil packed by heavy rains, emer
gence from depths of 3,8, 13, and 18 cm was 97%,68%,42%, and 5%, re
spectively (154). Plants from the 3-cm depth emerged and flowered 4 days 
earlier than those from 8 cm and 7 to 8 days earlier than those from 13 cm 
deep. Depth increases of 3-cm increments from 3 to 15 cm decreased emer-
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gence, root and shoot length, and dry matter in an experiment with seeds 
planted in pots (179). 

On sandy soil or in environments where the topsoil dries quickly, plant
ing should be slightly deeper than on fine-textured soils. Emergence from 3, 
4,5, and 7 cm was 85,95,92, and 840/0, respectively, in the southern U.S. 
(82). 

Shallow plantings emerge sooner than deep, because the seed is closer 
to the surface. Soil temperatures near the surface are strongly affected by 
air temperatures during the day when temperatures are usually high enough 
for growth. The temperature effect is especially important at early dates of 
planting when low temperatures retard germination and elongation. 

Use of lister planters permits deep planting in trenches with shallow 
coverage of the seed. A major disadvantage of lister planting in many areas 
is the cold environment in the furrow for the seed and seediing. 

Plant Populations and Planting Rates 

Sunflower yield is the product of three components: (a) number of 
heads/ha, (b) number of seeds/head, and (c) average weight/seed. Since 
most cultivars produce one head/plant, component (a) is determined by 
plant population. The other two components are affected by the first com
ponent and by cultivar, weather, soil, and sunflower pests. 

The relationship among the components of yield and sunflower per
formance shown in Table 1 is an average of 12 trials with oilseed and 2 trials 
with nonoilseed cultivars at 4 locations in Minnesota (160). Sunflower ad
justs to low populations by increasing weight/seed and seeds/head and to 
high populations by decreasing weight/seed and seeds/head. So, yield 
which is the product of the three components remains relatively constant 
through a wide range of populations. But, in environments where yields ap
proach the yield capacity of the cultivar, adjustments among components of 
yield are not sufficient. For example, identical trials on similar soil at two 
locations 148 km apart resulted in yields of about 2,200 kg/ha from all 
populations at the drier location. At the other location, yields were 3,100, 
3,500, 3,800, 4,100, and 4,600 kg/ha at populations of 37,000, 49,000, 
62,000, 74,000, and 86,000 plants/ha, respectively (160). Thus yield at the 
dry location was limited by factors other than population. Consideration of 
data from only one of the two locations could lead to an erroneous recom
mendation. 

Disagreement on the optimum plant population is common. Differ
ences within a region are as great as those between different countries of the 
world. In many trials where population differences had no effect, yields 
were medium or low indicating that factors other than population were 
limiting yield. Consequently, even the lowest population was capable of 
producing the highest yield. 

High populations are needed for highest yields according to results of 
seven trials with oilseed cultivars and five trials with nonoilseed cultivars in 
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Table I-Effect of components of yield on seed size and oil percentage and on stalk lodging of 
sunflower. From Robinson et al. (160). 

Components of yield 
Large Seed 

Heads/ha Seeds/head Weight/seed seedt oil Lodging 

g "70 scoret 

37,000 831 0.073 52 42.6 1.5 
49,000 727 0.067 44 43.2 1.8 
62,000 632 0.062 33 43.2 2.1 
74,000 548 0.060 31 43.4 2.4 
86,000 501 0.058 26 43.8 2.5 

L.S.D.5"70 0.002 8 0.6 0.2 

t Nonoilseed cultivars held on an 0.8 cm round-hole screen. 
t 1 erect, 9 prostrate. 

eastern North Dakota from 1971 to 1973 (215). Oilseed cultivars yielded 
2,258, 2,630, and 3,190 kg/ha, respectively at 36,000, 48,000, and 72,000 
plants/ha. Nonoilseed cultivars yielded 2,303, 2,625, and 3,201 kg/ha at 
29,000, 36,000, and 48,000 plants/ha, respectively. But plant populations 
had little effect on yield in other trials in eastern North Dakota and the ad
joining areas of Minnesota (160, 186). In western North Dakota, yields were 
higher from populations of 25,000 than from 50,000 plants/ha (3). 

In Manitoba, populations of about 62,000 plants/ha were optimum 
(46). Similar populations were recommended in Saskatchewan although 
yields from populations of 25,000 and 75,000 did not differ (200). Depth of 
root system was greatest at 25,000 with 230/0 of the roots below 38 cm com
pared with 15 and 20%, respectively at 75,000 and 125,000 plants/ha. All 
available moisture, however, was used to a depth of 120 cm by all popula
tions. 

Yields from populations of 33,000, 44,000, and 65,000 plants/ha did 
not differ in California (14). Similar results were obtained from some re
search in Georgia (82), but other research showed much higher yields from 
60,000 than from 20,000 or 30,000 plants/ha (110). 

Considerable research in Europe indicates that about 40,000 plants/ha 
is a good population (44, 90, 99, 102, 106, 121, 140). Insect damage was 
greatest in low populations and was 3, 6, and 22% damaged seeds in popu
lations of 40,000, 20,000, and 10,000 plants/ha, respectively (44). A 
common theory that higher populations are needed for short than for tall 
cultivars is supported by a comparison of Peredovik with dwarf cultivars 
(127). 

In India, yields increased as population increased from 20,000 to 
67,000 plants/ha and then decreased with higher populations. Yields were 
highest at populations from 43,000 to 54,000 plants/ha in Pakistan and 
Bangladesh (88, 114). Populations of 40,000 to 50,000 plants/ha were 
recommended in Argentina (103). 

Contrary to experience with corn, published research does not show a 
pattern of high populations being best for high rainfall areas and low popu
lations for arid areas. However, populations of 50,000 to 60,000 plants/ha 
were suggested for irrigated fields compared to 40,000 to 50,000 without 
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irrigation in Romania (2). Optimum populations in Texas were 35,000 for 
dryland and 62,000 for irrigated fields (194). Total water use (23 cm) was 
not affected by plant population in western North Dakota where sunflower 
extracted water to a depth of 150 cm (3). 

The strong effect of plant population on seed size is very important to 
packagers of nonoilseed sunflower for food. Only the 37,000 and 49,000 
populations in Table 1 had a sufficiently high percentage of large seeds to 
meet food market requirements. Medium and high populations produced 
seed of higher oil percentage than did low populations (160, 184). High 
populations also produce small heads that remain upright and dry faster 
than large heads (90, 139). The use of preharvest desiccant-sprays, however, 
may reduce that advantage of small heads. 

Flowering date often is not affected by populations adapted to the en
vironment (160). Excessive populations delayed flowering 1 to 4 days (3). 
Heights often increase slightly as population increases (90, 139). Increased 
lodging accompanies increased populations (Table 1). Such increases are 
commonly attributed to shading of the stem and to a reduced stalk diam
eter. Another important cause is the rapid spread of basal stem rot caused 
by Sclerotinia sclerotiorum (Lib.) de Bary in dense populations (74, 213). 
The disease organism spreads through root contact, and wide spacings be
tween plants delay this contact. 

In summary, plant populations for oilseed production in North Ameri
ca should be 35,000 to 50,000 plants/ha on sands or on soils with sandy sub
soils within 50 cm of the surface; 50,000 to 60,000 on silt loam, clay, or irri
gated sandy soils; and 60,000 to 70,000 on fields where expected yields ex
ceed 3,500 kg/ha. Where large seed is required from nonoilseed cultivars, a 
plant population of 35,000 is recommended, but this should be increased to 
40,000 in fields where yield expectations exceed 2,500 kg/ha. 

Plant population/ha is determined by the planting rate, which is often 
expressed in kg/ha. Seed weight, viability, and expected mortality are used 
to calculate the planting rate for a desired plant population. 

Planting rate = __ P_I_an_t_s_/h_a_x_g"-./_I_00_se_e_d_s_ 
1,000 x germination percentage 

The rate calculated from the equation should be increased by 5070 on 
sandy soils and up to 20% on other soils to allow for seed and young plant 
mortality (160). 

Planting rate recommendations often have been higher than necessary 
because seed costs were low compared to most crops. Emergence failures 
and plant mortality are less likely to reduce yield in high than in low popula
tions. A plant in a population of 70,000 plants/ha with a missing plant on 
each side is still at a population of 35,000, but a plant with a gap on each 
side in a population of 40,000 plants/ha is at only a population of 20,000. 
The high cost of hybrid seed and precision planting equipment encourages 
use of less seed. Nonoilseed cultivars often have less than half as many 
seeds/kg as oilseed cultivars so seed cost is especially important in nonoil-



PRODUCTION AND CULTURE 101 

seed production. 
Seed costlha can be reduced by using the smallest good seed grade of 

the desired cultivar. Crops produced on plots planted with large, medium, 
or small seed sieved from ungraded seed lots did not differ in yield, oil per
centage, or test weight (155). A "trash" grade of small, light weight seed 
comprising 21110 of the ungraded seed lot produced plants of low seedling 
vigor and 22% lower yield than plants from ungraded seed at the same 
population. Use of small and medium seed resulted in savings over large 
seed of 36 and 16%, respectively. Complete removal of dehulled seed from 
seed lots of small achenes is not always achieved. Such seed lots are unde
sirable for precision planting because dehulled seed may germinate poorly. 
Small seed should not be planted deeper than 7 cm because of poor emer
gence (141). 

Arrangement of the Population 

Distribution or arrangement of the population is altered by varying dis
tance between rows, by planting seeds in groups, or by changing row direc
tion. 

Direction of Rows 

Sunflower is phototropic from emergence to flowering. The head and 
leaves face east in the morning and west in the evening. About 1 day before 
the ray flowers open, phototropic movement ceases and most heads face the 
east. When sunflower was harvested by hand, some growers of tall cultivars 
preferred rows directed north-south (NS) because heads overhanging a 
wagon pulled along the east side of the row could be gathered easily. 

Calculations from a statistical model of light interception show that 
grain sorghum in north-south (NS) rows would intercept 44% and in east
west (EW) rows 37% of direct sunlight in August in Colorado (5). Total 
light interception by corn between 0700 and 1500 hours in Wisconsin did 
not differ with row direction (190). But in both crops, EW rows intercepted 
more light at noon and less at 0900 and 1400 hours than did NS rows. 
Evapotranspiration did not differ appreciably between EW and NS rows 
(190). Consequently, NS rows had a potential yield advantage over EW 
rows. But direction of prevailing winds could easily offset this advantage. 
Furthermore, statistical models and measurements on nonheliotropes may 
not apply to sunflower. 

Few scientific attempts have been made to measure the effect of row 
direction on crop yields because of the inconvenient plot arrangements and 
the large area required. The large plots needed to avoid border effects 
usually require large turning areas for farm machinery, and replications are 
needed. 

Robinson (156) reported that sunflower grown in EW and NS rows did 
not differ in yield, oil percentage, large seed percentage, seed weight, or test 
weight, but significantly more lodging occurred in EW rows. Other direc-
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tions were studied by using a circular planting technique. A "compass" was 
used to draw circles of 6-m radii on the seedbed. Straight lines drawn from 
the center of a circle to points 10 degrees apart on its circumference marked 
36 "wheel-spoke" plots. Thus each circle consisted of 18 row-direction 
spokes replicated twice. Spacings of plants along these spokes decreased 
from the center to the outside so that all plants occupied equal areas. 

Sunflower yields from the 36 spokes/circle showed random variation 
not fitting any directional pattern. Yields from the NS plus its 10 and 20-de
gree spokes on both sides were compared with yields from the EW plus its 
10 and 20-degree spokes on both sides, and again no significant difference 
occurred between predominantly NS and EW rows. Wheel-spoke align
ments in circular plantings are an effective way of comparing yields of many 
row directions in minimum space. However, lodging cannot be evaluated in 
such plantings because of lack of border plants. 

Harvesting losses are sometimes slightly greater when combines ap
proach EW rows from the west. Some growers with combine pans 25 cm 
wide (suitable for all row spacings in contrast with wider pans for specific 
row spacings) found that such losses were reduced by driving diagonally 
across the rows. Diagonal travel, though, is usually precluded by the prac
tice of hilling the rows at the last cultivation. Hilling the rows reduces lodg
ing (154). 

NS rows may be slightly preferable to EW, but effect of row direction 
on sunflower is not important in commercial production. Seed production 
fields that require examination of heads to detect pollen production should 
be planted in NS rows for efficient roguing. For research plots, EW rows 
with plot labels on the east end often are preferred, because it is easier to 
evaluate most plots when all heads face the viewer. 

Rows at the end of the field usually are planted at right angles to the 
main rows. The advantage of planting end rows first is that the inner row 
serves as a mark to raise and lower the planter. This helps prevent gaps or 
excess population. If the soil is so loose that machinery tires will move the 
seed, end rows should be planted last. A greater rate of planting for end 
rows will offset loss of stand from machinery tires when the main rows are 
cultivated. 

Check-row or Hill Planting 

Check-row or hill planting has not been a common practice for sun
flower in North America, but it has been used in Europe and other con
tinents. It usually involves clumps of two or more plants/hill rather than 
single-plant spacing. The checkerboard plant arrangement permits cultiva
tion in both directions. Consequently, control of quackgrass (Agropyron 
repens (L.) Beauv.) and other weeds is better than from cultivation in one 
direction. 

Plants equally spaced in the row yielded more than clumps of two or 
more plants at both 32,000 and 64,000 plants/ha in Minnesota (159). Single-
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plant spacing also was best in Manitoba in rows 46 cm apart. But in 91 by 
91-cm spacings to allow cross cultivation, 5 to 9-plant hills yielded more 
than 1 to 3-plant hills because they gave a larger population (139). At popu
lations of 42,000 plants/ha in Romania, plantings at one or two seeds/hill 
did not differ appreciably in yield (143). 

Annual weeds can be controlled with herbicides or by postemergence 
harrowing. Consequently, check-row planting is an obsolete practice except 
for some fields severely infested with perennial weeds. 

Spacing Between Rows 

The space between rows is largely determined by the machinery avail
able and the needs of all crops grown by each farmer. A 56-cm spacing 
often is used by sunflower growers who also raise sugarbeet and 76 or 97-cm 
spacings by those who grow corn, sorghum, or soybean. Small grain farm
ers who do not have row crop planters sow sunflower with a grain drill 
either in widely spaced rows for intertillage or in noncultivated rows 15 to 
46 cm apart. Bed width determines row spacing when furrow irrigation is 
practiced. Bed widths may vary from 76 to 122 cm. Two sunflower rows 
about 25 cm apart are sometimes planted on the wider beds. 

In dryland areas where a year of fallow is used to store soil moisture, 
some sunflower is grown in single rows 3 to 6 m apart instead of fallow. 
Rows 3.7 m apart produced slightly over half as much seed as did rows 0.9 
m apart (138). Plant spacings of 8 to 10 cm apart are recommended for 
these widely spaced rows. Other sunflower is grown in single or mUltiple 
rows 6 to 21 m apart to reduce wind damage to interseeded crops, to reduce 
soil erosion losses, or to hold and increase uniformity of snow cover. 

Under nonarid conditions and at optimum populations, sunflower 
should produce highest yields when interrow and intrarow plant spacings 
are equal. This equidistant spacing produces an earlier and more complete 
soil cover than other spacings. As a result, more sunlight is intercepted by 
the foliage. The greater interception increases photosynthesis and reduces 
evaporation of water from the soil. The more complete soil cover also inter
cepts more rainfall and may reduce runoff and soil erosion. Equidistant 
spacing is approached more closely by rows 50 to 76 cm apart than by wider 
spacings. 

Maximum evapotranspiration occurs when water is readily available to 
the plant and at the soil surface. Under these conditions, neither space be
tween rows nor plant population has much effect on water loss. Closely 
spaced rows intercept more solar energy. Consequently, transpiration is 
high relative to evaporation. In widely spaced rows, more solar energy 
reaches the ground and causes more evaporation. As a result, the total 
water loss is approximately equal in widely and closely spaced rows. But 
when the soil surface dries, evaporation is limited by the moisture supply in 
the upper 10 to 15 cm of soil. However, transpiration is not affected by the 
dry surface soil. So, more water is lost from narrow than from widely 
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spaced rows. These effects of row spacing on light interception and evapo
transpiration may be of lower magnitude in sunflower that spreads its foli
age by leaning toward the east after flowering than in erect crops. 

Row spacing also affects the time when stored soil moisture between 
the rows is used. Closely spaced rows are more likely to deplete this mois
ture before flowering because of earlier root penetration throughout the 
interrow area. In widely spaced rows, sunflower used soil moisture from at 
least 1.2 m on both sides of the row (72). This result indicates that in arid 
areas, a row spacing of about 2.5 m would provide maximum interrow 
moisture storage for use during the flowering and seed development stages. 

When adoption of closely spaced rows results in appreciably greater 
distances between plants, losses from basal stem rot disease may be reduced 
(74). 

Sunflower grown in rows 56, 76, or 97 cm apart did not differ in seed 
yield, oil percentage, large seed percentage, seed weight, seed test weight, 
height, or flowering date. Results were consistent among five populations 
and ten trials in Minnesota (160). Consequently the recommendations for 
populations apply to all row spacings from 50 to 100 cm. Stalk lodging in
creased as row spacing increased and plant spacing in the rows decreased. 

The circular planting technique described under "Direction of Rows" 
was used to compare 16 row spacings ranging from 36 to 102 cm on sand 
(Udorthentic Haploborolls, sandy, mixed) and silt loam (Typic Hapludolls, 
fine-silty over sandy or sandy-skeletal, mixed, mesic) soils. A row spacing 
plot consisted of 18 plants at the same distance from the center of the circle 
in a 1800 arc. Neither yield, oil percentage, nor seed size differed among 
row spacings (160). The circular planting technique permits evaluation of 
many row spacings in a minimum area. Consequently, trends in yield and 
other characteristics can be detected that might not be apparent in the usual 
experiment involving only a few spacings. 

Sunflower in rows 36, 53, and 89 cm apart did not differ in yield in 
Saskatchewan nor was there any difference in yields from rows 51 and 102 
cm apart in Tennessee (67, 2(0). Sunflower in rows 36 cm apart had both 
the shallowest and deepest roots-320Jo in the upper 13 cm and 25% below 
38 cm (200). The 53-cm spacing had a root distribution of 30% in the upper 
13 cm and 15% below 38 cm compared with 22 and 18%, respectively, in 
rows 89 cm apart. Root systems had a greater lateral spread and were deeper 
in a rectangular (135 x 10 cm) than in an equidistant (37 x 37 cm) plant 
arrangement. 

Some fields in western Canada are planted with a grain drill or disker in 
noncultivated rows 15 to 41 cm apart. Recommended populations are 
62,000 (138) to 74,000 (43) plants/ha. In weed-free plots with rows 30 cm 
apart, populations of 25,000 to 50,000 plants/ha gave higher yields than did 
populations of75 to 100,000 plants/ha in western North Dakota (3). 

CROP SEQUENCE AND ROTATION 

Crop rotation is a recurring succession of crops on the same field. Crop 
sequence is the order in which crops are grown on a field. Rotations were of 
most common use in Europe and on farms producing crops and livestock in 
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North America. Their use has declined greatly with increased specialization 
of crop and livestock farms and greater use of commercial fertilizer and 
pesticides. Sunflower became an important crop in North America during 
the time that rotations became less important. Rotations unsupported by 
fertilizer cannot maintain soil fertility, and the best means of maintaining 
soil fertility is to produce high yields with large crop residues. Other than 
diversification for the individual farmer, the major advantages of crop rota
tion are weed, insect, and disease control. These pests can be controlled 
more effectively by changing crop sequences than by fixed rotations. 

Major considerations in determining crop sequence are control of 
volunteer sunflower, control of sunflower pests, soil moisture and fertility 
depletion by sunflower, effect of preceding crop on sunflower, and effect of 
sunflower on succeeding crops. 

V olunteer Sunflower and Its Control 

Many seeds fall to the ground before and during sunflower harvest. A 
small loss of 45 kg/ha equals 5 to 20 times a normal rate of seeding. Enough 
of this seed survives the winter to create a weed problem in the following 
crop. Seed dormancy of most cultivars is very short in cool temperatures 
and does not exceed 10 weeks at warm temperatures so sunflower will not 
become a weed except through neglect. Nevertheless considerable seed, 
probably buried too deeply or trapped in dry clods the first year, germinates 
the second year after a crop of sunflower. Consequently, control of volun
teer sunflower is needed in two crops following sunflower unless late
planted crops are used. 

Damage from volunteer sunflower is not confined to reduced yield of 
the infested crop. Crop sequence cannot be highly effective in disease and 
insect control unless volunteer sunflower is killed at an early stage of 
growth. Volunteer sunflower may interfere with pure seed production that 
requires fields isolated from other sunflower. Uncontrolled volunteer sun
flower on the seed field in previous years or in neighboring fields the same 
year may result in seed that fails to meet quality standards. 

Research in Minnesota (R. O. Robinson, unpublished data) devoted to 
the volunteer problem has shown that less herbicide is needed to control 
sunflower growing in crops than growing alone. Average control by crops 
alone without help from herbicides amounted to 63, 48, 30, and 70070, re
spectively for oat, canarygrass (pha/aris canariensis L.), flax (Linum 
usitatissimum L.), and pea (Pisum sativum L.). The best time to spray 
herbicides postemergence on these crops is when sunflower is in the 4 to 5-
leaf stage but spraying up to the 12-leaf stage also gave good control. 
Earlier spraying was less effective because some sunflower had not 
emerged. Selective (no crop injury) control of sunflower in all four crops 
was achieved with 2,4-D [(2,4-dichlorophenoxy)acetic acid], MCPA [[(4-
chloro-o-tolyl)oxy]acetic acid], 2,4-DB [4-(2,4-dichlorophenoxy)butyric 
acid], MCPB [4-[(4-chloro-o-tolyl)oxy]butyric acid], and bentazon [3-iso-
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propyl-1H-2,1,3-benzothiadiazin-(4)3H-one 2,2-dioxide). Oinoseb (2-sec
butyl-4,6-dinitrophenol) gave selective control only in pea, whereas 
bromoxynil (3,S-dibromo-4-hydroxybenzonitrile) gave selective control in 
all crops but pea. Oicamba (3,6-dichloro-o-anisic acid) gave selective con
trol in oat and canarygrass. Metribuzin [4-amino-6-tert-butyl-3-(methyl
thio}-as-triazin-S(4H)one) applied at 0.S6 kg/ha during preemergence to 3-
cm stage gave selective control only in pea. 

Herbicides to control volunteer sunflower were also compared in later 
planted crops of grain sorghum, soybean, and field bean grown in culti
vated rows 76 cm apart. No herbicide applied preemergence gave good sun
flower control in sorghum. Metribuzin preemergence at 0.84 kg/ha gave 
good selective control of sunflower in soybean but injured field bean. Post
emergence sprays of atrazine [2-chloro-4-( ethylamino )-6-(isopropylamino)
s-triazine) plus oil, cyanazine [2[[4-chloro-6-(ethylamino-s-triazin-2-yl) 
amino)-2-methylpropionitrile), dicamba, bentazon, and 2,4-0 sprayed 
postemergence controlled sunflower in grain sorghum. Bentazon postemer
gence at 1.12 kg/ha gave excellent selective control of sunflower in soybean 
and field bean. The lower range of recommended rates for annual weed 
control was enough for sunflower control by all herbicides except where 
rates are indicated f9r bentazon and metribuzin. 

Tillage of sunflower crop residues does not control volunteer sun
flower. Volunteers will emerge whether or not the soil is inverted by fall or 
spring plowing or given surface tillage only (R. G. Robinson, unpublished 
data). If a cultivated row crop is planted in unplowed sunflower stubble 
with a lister-planter or till-planter, however, the surface soil with sunflower 
seed is pushed between the newly planted rows. Volunteers that emerge can 
be killed by cultivation. -

Effect of Preceding Crop on Sunflower 

In most crop rotation experiments, sunflower produced highest yields 
following legumes and lowest yields after sunflower (10,20, 121, ISO, IS9, 
176). In western Canada sunflower gives highest yields after fallow (138), 
but in Manitoba it usually is grown after small grain to replace or delay a 
year of fallow. Nearly 8011,10 of the 1971 crop was planted on summerfallow 
in Saskatchewan. Sunflower yields after fallow and after small grain were 
equal in Minnesota (1S0). In contrast with sunflower, corn growth was re
tarded and P concentrations in the plants were lower after fallow than after 
small grain. Sunflower yields following sugarbeet were lower than yields 
after small grain (121, 176). Sunflower following sugarbeet in the Red River 
Valley of North America often has less seedling vigor than does sunflower 
after other crops. 

Although sunflower yields often are lower after small grains or corn 
than after legumes, the grain crops are the best preceding crops for sun
flower, because they are immune to the major fungal pathogens and weeds 
that parasitize sunflower. Broomrape (Orobanche sp.) is a parasitic weed 
that lives on sunflower in Europe. It is controlled with resistant cultivars, an 
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insect parasite, and crop rotation (84, 108, 137). An infestation of nearly six 
broom rape stems/sunflower plant in a sequence of 2 years between sun
flower crops was reduced to less than one stem/plant in a 5-year sequence 
(108). 

Sclerotinia sclerotiorum infects sunflower, field bean, soybean, pea, 
fababean (Vicia jaba L.), lentil (Lens culinaris Medikus), flax, rape (Bras
sica napus L. and B. campestris L.), mustard (B. juncea (L.) Coss), sugar
beet, potato, alfalfa (Medicago sativa L.), sweetclover (Melilotus alba 
Desr.) and many dicot weeds. Verticillium dahliae Kleb. infects sunflower, 
safflower (Carthamus tinctorius L.), rape, sugarbeet, potato, alfalfa, red 
clover (Trifolium pratense L.), cotton (Gossypium sp.), and many dicot 
weeds. These fungi, however, include many physiologic races. The races 
that injure sunflower may not injure all the other crops and vice versa. Soy
bean, flax, and sugarbeet are grown in rotations with sunflower without 
noticeable increases in diseases. Low populations of the pathogen rather 
than host resistance may have prevented epiphytotics in these rotations. 
Pathologists indicate that the same races of Verticillium attack both sun
flower and potato, and the same races of Sclerotinia attack sunflower, mus
tard, rape, and field bean. 

Comparisons of sunflower in mono culture and in crop rotations up to 
7 years long showed that yield generally increased with length of rotation. 
Downy mildew decreased with increasing length of rotation and its 
prevalence was negatively correlated with yield (177). On a silt loam soil 
(Typic Hapludolls, fine-silty over sandy or sandy-skeletal, mixed, mesic) of 
low fertility, Verticillium became the major factor affecting yield of sun
flower grown in monoculture for 5 years (147). Alternation with soybean 
significantly increased sunflower yield and decreased Verticillium in the last 
3 years of the 5-year trial. A similar trial on a field of high fertility at the 
same location resulted in Sclerotinia and to a lesser extent Plasmopara be
coming the most prevalent pathogens on sunflower. Disease incidence was 
less and yields were greater for sunflower grown in alternation with oat and 
soybean than for sunflower in monoculture. 

Sunflower and other crops susceptible to the same pathogen should, 
ideally, be separated in the crop sequence by resistant crops until the patho
gen disappears. Over 10 years are needed for Verticillium populations to ap
proach zero in California (75). Although sclerotia of Sclerotinia near the 
soil surface disintegrate rapidly, those buried in the soil may survive at least 
5 years (73). Oospores of Plasmopara halsted;; are reported to survive 6 
years in soils in Russia (73). Consequently, crop rotations of practical 
length can only be expected to reduce the amount of inoculum carryover, 
not eliminate it. A minimum time between sunflower crops should allow all 
sunflower stalk, root, and head residues to decompose. On well-drained 
soil, this takes 1 or 2 years. This minimum time is enough to help control 
rust (Puccinia helianthi Schw.) and other organisms that require sunflower 
for survival. Three or 4 years are suggested in the USA between sunflower 
or other crops susceptible to the same races of Verticillium or Sclerotinia. If 
a disease becomes serious on a field, a longer time must elapse between 
susceptible crops. The availability of disease-tolerant hybrids is a new factor 
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Table 2-Comparative composition of sunflower and com. From Robinson (153). 

Sunflower Corn Sunflower Corn 
Element achenes caryopses stover stover + cobs 

"70 

N 2.58 1.70·· 1.03 0.68·· 
P 0.39 0.37 0.08 0.06·· 
K 0.59 0.36·· 1.51 0.68·· 
S 0.17 0.13·· 0.20 0.10·· 
Ca 0.11 <0.01·· 1.10 0.32·· 
Mg 0.23 0.14· 0.58 0.24·· 
Na <0.02 <0.02 0.10 <0.02·· 

ppm 

Sr 3 <0.5· 59 17· 
Al 3 < 1.5·· 189 131 
Fe 33 26·· 152 143 
Zn 48 26·· 34 36 
Cu 13 1·· 4 3· 
Mo 6 4·· 15 8·· 
Mn 14 8·· 27 44·· 
B 14 1·· 34 5·· 

• Crops differ significantly at the 5"70 level. 
•• Crops differ significantly at the 1 "70 level. 

in planning crop sequences. But resistance to all important soil-borne dis
eases is needed before making major changes in the crop sequence. 

Residues from some herbicides used on the preceding crop may persist 
in the soil and injure sunflower. Atrazine and simazine (2-chloro-4,6-bis 
(ethylamino)-s-triazine), commonly used on corn occasionally remain in 
sufficient amounts to injure the following crop of sunflower. Soils from 
suspected fields can be tested by comparing sunflower growth in untreated 
soil with growth in soil mixed with 0.5 g activated carbon12 kg soil. The car
bon inactivates the herbicide. The test must be conducted in sunlight, and 
the injury symptoms should appear within 3 weeks after emergence. Pi
cloram (4-amino-3,5,6-trichloropicolinic acid), used in wheat and barley, is 
another herbicide that may remain in the soil and injure sunflower. 

Effect of Sunflower on the Following Crop 

Sunflower may affect other crops by leaving toxic residues, removal of 
nutrients, and maintenance of pest populations. 

The soil toxin theory was strongly supported by the Chief of the USDA 
Bureau of Soils in 1906 (211). Although generally discredited for practical 
application in field crop production, considerable research has shown that 
plants do secrete substances toxic to other plants. Workers in this science of 
allelopathy found that sunflower residues in the soil have inhibitory effects 
on sunflower and many other species (144). 

Sunflower removes soil minerals and this affects the following crop. 
The removal can be beneficial by reducing salinization of irrigated soils 
where sunflower removed much more CI and Na than did cotton (19). Ele
mental depletion of the soil is usually harmful. Sunflower seed and stover 
have considerably higher concentrations of most elements than do corn 
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Table 3-Comparative elemental content/ha of sunflowert and corn:\:. From Robinson (153). 

Sunflower Corn Sunflower Corn 
Element achenes caryopses stover stover + cobs 

kg/ha 

N 93 129 57 66 
p 14 28 5 5 
K 21 27 83 65 
S 6 10 II 10 
Ca 4 <I 63 31 
Mg 8 II 34 23 

Trace elements 
Na 0.34-0.65 0.34-0.94 6.00 0.39-2.00 
Sr 0.01 0.00 0.27 0.13 
Al 0.01 <0.01 1.30 1.58 
Fe 0.12 0.20 0.94 1.53 
Zn 0.17 0.19 0.22 0.40 
Cu 0.04 0.01 0.02 0.02 
Mo 0.02 0.D2 0.09 0.08 
Mn 0.06 0.06 0.16 0.45 
B 0.04 0.01 0.19 0.04 

t 49,420 plants/ha. Achene yield 3,634 kg/ha. Stover yield 5,693 kg/ha. 
t 49,420 plants/ha. Caryopses yield 7,593 kg/ha. Stover + cobs yield 9,844 kg/ha. 

grain and stover (Table 2). Both elemental concentration and crop yield de
termine nutrient removal by crops. Because sunflower yields less than corn, 
the elemental contents/ha of sunflower seed were generally less than those 
of corn grain (Table 3). These data indicate that sunflower crops deplete soil 
fertility less than do corn crops at high yield levels of both crops. 

Sunflower is harvested later than small grains; consequently, less time 
is left for tillage or planting fall crops. Furthermore, sunflower reduced soil 
moisture reserves more than did most other crops (12, 176,212). This reduc
tion in soil moisture caused crops following sunflower to yield less than 
crops following corn in dryland areas of western North America (10, 12). 
Barnes (12) concluded that sunflower was not a good substitute for fallow 
in areas where fallow is needed to store soil moisture. Research in areas with 
more rainfall showed that wheat, oat, flax, rye, corn, and soybean yielded 
as much after sunflower as after any of the common, nonleguminous field 
crops (125, 147, 159, 161). Crops following legumes generally yield more 
than crops following sunflower. But on a soil testing high in NOrN (165 
kg/ha), preceding crops of soybean, field bean, or sunflower did not sig
nificantly affect yields of wheat or corn (R. G. Robinson, unpublished 
data). 

SOIL MANAGEMENT 

Tillage and Seedbed Preparation 

Improved farm machinery, herbicides, and greater knowledge of seed
bed requirements give sunflower growers a choice of many effective tillage 
systems. Conventional systems involve an initial tillage to dispose of the 
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residue from the previous crop and secondary operations to prepare a seed
bed that provides satisfactory temperature, aeration, and moisture for 
germination and seedling growth. 

Implements used for the initial tillage include the moldboard plow, 
disk plow, chisel plow (heavy field cultivator), one-way disk (wheatland 
plow), and rotary tillers. These implements loosen the soil and incorporate 
crop residues into it. Loosening the soil increases aeration which affects 
moisture, temperature, and biological activity in the soil. Moldboard and 
disk plows also invert the soil. Soil inversion results in a bare soil surface. 
Consequently, other tillage implements are used where erosion is a major 
problem or where maximum snow retention is desired. Soil inversion gener
ally results in a warmer soil and improved availability of nitrogen and po
tassium (27, 129). Furthermore, phosphorus is relatively immobile in the 
soil and tends to accumulate in the surface 3 cm under a continuous mulch 
system (9, 112). Consequently, sunflower growers using noninversion tillage 
systems may use a moldboard plow every few years to improve distribution 
of nutrients in the upper soil profile. Each metric ton/ha of crop residue left 
on the soil surface reduced average soil temperatures during May and June 
at the 10 cm depth 0.4 C (27). However, these slightly lower soil tempera
tures are less harmful to sunflower than to crops like corn or soybeans that 
require higher temperature~ for germination and seedling growth. Further
more the cooling and moisture conserving effects of mulch are beneficial 
under dry conditions. 

In contrast to the other tillage implements, rotary tillers are powered as 
well as pulled by the tractor. The rotor chops and incorporates crop residues 
into the soil. The rotary tiller is much slower and requires more power than 
the other initial tillage implements. It is the only tillage implement that ex
cels the moldboard plow in controlling perennial weeds. The soil is left in a 
loose, clod-free condition that is very susceptible to erosion. 

Fall plowing of loam and clay soils in humid areas results in better soil 
tilth and more moisture for seed germination than does spring plowing. 
However, fall plowing of soybean stubble _or other crops that loosen the soil 
may result in a pulverized soil surface that is vulnerable to wind and water 
erosion. The danger of wind erosion is particularly great when sandy soils 
are tilled in the fall. Fields with crop residues on the surface will retain more 
snow than will bare fields, and moisture from melting snow is beneficial in 
many dryland areas. Increasing depth of plowing beyond the minimum 
needed for efficient machine operation, residue incorporation, seedbed 
preparation, or shattering of a plow-sole generally has not increased crop 
yields in humid areas where most of the world's sunflower is grown. Plow
ing depths from 20 to 45 cm did not affect yields of sunflower fertilized with 
P, but with no P, yields increased when depth increased to 30 or 35 cm 
(175). 

The moldboard plow is the most commonly used of the primary tillage 
implements in sunflower production, but use of the chisel plow is increas
ing. Chisel plows leave most of the crop residue at or near the surface. 
Erosion control, effectiveness in dry soil, and greater speed are their major 
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advantages over moldboard plows. The disk plow requires about the same 
power as a moldboard plow, but it will function in soils too hard and dry or 
too sticky for the moldboard plow (202). It differs from the one-way disk in 
that each disk is mounted on its own axle and set at an angle of 10 to 30° 
with the vertical. The one-way disk offers relatively trouble-free operation 
with no plugging or trash coverage problems. It tends to pulverize the soil, 
and repeated operations leave too little crop residue on the surface to retard 
erosion. 

Implements used for the secondary tillage operations include the com
mon disk harrow, field cultivators, rod weeders, and smoothing harrows of 
various types. All of these implements except field cultivators pack the seed
bed. They break clods into smaller particles resulting in more but smaller air 
spaces in the soil. These implements leave the soil in good condition for seed 
germination but very exposed to erosion. 

The erosion hazard, soil compaction by heavy machinery, and the 
paradox of loosening the soil by initial tillage and then packing it with 
secondary tillage operations has led to the minimum tillage concept. The 
firm soil needed for seed germination is not the ideal environment for root 
growth. Consequently many minimum tillage systems develop a firm seed
bed for the seed but leave the interrow area loose. This delays germination 
of weed seeds and provides a better root environment than that provided by 
a packed seedbed. 

Minimum tillage systems are in general use, and the major result has 
been the elimination of one or more of the secondary tillage operations. 
Some systems have eliminated all secondary tillage by using tractor and 
planter wheel tracks to make a firm seedbed in the loose soil left by the 
initial tillage operation. Strip processing is another minimum tillage system 
in which only a narrow strip of soil is tilled in front of each planter row. The 
strips are tilled with narrow blades, narrow rotary hoes, and/or narrow 
rototillers to kill weeds and firm the soil for the seed. 

Minimum tillage systems that eliminate the initial tillage but retain the 
secondary operations are adapted only where the soil is loose, crop residues 
are light, and perennial weeds are not prevalent. Such conditions frequently 
occur in soybean stubble or in sandy soil. 

Many minimum tillage systems combine planting with the initial or 
secondary tillage operations. These include plow-planting, strip processing, 
loose-ground listing, and the flexible one-way disk tiller with planter attach
ment which sometimes is called the disker or sur flex drill. 

Zero tillage systems involve no tillage before planting, and the tillage at 
planting is just enough to place the seed and agricultural chemicals at the 
desired depths. These systems leave all the crop residue at the soil surface, 
minimize soil erosion, and increase storage of water in the soil. Soil 
temperatures are lower, and some of the systems preclude practical use of 
some herbicides. Weeds must be controlled with adapted herbicides. Use of 
general vegetation killers that have no residual effects such as paraquat 
(1,1' -dimethyl-4,4' -bipyridinium ion) or glyphosate [N-(phosphono
methyl)glycine] before planting or before sunflower emergence is essential. 
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These general vegetation killers do not replace the need for herbicides 
normally used in sunflower production. Glyphosate can provide effective 
control of perennial weeds in zero tillage systems. Zero tillage implements 
include the lister, the till planter, and the fluted coulter mounted directly in 
front of each planter row. The lister as a zero tillage implement is effective 
only following cultivated or other crops where the soil is loose. Seed is 
planted in relatively cold soil in the lister furrows and heavy rains may cause 
flooding injury unless the soil drains quickly. Lister furrows on the contour 
provide excellent control of erosion. The till-planter and fluted coulter leave 
the field relatively level. Both the lister and till-planter move shattered seed 
from the previous crop into the interrow area. Consequently, weeds like 
volunteer sunflower and corn can be controlled by cultivation. 

Sunflower planted in fields to be furrow irrigated usually is planted on 
raised beds constructed with listers. Ridge planting is an adaptation of this 
practice for continuous row cropping on cold, wet soils. Ridges are made 
with a lister or with a disk cultivator with disks adjusted to make ridges at 
the desired row width. Seed planted in the ridges is in warmer soil than that 
planted in a level field, and the young plants are less likely to be injured by 
flooding. Sunflower emergence from level plantings was only 83 % that of 
ridged plantings (R. G. Robinson, unpublished data). But lodging averaged 
39% in the ridged and 19% in the level plantings. Soil thrown around the 
sunflower stems by disk cultivation reduced lodging, but ridged plots had 
insufficient soil between the rows 76 cm apart to permit hilling. 

Any of these tillage systems can be effective for sunflower production 
in specific environments. None has general or world-wide adaptation. If 
erosion is not a major concern, systems involving the moldboard plow are 
the least likely to have problems with nutrient availability, stand establish
ment, herbicide residues, weeds, insects, or diseases. Successful systems 
result in: (a) placement of seed in firm soil and agricultural chemicals at the 
proper depth, (b) no green vegetation on the field at either planting or emer
gence, (c) crop residues that will not interfere with cultivation, herbicide, or 
fertilizer practices planned for the field, and (d) limited soil erosion. 

Elemental Composition and Requirements of Sunflower 

Many elements are found in sunflower, but only C, H, 0, P, K, N, S, 
Ca, Fe, Mg, B, Mn, Cu, Zn, Mo, and CI are essential for growth and seed 
production. 

The sources of carbon, hydrogen, and oxygen are air and water. These 
elements comprise 95.5% of the dry weight of mature sunflower plants and 
seed (Table 4). The remaining elements come from the soil matrix or ferti
lizer and are grouped into primary, secondary, and micronutrient classes. 
Those most commonly deficient on cropland are the primary elements-N, 
P, and K. Deficiencies of the secondary elements-Ca, Mg, and S-usually 
are regional. Deficiencies of micronutrients are sometimes regional but 
most often occur in parts of fields. 
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Table 4-Elemental content/ha of sunflower plants containing 10070 moisture and yielding 
2,000 kg of seed, 3,200 kg of stover, and 800 kg of roots. From Robinson (154). 

Composition Seed Stover Root 

kglha 

Water 200 320 80 
0 918 1,460 375 
H 114 181 46 
C 689 1,096 282 
N 48 31 3 
P 7 2 4 
K II 45 4 
S 3 6 0.4 
Ca 2 32 3 
Mg 4 17 I 
B, Mo, Zn, Cu, Na, Fe, Mn 0.2 4 3 
Other minerals 4 5 2 

Table 5-E1emental composition of sunflower plants during five growth periods. From Robin-
son (149, 153). 

Stem-leaves-receptacle Roots Seed 

Growth periods 

Element Seedling Heading Flowering Maturing Heading Maturing Maturing Mature 

"10 

N 4.43 3.18 1.69 0.69 1.14 0.35 2.91 2.58 
P 0.32 0.36 0.26 0.14 0.35 0.05 0.69 0.39 
K 3.22 3.18 2.01 2.37 2.91 0.58 0.82 0.59 
S 0.36 0.18 0.10 0.05 0.24 0.17 
Ca 1.62 1.67 1.22 1.34 0.34 0.35 0.18 0.11 
Mg 0.91 0.97 0.82 0.71 0.18 0.17 0.31 0.23 
Na 0.004 0.04 0.05 0.04 0.29 0.24 <0.02 <0.02 

ppm 

Fe 400 200 70 80 1,793 900 50 33 
Zn 51 28 25 12 39 23 46 48 
Cu 10 II II 9 17 8 17 13 
Mo 2 2 2 2 22 4 I 6 
Mn 79 56 35 31 74 45 18 14 
B 38 46 39 39 21 12 18 14 
Sr 85 92 66 77 26 32 5 3 
AI 3 

Sunflower seed and stover differ considerably in composition (Table 
4). The seed contains much N and relatively little Ca, Mg, and micronutri
ents, whereas the stover is low in P and relatively high in K, N, Ca, Mg, and 
micronutrients. 

Absorption of elements is rapid in relation to dry matter production 
during early growth. Consequently, elemental concentrations are high in 
young plants and decrease to maturity (Table 5). Stem/root ratios about 1 
week prior to flowering averaged 2.7 but were much higher at maturity. 
Gachon (58) reported that 66070 of the N, P, and Ca, 75% of the K, and 
90% of the Mg were absorbed during the month before and month after the 
beginning of flowering. 

Sunflower is not highly sensitive to soil pH. The crop is grown com
mercially on soils ranging in pH from 5.7 to over 8. The optimum pH de-
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pends on the properties of the soil; no pH is optimal for all soil conditions. 
The 6 to 7.2 range is an approximate optimum for many soils. Low pH (acid 
condition) may reduce activity of nonsymbiotic nitrogen-fixing bacteria, re
duce availability of P, and increase absorption of Al and Mn to toxic 
amounts. High pH (alkaline condition) may increase availability of Na to 
toxic levels, reduce availability of P, Fe, and Mn, and reduce activity of de
sirable microflora. Thirteen sunflower cultivars grown for 23 days in soil of 
known Al toxicity and pH 4.1 produced from 11 to 421170 as much top 
growth and 7 to 69% as much root growth as on the same soil adjusted to a 
pH of 5.5 with CaC03 (51). CaC03 decreased AI, Mn, Zn, and Ni in leaves 
and petioles and increased Ca, P, and Fe. 

The seed is an important source of nutrients for the young plant. Suk
hareva (185) reported that seeds of high P concentrations (1.64 to 1.87%) 
also were high in Nand K and low in oil. Crops grown from these seeds 
were high in yield and yields increased with increased PIN ratios. Beleutsev 
(16) found that sunflower fertilized for two or three generations with 180 kg 
Nand 106 kg P/ha produced seed of high Nand P content. Crops grown 
from this seed yielded 150-290 kg/ha more seed and up to 152 kg/ha more 
oil than crops from ordinary seed. P alone was nearly as effective as both N 
and P. Immersion of seed in water for 24 hours before planting increased 
germination, growth, and seed yield (198). Soaked seeds germinated and 
seedlings emerged sooner than unsoaked (179). Pre-plant soaking also was 
successfully used to ensure uniform imbibition of water in a uniform experi
ment planted the same day at nine locations in North America (157). 

Absorption of Nutrients 

The sunflower root obtains water and essential elements from the soil. 
In a comparison of the nine possible root and stem graft combinations 
among three cultivars, any root adequately supplied nutrients to any stem 
genotype, but roots did not affect stem or seed phenotype (148). 

Elements enter sunflower roots in ionic form and occasionally as com
plex organic salts. The availability of these elements is influenced by soil 
management and fertilizer additions. The ions enter the roots by diffusion, 
by exchange absorption, and by the action of carriers or ion-binding com
pounds. Although sunflower has extensively branched root systems, it is 
doubtful that roots directly contact more than a very small percentage of 
the soil volume. Consequently, direct interception of nutrients by roots rep
resents only part of the total uptake. Barber (11) reported that nutrients 
move to the roots by mass flow and diffusion. Mass flow is movement of 
nutrients through the soil in the water flow resulting from transpiration. 
Nutrient absorption by the root reduces ionic concentration in the water. 
This results in a concentration gradient along which ions diffuse to the root. 
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Organic Matter Maintenance 

Sunflower roots and stover are raw organic matter. These residues 
aerate the soil and reduce runoff and erosion. The soil microorganisms feed 
on the roots and stover which eventually become the humus fraction of the 
soil organic matter. Humus gives the soil a desirable physical structure and 
is a nutrient reserve that releases elements for crop growth throughout the 
season. 

Maintenance of soil humus requires additional N beyond that con
tained in sunflower residues. Consequently, fertilization of the sunflower 
crop rotation should supply sufficient N for both the desired yield and ef
ficient decomposition of crop residues to humus. 

A 2,000 kglha yield of sunflower removes 48 kg of Nand 689 kg of C 
in the seed, but 34 kg of Nand 1378 kg of C remain in the stover and roots 
(Table 4). The stover and roots are decomposed by the microorganisms of 
the soil into humus, CO2 , and water. The 1,378 kg of C are the energy 
source for the microorganisms. The proportions of the 1,378 kg of C re
covered as humus or lost from respiration as CO2 depend upon availability 
of N. Without N, nearly all the C will eventually be lost as CO2 because the 
C/N ratio of humus is lOll. With ample N, 65070 of the C will be lost as 
CO2 , because microorganisms retain only about 35% of the C consumed: 

1378 kg sunflower C + O2 - CO2 (896 kg C) + H20 + 482 kg microflora C 

482 kg microflora C + 34 kg sunflower N - 340 kg humus + CO2 (142 kg C) 

The 482 kg C in the micro flora required 48.2 kg N to form humus (C/N 
ratio 10/1). Because only 34 kg N were available in the sunflower residues, 
142 kg C were released as CO2 • Consequently, the N budgetlha for a 2,000 
kg seed crop amounts to 48 kg for the seed, 31 kg for the stover, 3 kg for the 
roots and 14 kg for the soil micro flora-a grand total of about 100 kg N. 

Fertilizer Trials 

Numerous research and popular publications show that sunflower re
sponds to fertilizer. Most of the research was with N, but much research in
volved P and K. 

Nitrogen is the most common element limiting sunflower yield (77, 
154, 167, 182, 215). Nitrogen fertilizer reduced oil percentage of the seed 
(34,77,93, 131, 154, 174, 178, 182, 184, 191, 194, 199,215). N increased 
protein of sunflower grown in solution culture to 38% of dry seed weight 
(34). The increase in N affected protein quality adversely because the pre-
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dominant glutamic and arginine amino acids of sunflower protein increased 
while the more limiting acids-lysine, threonine, histidine, and glycine-de
creased. In trials where both N and oil percentages were reported, decreases 
in oil percentage were accompanied by increases in N percentage. Leaf area 
was correlated positively with seed yield and was increased most by N-P-K 
and more by N than by P-K (36). N increased seeds/head (131). 

Yields increased with increasing rates of N to 200 kg/ha, but 100 kg N 
+ 44 kg P/ha gave slightly higher yields than 200 kg N (193). More publica
tions in Europe and North America report yield increases from P than from 
K. Most of the fertilizer trials in North America, however, have been on 
soils high in K so the lack of response to K was expected. The relatively high 
K content/ha of sunflower crops compared with corn indicates that an 
ample supply of K is needed (Table 3). In Illinois, K increased yield from 
465 kg/ha to 1,375 kg/ha (210). Oil concentration was not affected, or was 
increased, by P and K (93, 131, 164, 178, 182, 184, 215). P alone was the 
most effective fertilizer in increasing oil (182). Saturation of sunflower oil 
was decreased by P and K (164). The use of N-P fertilizer to hasten maturi
ty was recommended in Canada (138). 

Fertilizer Placement 

Sunflower yields are highest on fertile soils, so the residual effects of 
fertilizer applications to other crops in the crop rotation benefit sunflower. 
Direct application of fertilizer to the sunflower crop may be through soil or 
foliar treatments. 

Soil Application 

Fertilizer application is accomplished by broadcasting prior to plant
ing, row placement near or with the seed at the time of planting, or side
dressing between the rows after emergence and usually before the plants are 
30 cm high. Sunflower seeds are sensitive to fertilizer salts so not more than 
12 kg/ha of highly soluble fertilizer should contact the seed (204). The 
entire fertilizer application can be placed beside the sunflower row at plant
ing time by using a trailing disk applicator that places the fertilizer 5 cm to 
the side and 5 cm below the sunflower seeds. Uptake efficiency of P by 
sunflower was similar to that of wheat and amounted to 24% in band place
ment at seed level, 20070 in band placement below the seed, and 17% when 
mixed with the soil (206). 

Broadcast or row placements of N are equally good because of the 
solubility of N03 and its mass flow in water moving to the sunflower roots 
as a result of transpiration. Nitrogen near the seed at planting time may 
slightly stimulate early growth above that caused by broadcast applications. 
Evidence is lacking, however, that such early stimulus results in higher 
yields. 

Broadcast applications of P and K should be twice that of row place
ment on soils with low or medium levels of these elements. Most of the P 



PRODUCTION AND CULTURE 117 

and K is held on the surfaces of soil clay and organic matter. Consequently 
diffusion, not mass flow, accounts for movement of P and K to the roots. 
Barber (11) concluded that N, P, and K could be expected to diffuse to roots 
a distance of 1.00, 0.02, and 0.20 cm, respectively. Some of the P fertilizer 
should be placed near the row because of the insolubility and low mobility 
of P. Furthermore, broadcast applications of P should be in advance of 
plowing or secondary tillage because any downward movement of P is very 
slow. 

The usual practice is to either apply all of the fertilizer in row place
ment at planting or to use a combination of row and broadcast placement. 
A common practice is row placement of P, K, and part of the N. The re
maining N is broadcast before planting or sidedressed between the rows 
after emergence. 

Foliar Application 

Foliar sprays are used to correct deficiencies of micronutrients in many 
field and tree crops. Essential elements sprayed on the leaves are rapidly ab
sorbed and used. Foliar application of Mn and Mo 10 days after flowering 
increased sunflower yields by 170 to 420 kg/ha in some years but, B, Cu, 
and Zn had no effect (171). A 0.005070 solution of Zn, Cu, and Mo in the 
flowering and seed maturation stages increased oil percentage (191). 

Foliar sprays of the primary elements have not been a practical alterna
tive to soil application. Gaur et al. (62) obtained higher yields when 25% of 
the N was applied to the soil and 75% to the foliage than when all of the N 
was applied to the soil. Galgoczy (59) reported that a 1-3-3 ratio of N-P-K 
applied at rates of 24 kg/399 liters water/ha or 29 kg/l464 liters water/ha at 
the beginning of flowering increased seed yield 62%. A second treatment at 
the time of seed formation resulted in a total yield increase of 970/0. Seed oil 
percentage also increased slightly. These treatments followed soil applica
tions of 27 kg N, 30 kg P, and 30 kg K/ha on infertile sandy soils. Robinson 
(154) did not obtain significant yield increases from foliar sprays at various 
growth stages of sunflower on a fertile, silt loam soil using a 15-13-12 ratio 
of N-P-K at 7 kg/375 liters water/ha. Increasing rates to 14 kg/ha caused 
some killing of leaf tissue. 

Garcia L. and Hanway (60) found that nutrient uptake from the soil 
did not prevent depletion of N, P, K, and S from soybean leaves during the 
seed filling period. This deficiency decreased photosynthesis and the leaves 
turned yellow. Two to four foliage sprays containing the same proportions 
of N, P, K, and S found in soybean seed kept the leaves healthy and in
creased number of seeds/plant and yield. Optimum total amounts of all ap
plications amounted to SON + SP + 24K + 4S kg/ha. Materials used were 
urea, K polyphosphate, and K2S04 • Single applications should not exceed 
20 kg N/ha to avoid leaf killing. This balanced feeding approach combined 
with the new form of P has not been attempted with sunflower. Results of 
this new advance in soybean research and the mature sunflower seed 
composition in Table 5 suggest that an N-P-K-S ratio of 13-2-3-1 is a 
logical start for foliar fertilization of sunflower. 
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Fertilizer Recommendations 

Data from soil analyses and fertilizer rate experiments are used to 
formulate recommendations for fields with analyses similar to the 
experimental areas. Consequently, submission of soil samples to a testing 
laboratory is the first step to obtain fertilizer recommendations. Common 
tests are for N03-N (N03-specific ion activity electrode), extractable P 
(Bray's No.1 extractant), and exchangeable K (NH4 acetate extraction). 
The upper 15 to 20 cm of soil are used for P and K tests and the upper 60 cm 
for N03-N tests. 

Recommendations in North Dakota are based on yield goals varying 
from 1,100 to 3,400 kg/ha (Table 6). The amount of NOrN in the soil as 
indicated by soil test is subtracted from the recommendation (Column 2) for 
the desired yield goal (Column 1). The fertilizer N can be in urea, ammonia, 
or N03 forms. The simple method of subtracting the amounts of P and K 
already in the soil from the amount needed does not give a valid recom
mendation because of fixation and mobility characteristics of P and K. 
Consequently, the sums of the soil test kg/ha plus the recommended kg/ha 
differ among the soil test columns in Table 6. The P and K recom
mendations are for band placement near the seed. If P and K fertilizer is 
broadcast, the recommendations should be doubled for soils with less than 
29 kg/ha of P or 236 kg/ha of K. At least 5 kg/ha of P should be applied 
with or near the seed on soils where P is needed. 

The N03-N test has not yet proved to be a valid indicator of sunflower 
response to N in eastern and southern Minnesota. Consequently, N recom
mendations are based on soil organic matter levels and the previous crop 
(50). Recommendations are 20 kg/ha after fallow or legume sod, 65 kg/ha 
after small grain or soybean, and 110 kg/ha after corn or sugarbeet on land 
low to medium in organic matter. On land high in organic matter, N recom
mendations are 10 kg/ha after fallow or legume sod, 35 kg/ha after small 
grain or soybean, and 65 kg/ha after corn or sugar beet. P recommendation 
is 20 kg/ha for soils of less than 22 kg/ha of extractable P. K recommenda
tions are 55 kg/ha for soils testing less than 112 kg/ha of exchangeable K 
and 37 kg/ha for soils testing from 113 to 224 kg/ha of exchangeable K. 

In Manitoba, recommendations for sunflower following other crops 
are 45 to 67 kg/ha of Nand 10 to 15 kg/ha of P. K is not recommended for 
loam or clay soils, but 23 to 32 kg/ha are recommended for sandy soils (48). 

Irrigation 

Sunflower is commonly grown as a dryland crop. Crops that are more 
dependent upon irrigation or of greater economic return/ha are planted on 
the limited amount of irrigated land. Nonetheless sunflower responds to ir
rigation and yield increases exceeding 100070 are common on droughty soils 
(151). All nutrient requirements of sunflower must be met for most effective 
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Table 6. N-P-K recommendations for various yield goals and soil analyses. Adapted from 
Wagner et al. (204). 

Extractable P in soil, kglha Exchangeable K in soil, kg/ha 

NO,·Ninsoil 0- 13- 20- 29- 0- 57- 135- 236-
Yield goal + fertilizer N 12 19 28 40 >40 56 134 235 336 >336 

--kglha-- - recommended P, kg/ha - - recommended K, kg/ha -

1,100 55 7 4 0 0 0 18 13 0 0 0 
1,300 65 8 5 0 0 0 19 13 0 0 0 
1,600 80 8 5 0 0 0 19 IS 9 0 0 
1,800 90 8 6 0 0 0 19 IS 9 0 0 
2,000 100 9 7 4 4 0 19 IS 9 0 0 
2,200 110 9 8 6 5 0 19 IS 9 9 0 
2,500 125 10 9 6 5 0 19 IS 9 9 0 
2,700 135 12 10 8 6 0 24 19 13 9 0 
2,900 ISO 12 10 8 6 0 28 24 19 13 0 
3,100 165 14 12 10 6 0 37 28 24 19 0 
3,400 195 IS 12 10 6 0 47 37 28 19 0 

use of irrigation water. Robinson (lSI) found that irrigation, fertilizer, and 
fertilizer + irrigation increased yields 35, 72, and 474070, respectively. Vit
kov and Gruev (201) reported highest yields from irrigation + fertilizer, but 
no increase from either irrigation or fertilizer alone. 

Irrigation prevents premature senescence and allows normal matura
tion. Consequently seed from irrigated fields is often higher in oil percent
age (37,64,76,109,174,184,194, 201). Irrigation reduced P, Mg, Mn, and 
B concentrations, increased Sr concentrations, and did not affect N, K, Ca, 
Na, Fe, Zn, Cu, or Mo concentrations in sunflower seed (R. G. Robinson, 
unpublished data). In other trials, N was decreased by irrigation (109 and R. 
G. Robinson, unpublished data). Irrigation improved protein quality be
cause methionine, tryptophan, and lysine concentrations were highest at 
optimum soil moisture (126). Moisture stress at 40% field capacity in
creased concentrations of arginine and leucine. 

Sunflower in northern USA is irrigated with overhead sprinklers. The 
center pivot system is the most popular. Irrigation is largely on sandy soils 
and in small amounts to supplement rainfall. In other areas where irrigation 
is the major source of water, surface irrigation using raised beds between ir
rigation furrows is practiced. Furrow irrigation had little effect on disease 
incidence and increased yield, but sprinkler irrigation adversely affected 
yield and quality by increasing Septoria helianthi Ell. and Keller, Puccinia 
helianthi Schw., and Sclerotium bataticola Taubenhaus in Europe (203). 
Irrigation of commercial fields has not caused serious losses from disease in 
the USA. 

Effects of Moisture Stress 

Sunflower uses water as a nutrient, as a solvent and carrier of other 
nutrients, and to keep sunflower cells turgid and growing. The water po
tential of sunflower foliage must be below that of the water supply for water 
to move into the leaves. Boyer (21, 22) found that leaf water potential was a 
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good indicator of moisture stress in sunflower. Sunflower leaves with their 
petioles in pure water had water potentials of - 1.5 to - 2.5 bars. These 
may be normal levels for turgid leaves. But leaf growth stopped when leaf 
water potentials decreased to less than -3.5 bars. Since leaf osmotic po
tentials were about - 10 bars, the minimum turgor required for cell enlarge
ment was 6.5 bars, i.e. 10 minus 3.5. Stomates remain open at turgor pres
sures below 6.5 bars in sunflower, so low water availability may inhibit leaf 
enlargement before lack of water affects photosynthesis. In another study, 
pet photosynthesis declined from 30 mg dm-2 hour-I at -4 to -8 bars leaf 
water potential to less than 10 mg dm-2 hour-I at - 17 bars. But leaf enlarge
ment dropped from 151170 at -3 bars to 0 at -4 bars (22). Low leaf water 
potential affects transpiration and photosynthesis by closure of stomates 
and by imbibition of oxygen evolution by chloroplasts (25). 

Most irrigated sunflower suffers moisture stress between irrigations. 
Consequently recovery from moisture stress is important for both irrigated 
and dry land sunflower. Leaf water potential and photosynthesis became 
normal within 3 to 5 hours after slight desiccation, but there was no re
covery from leaf water potentials below - 20 bars (24). It took several days 
for leaf water potentials to recover from - 13 to - 19 bars, but photosyn
thesis recovery was incomplete in high light because stomates failed to open 
fully. Under low light, photosynthesis became normal within 15 hours after 
desiccation to - 17 bars. Above - 12 bars, photosynthesis recovery paral-

leled that of leaf water potential. Sionit and Kramer (180) found that the 
lower leaves wilted at a leaf water potential of - 6 bars during any stage of 
growth. 

Transpiration rate rapidly adapted to moisture stress and did not com
pletely recover after the period of stress (163). Moisture stress greatly re
duced leaf area index. 

Auxin activity paralleled the growth rate, and auxin levels in sunflower 
were highest at 30 to 80% available soil water (69). Auxin level changed 
within 1 or 2 days when moisture level was reduced to or increased from 
10% available water. 

Yield losses are generally greatest when moisture stress occurs in the 
period from 20 days before to 20 days after flowering (132, 145, 154, 162). 
In other research, sunflower was more sensitive to stress at the slow elonga
tion stage 25 days after planting than at the fast elongation, flowering, or 
ripening stages of growth (189). Stress at the elongation stages increased the 
oleic/linoleic acid ratio in the oil. 

Soil Characteristics Affecting Irrigation Frequency 

Soil consists of solid, liquid, and gaseous phases. The solid phase is a 
porous matrix. The pore spaces are occupied by the liquid phase (soil water) 
and by the gaseous phase (soil air). The solid phase of many soils is about 
50% of the soil volume. The water and air phases occupy the remaining 
volume in constantly changing proportions. Water contents of soil often are 
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expressed in terms of field capacities, permanent wilting points, and avail
able water. Field capacity is the water percentage of a well drained soil, 
initially saturated, after several days of downward drainage. Soil particles 
hold water at tensions of about 0.1 bar on sandy soils to 0.3 bar on clay soils 
at field capacity (pF 2.5). At the permanent wilting point (pF 4.2), water is 
held at a tension of 15 bars and sunflower plants in soil at this moisture level 
will not recover turgidity when irrigated. Although 15 bars is the generally 
accepted wilting point for all soils, it is not absolute, and sunflower perma
nently wilted at - 6 to - 8 bars in one soil (205). The water available for 
sunflower growth is that between the field capacity and the permanent wilt
ing point. About 90070 of the available water is held at tensions of less than 1 
bar in sand. Consequently, the soil moisture percentage of sandy soil can be 
reduced to near the wilting point percentage without severe injury to sun
flower. Sunflower growth on fine textured soils is retarded at soil moisture 
percentages considerably above the wilting point because tension increases 
greatly as the soil moisture content decreases. 

Water potential in the perirhizal soil around the individual roots may 
differ from that in the pararhizal soil that is free of roots. Faiz and 
Weatherley (47) found that the major resistance to water movement into 
transpiring sunflower plants was in the perirhizal soil. The reductions in 
water potential across the perirhizal soil and through the plant were about 
equal and amounted to about 6 bars. 

Irrigation and rain are the major sources of soil water, but the two are 
not equivalent. Irrigation water contains variable amounts of salts in solu
tion. Some salts such as CaCO lo CaS04, K2S04, or nitrates may be bene
ficial. For example, sands in central Minnesota are acid but irrigation water 
contains 18.5 kg CaC03/ha-cm to help neutralize the acidity. Other irriga
tion waters may have salts such as NaCI that have harmful effects on crop 
growth and soil structure. 

Unger et al. (194) reported that irrigated sunflower used moisture to a 
depth of at least 183 cm, and dryland sunflower used moisture to a depth of 
at least 244 cm. Nearly all of the available water was used to a depth of 120 
cm in Saskatchewan, and at normal populations and row spacings 20% of 
the roots were 0 to 13 cm deep, 52% were 13 to 25 cm deep, 15% were 25 to 
38 cm deep, and 13% were below 38 cm (200). Although these data show 
that sunflower is capable of obtaining deeply stored water, soil conditions 
determine the desirable depth of irrigation. Gravel or impermeable layers 
near the surface limit the amount of water that should be applied at each ir
rigation. Soil texture is a major factor determining frequency of irrigation. 
On clay soil, highest yields were obtained by irrigation prior to emergence 
plus three subsequent irrigations of 8 cm each. But, the greatest efficiency 
of total (irrigation + rainfall + soil) water use was 62 kg seed/ha-cm of 
water from the irrigation prior to emergence plus an irrigation 2 weeks after 
the start of flowering (194). On sandy soil (Udorthentic Haploborolls, 
sandy, mixed), 16 irrigations of 2.6 cm each were needed to maintain avail
able soil moisture above the 50% level (R. G. Robinson, unpublished data). 
Total water use amounted to 53.8 cm/ha, and the water use efficiency was 
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Table 7-Feel and appearance of soil with different amounts of water. 

Available water 

070 

0-25 

25-50 

50-75 

75 

100 
(field capacity) 

Sand Loam, silt loam Clay, silty Clay loam 

Dry, loose, 0-2t Powdery, slightly crusted, Hard, baked, cracked, 0-5t 
easily broken into powder, 
0-4t 

Dry, will not form a ball Forms a crumbly ball 
when squeezed, 2-4t when squeezed, 4-8t 

Forms a crumbly ball Forms a ball, slightly 
when squeezed, 4-5t slick,8-12t 

Forms weak ball, Very pliable, slick, 12t 
breaks easily, 5 t 

Forms a ball when 
squeezed,5-IOt 

Slick, ribbons out between 
thumb and forefinger, 
10-15t 

Slick feeling, easily ribbons 
out,15t 

No free water appears on soil but wet outline of ball is left on hand 
7t 16t lOt 

t cm of available water/m depth of soil. 

50 kg sunflower seed/ha-cm. The most efficient treatment used 33.2 cm/ha 
with an efficiency of 66 kg seed/ha-cm, but yields were 510 kglha below 
those of the 16-irrigation treatment. 

Giminez et al. (64) obtained 3.11 metric tons/ha yields by irrigating to 
replace all evapotranspiration losses (52 cm/ha), 2.8 metric tons/ha by re
placing 440/0 of evapotranspiration loss, 2.34 metric tons/ha by replacing 
22% of evapotranspiration loss, and 1.8 metric tons/ha for no irrigation. 
Water use efficiencies were 60 kg seed/ha-cm for the 3.11 metric ton yield 
and 120 kg seed/ha-cm for the 2.S-metric ton yield. Milic (117) found that 
one or two irrigations of 6 to 7 cm/ha were optimum and gave water use ef
ficiencies of 100 to 140 kg seed/ha-cm. 

Irrigation Scheduling 

Physiological measurements are direct indicators of irrigation need, 
but it is easier to use soil moisture or meteorological measurements. Soil 
moisture percentage is determined by sampling the soil at 30 cm increments 
to a depth below which few roots penetrate. The samples are weighed, dried 
at 100 C, weighed again, and soil moisture percentages calculated. Or the 
"feel" test (Table 7) can be used. 

Indirect methods of determin~ng soil moisture require less labor. Tensi
ometers function to moisture deficits of about -0.8 bar so are primarily 
useful on sandy soils. Usually they are placed at two depths. The porous 
clay tensiometer cup is filled with water. Water moves from the cup into the 
soil as the soil dries. The resulting vacuum in the tensiometer is indicated on 
a dial at the soil surface in 0.01 bar units. Another indirect method involves 
measurement of electrical resistance between electrodes embedded in blocks 
in the soil or at the end of probes placed in the soil. The atomic radiation 
method uses a probe containing a neutron emitter and a neutron-sensitive 
tube connected to an electronic meter, so readings can be taken rapidly in 
the field at various depths. 
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Table 8-DaiJy water use by sunflower plants in North Dakota. Adapted from Lundstrom and 
Stegman (l05). 

Weeks after 
Daily maximum temperatures, °c 

emergence 10-15 16-20 21-26 27-31 32-37 

cm/day 

1 0.10 0.10 0.13 0.15 0.18 
2 0.10 0.13 0.18 0.20 0.23 
3 0)0 0.15 0.23 0.28 0.30 
4 0.13 0.20 0.30 0.36 0.41 
5 0.15 0.28 0.38 0.46 0.53 
6 0.20 0.33 0.48 0.56 0.66 
7 0.23 0.38 0.56 0.66 0.76 
8 0.23 0.38 0.56 0.66 0.76 
9 0.23 0.38 0.56 0.66 0.76 

10 0.20 0.33 0.46 0.56 0.66 
11 0.20 0.33 0.46 0.56 0.66 
12 0.20 0.33 0.46 0.56 0.66 
13 0.20 0.33 0.46 0.56 0.66 
14 0.15 0.20 0.28 0.36 0.41 
15 0.10 0.13 0.18 0.23 0.28 
16 0.10 0.10 0.10 0.10 0.10 

Meteorological methods of determining irrigation need usually involve 
temperature and evaporation factors. Irrigation to replace 50070 or less of 
the water lost by evapotranspiration resulted in lower sunflower yields than 
did irrigation to replace 75 to 100% of evapotranspiration losses (64, 123). 
Irrigation to replace 100, 60, and 20% of water lost by evapotranspiration 
resulted in soil water potentials of 0, - 2, and - 8 bars, respectively (122). 
The pan evaporation method suggested for wheat involves a presowing irri
gation followed by irrigation whenever the ratio of water applied to pan 
evaporation = 0.75 regardless of stage of growth (134). Another method 
involves a continuing daily record of soil moisture deficit based on sun
flower age, maximum daily temperature, and rainfall or irrigation (105). 
The available moisture content of the soil to normal rooting depth is sub
tracted from the available moisture content at field capacity to give the 
initial soil moisture deficit. The soil moisture deficit is recalculated each day 
by subtracting rainfall or irrigation and adding the water used by sunflower 
(Table 8). Sunflower is irrigated whenever the soil moisture deficit reaches 
an uneconomic level. Considerable moisture is lost by evaporation from 
overhead sprinklers and interception by the sunflower foliage. Consequent
ly, cm of water applied should be determined from rain gauges in the sun
flower field rather than from output of the pump. This water loss often 
amounts to 10 to 20%. 

Irrigation should maintain soil moisture to at least 50% of field 
capacity (2, 109, 197). In other research, soil moisture at 80% of field 
capacity was preferable to lower levels (76, 201). Soil moisture at 80% of 
field capacity at flowering stages and at 70% of field capacity at other times 
was optimum (37, 116, 201). A maintenance level of at least 50% available 
water in the soil often is considered optimum. This is higher than 50% field 
capacity, and the amount depends on the soil texture. 
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Irrigation should continue beyond anthesis. Seed yield increased 30070 
and oil yield 48% from irrigation 16 days after midflower, and seed yield in
creased 19% from irrigation 22 days after mid flower (26). Both numbers 
and weights of seeds increased. No further improvement resulted from irri
gation to physiologic maturity, 31 days after midflower. 

WEED CONTROL 

Sunflower is both a crop and a weed. As a weed, it is a strong competi
tor with any field crop. As a crop, it is damaged but rarely destroyed by 
weeds. Weed research in sunflower has focused on annual weed control. 
Control of perennial weeds is achieved in fallow periods between crops or in 
other crops in the crop rotation. Sunflower may be grown successfully in 
fields with perennial weeds if the weeds are kept under temporary control 
with row crop cultivation. 

Weeds compete with sunflower for moisture, other nutrients in the soil, 
and occasionally for light and air. The amount of yield reduction varies 
greatly depending upon the weed species, weed density, time of weed and 
crop emergence, weather, and soil. Sunflower competes strongly with weeds 
but does not develop soil cover quickly enough to prevent weeds from estab
lishing. Sunflower given neither cultivation nor herbicide treatment yielded 
53% less than weed-free plots in North Dakota (124) and 20 to 50% less in 
Manitoba (32). Cultivation destroys the weeds between sunflower rows, but 
the weeds remaining in the row reduce yields. These yield reductions 
amounted to 12% (124),20% (154), and 10% (32). 

Chubb (32) used height as an index of sunflower growth and found that 
sunflower grew slowly during the first 2 weeks after emergence and then 
grew rapidly. Weeds emerging during the early period of slow growth 
should be more competitive with sunflower than those that emerge later. 
Yield loss was avoided by weed destruction within 3 weeks after sunflower 
emergence. If wild oat (Avenafatua L.) and sunflower emerged at the same 
time, however, the critical period for control was reduced to 2 weeks after 
emergence. Nalewaja (124) found that weeds destroyed within 2 weeks after 
sunflower emergence did not affect yield, but weeds allowed to grow for 1 
month reduced sunflower yield 25%. Maintenance of weed-free rows for 
the rest of the season was not necessary because cultivation and competition 
provided by sunflower prevented yield reduction. Johnson (78) reported 
that one or two cultivations between 2 and 6 weeks after planting were 
needed to prevent yield loss from weed competition in Georgia. 

Weed species exert varying de,grees of competition on sunflower de
pending on their growth habit and density. Sunflower yield losses increased 
from 8 to 31 % as wild mustard [Brassica kaber (DC.) L.C. Wheeler var. 
pinnatifida (Stokes) L. C. Wheeler] numbers/m of row increased from 3 to 
52 (124). In the same trial yield losses increased from 6 to 12% as yellow 
foxtail [Setaria /utescens (Weigel) Hubb.] numbers/m of row increased 
from 20 to 98. 
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Mechanical Control 

Almost all of the North American sunflower plantings are cultivated 
and/ or harrowed for weed control. Probably half of the North American 
crop also is treated with herbicides. Official surveys show that 51, 40, 59, 
and 720/0 of Minnesota's 1973, 1974, 1975, and 1976 crops, respectively, 
were treated with herbicides. Seed yields in Georgia were as high from one 
cultivation as from plots given mUltiple cultivations or herbicide treatment. 
And weed control from one or two cultivations was as good as from herbi
cides alone or with cultivation (79). Sunflower yields were low for research 
plots in these trials. It is doubtful whether the results are applicable to areas 
where yields are higher or where greater weed problems occur. 

Harrowing 

Harrowing is of most importance when herbicides are not used, be
cause it is the only practical control for weeds in the sunflower rows. It is 
also a useful supplement to herbicide treatment especially if the herbicide 
fails to control weeds. Weeds, that emerge before sunflower, can be killed 
by harrowing about 1 week after planting but before sunflower emerges. 
The implements used include the coil spring harrow, spike tooth harrow, 
rod weeder, and rotary hoe. 

The implements used for postemergence harrowing include the coil 
spring harrow, spike tooth harrow, rotary hoe, and long-tined weeder. 
Stand losses usually are less than 5070 if sunflower has at least two fully ex
panded leaves beyond the cotyledons and preferably four to six leaves when 
harrowed. In one trial stand losses were 9% at two-leaf, 7% at four-leaf, 
and less than 5% at later stages (R. G. Robinson, unpublished data). In 
other observations, seedlings that had just emerged withstood harrowing as 
well as those in the four to six leaf stage (138). Sunflower is damaged less by 
harrowing in dry afternoons when the plants are less turgid than in early 
morning. The basis of selectivity is differential plant size. Emerging weeds 
in the "white" stage are uprooted without injury to sunflower plants that 
have relatively large deep roots. Tractor speed and setting of the harrow or 
weighting of the rotary hoe to do the most damage to the weeds and the 
least to sunflower is accomplished on a "try and adjust" basis. Harrowing 
may be cross, diagonal, or with the rows, but excessive tractor wheel slip
page on the rows will cause damage. Several harrowings often are needed, 
but they should be several days apart to allow sunflower to recover and 
weeds to sprout. 

Postemergence harrowing is most practical on plowed fields. Crop 
residues left on the surface by some tillage systems are dragged with the har
row and uproot sunflower plants. The coil spring harrow and rotary hoe are 
the most commonly used implements for selective harrowing. The rotary 
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Table 9-Cultivation effects on lodging and yield of sunflower. From Robinson (154). 

Type of cultivation Lodging Yield/ha 

070 kg 

None 29 1,590 
Scraping less than 3 cm deep 25 1,763 
Disk or shovel-not hilled 26 1,723 
Disk or shovel-hilled 16 1,885 

L.S.D.,5Olo 5 176 

hoe is an excellent weed killer and crust breaker at high speeds of about 16 
km/hour. It is less likely to drag crop residues than the other implements. 
The coil spring harrow and the long tined weeder have vibrating tines which 
shake out weeds more effectively and do less damage to sunflower than the 
fixed spikes of a spike tooth harrow. These implements are most effective at 
4 to 8 km/hour. The long tined weeder does the least damage to sunflower, 
but is useless on a crusted soil. The spike tooth harrow is the best of these 
implements for breaking soil crusts, but the most damaging to sunflower. 

Interrow Cultivation 

Interrow cultivation is the basic method of weed control in sunflower. 
It is still the only practical method for control of perennial weeds like 
quackgrass. Early emerging perennials can be controlled by "blind" culti
vation of the planter marks before sunflower emergence. High-speed culti
vation without danger of covering sunflower plants can be accomplished at 
this time. 

Sunflower is normally cultivated once or twice and preferably not until 
it is 15 cm tall so that cultivation can be accomplished at reasonable speed 
without covering plants. Cultivators use sweeps, shovels, points, disk
hillers, vibra-shanks, and short rotary hoe gangs (rolling cultivator) to de
stroy weeds and direct the soil. The first cultivation, particularly with disk
hillers, generally directs the soil away from the sunflower row. The last cul
tivation should push soil into the row to cover weeds and support the stalks. 

Weed control is the most common purpose of cultivation, but crust 
breakage and lodging prevention are very important under some conditions. 
Soil blown along the surface of crusted fields will destroy sunflower seed
lings. Cultivation of the whole field or strips at right angles to the soil 
movement stops the mass movement of these foliage-cutting particles. Crust 
breakage by cultivation also affects nitrification, moisture loss, and infiltra-
tion of rainfall. Soil NOrN was higher in cultivated than in noncultivated 
corn plots (187). Cultivation of clay soils that shrink and crack deeply on 
drying reduces evaporative loss of moisture. Evaporation from the sidewalls 
of shrinkage cracks varied from 33 to 91 % of that from surface soil (1). 
Cultivation increases the maximum infiltration capacity of crusted soils 
(18). Consequently runoff is reduced and moisture saved during heavy 
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rains. However, cultivation does not have these effects under prolonged wet 
conditions because it does not affect the percolation rate through the soil 
profile. 

Sunflower may be lodged by heavy rains and wind in midsummer. Such 
losses are reduced by hilling at the last cultivation. Heads were harvested by 
hand in the trials reported in Table 9; the relative yield advantage from hill
ing probably would be even greater from combine harvest. 

Flame Cultivation 

Flame cultivation, using propane or butane gas to burn small weeds in 
the rows, did not become a farm practice in sunflower as it did in cotton 
production. Effective weed control by flaming reduced sunflower yields 
(154). Flaming is expensive and does not save cultivation expense because 
the area between the rows is cultivated at the time of flaming, and the 
number of cultivations often is increased. Furthermore, weeds compete 
with sunflower before the crop is tall enough to be flamed. The develop
ment of equipment to produce water-shielded flame might permit better 
weed control and less injury (111). The growing scarcity of petroleum prod
ucts, however, does not encourage adoption of flame cultivation. 

Preplanting Tillage 

Shallow secondary tillage one or more times during the month prior to 
seedbed preparation often has been suggested to stimulate weed seed germi
nation. Comparison of tilled vs. untilled strips showed that no such stimula
tion occurred (158). Soil temperature and moisture determinations before 
planting failed to show that preplanting tillage made conditions more favor
able for weed seed germination than conditions on undisturbed plowed soil. 
Weed counts, particularly foxtail (Setaria sp.), after crop emergence were 
higher on tilled than on untilled soil. Soil plowed in the fall usually settles 
into a compact mass by spring. Early tillage breaks up the mass into clods. 
Weed seeds trapped in these clods may not have good conditions for germi
nation and therefore remain dormant until rain again settles the soil. 
Secondary tillage operations prior to final seedbed preparation should 
normally be confined to the minimum needed to incorporate herbicides, 
fertilizer, or insecticides. 

If sunflower is planted late, early tillage may be needed to prevent 
dense weed growth that would make preparation of a good seedbed with 
secondary tillage implements impractical. Preplanting tillage for perennial 
weed control may be feasible in dry years if sunflower is planted late. 

Herbicide Incorporation 

Some herbicides must be mixed with the soil for good weed control and 
to avoid loss from volatilization or photochemical decomposition. Volatili
zation of herbicide and movement in soil water may further distribute herbi-
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cides to give homogeneous concentrations in the soil. Wauchope et al. (209) 
found that soil mixing during incorporation was not sufficient to change the 
irregular distribution of herbicide applied by fan sprays. They concluded 
that individual weeds "sample" much larger volumes of soil than did the re
searchers' 19 mm soil probe. 

The disk harrow is the most commonly used implement for incorporat
ing herbicides. Two passes to the same depth are necessary; the second 
either at right angles or in the same direction as the first. With two passes, 
the disk incorporated as deep as it cut but uniform distribution occurred to 
about 4 cm less than the depth of cut (28). Horizontal distribution of 
granules was less uniform than vertical and ranged from 6 to 16 kg/ha of an 
original 10 kg/ha application. High speed and large gang angles improved 
distribution. A smoothing harrow slightly wider than and pulled behind the 
disk improves distribution. 

Vertical incorporation of granules by the field cultivator was inferior to 
that of the disk, and horizontal incorporation was much inferior (28). In
corporation of 10 kg/ha gave horizontal distributions ranging from 3.6 to 
20.4 kg/ha. Usual recommendations suggest two passes at right angles to 
each other at a speed of at least 8 km/hour. Sweeps should be used on· the 
shanks, and a spike tooth harrow slightly wider than the field cultivator 
should be pulled behind. Chisel plows are unsatisfactory for incorporation 
because their shanks are too far apart to give even distribution of herbicide. 

The mulch treader which is a reversed rotary hoe was equal to the field 
cultivator in horizontal distribution of granules and equal to the disk in 
vertical distribution when operated 13 cm deep at 8 km/hour and with gang 
angles at least 16.5° (28). Only one pass of the mulch treader was made. 
Rolling cultivators also are satisfactory incorporators when operated at 10 
to 13 km/hour. Two passes at right angles to each other should be made. 

Equipment driven by a power take off (PTO) at speeds of less than 6 
km/hour gives good distribution in one pass to nearly the depth of opera
tion so it usually is operated about 6 cm deep. 

Preplanting incorporation of in-the-row bands of herbicide can be ac
complished with applicator and incorporation units mounted in front of the 
planter. Preemergence incorporation of narrow bands of herbicide over the 
planted row is not common, but satisfactory weed control can be achieved 
in bands as narrow as 26 cm. If granular herbicides are used, the soil must 
be level behind the planter press wheels to the width of the band, to prevent 
the granules from rolling into the press wheel tracks. Incorporation is 
accomplished with narrow treader or weeder sections or PTO-driven incor
porators. Untreated soil must not be moved into the treated bands. Conse
quently early postemergence harrowing is avoided, and the first cultivation 
should be with disk hillers directing the soil away from the rows. 

Herbicides 

Selective herbicides used on the sunflower crop kill certain weed species 
without serious injury to sunflower. The first selective herbicides recom
mended for the sunflower crop in North America were propham (isopropyl 
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carbanilate) in 1957 and diallate [S-(2,3-dichloroallyl) diisopropylthiocar
bamate] for wild oat control in Canada (137). The first herbicide recom
mended for the sunflower crop in the USA was EPTC (S-ethyl dipropylthio
carbamate) in Minnesota in 1965 (15). 

The selective action of herbicides occurs only when specified dosages 
are applied in specific ways in specific environments. Various public 
agencies approve these specifications which are printed on the container. 
The Environmental Protection Agency (EPA) regulates herbicide usage in 
the USA. Herbicides not registered by the EPA may not be sold in the USA, 
and those registered must be used only as specified on their container labels. 
Individual states, however, may occasionally approve herbicide labels on an 
emergency or temporary basis. 

Recommended rates of application are given on the labels in terms of 
that specific formulation but in general publications application rates for all 
formulations are converted to a common basis. Consequently recommenda
tions for wettable powders, suspensions, liquids, or granular products of 
varying concentrations are all expressed as kg/ha of active ingredient. Rates 
of application are expressed in terms of actual area sprayed. Thus 1 kg of a 
1 kg/ha application would cover 3 ha if sunflower rows were 75 cm apart 
and if only 25-cm bands over the rows were sprayed. Sprayable formula
tions are applied in enough water for good distribution. The amounts vary 
from about 20 liters/ha by aircraft to over 400 liters/ha for ground spray
ers. The normal range for ground sprayers is 90 to 180 liters/ha. Granular 
materials for dry application are sold in formulations with inert material to 
facilitate uniform distribution. 

Herbicide applications before planting sunflower are called preplanting 
treatments. Applications between planting and emergence are called pre
emergence, and those applied after sunflower emergence are called post
emergence treatments. At least 1 or 2 cm of water from either rain or irriga
tion is needed within a few days after planting for good performance of 
herbicides applied to the soil surface. Water also helps action of incorpo
rated herbicides. Texture and organic matter of the soil influence perform
ance of herbicides in the soil. Rates of application are adjusted to compen
sate for these soil characteristics. Rates generally increase with increasing 
amounts of organic matter and from sand to clay textures. 

Effectiveness of post emergence herbicides is influenced by the growth 
stage of the weeds and sunflower and by the aerial environment at the time 
of spraying. Drought sometimes makes weeds more tolerant to herbicides 
applied postemergence. 

Prepianting Herbicides 

EPTC, trifluralin (a,a,a-trifluoro-2,6-dinitro-N,N-dipropyl-p-tolu
idine), dinitramine (N4 ,N4-diethyl-a,a,a-trifluoro-3,5-dinitrotoluene-2,4-
diamine), and profluralin [N-( cyclopropylmethyl)-a,a,a-trifluoro-2,6-dini
tro-N-propyl-p-toluidine] are used as preplanting incorporated herbicides. 
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These herbicides are most effective on grass weeds and least effective on cer
tain dicot weeds like common ragweed (Ambrosia artemisiijolia L.) (Table 
10). The herbicides differ in volatility and in recommendations for incorpo
ration. EPTC should be incorporated within minutes after application, pro
fluralin within 4 hours, trifluralin within 8 hours, and dinitramine within 24 
hours. However, application of the herbicide and the first incorporation 
usually are done in one operation. Preparation of the seedbed accomplishes 
the final incorporation. 

Trifluralin is used at rates of 0.56 kg/ha on sandy soil of less than 2"70 
organic matter, 0.84 to 1.12 kg/ha on sandy soil of 2 to 5 % organic matter, 
0.84 kg/ha on loam and silt loam soils, and 1.12 kg/ha on clay soil or on 
soil of 5 to 10% organic matter. Applications may be made either in the fall 
preceding planting or in the spring before planting. Residues from triflura
lin applications occasionally remain sufficiently toxic to injure winter wheat 
following sunflower (130, 195). Residual toxicity has occurred occasionally 
in spring wheat and sugarbeet following sunflower in drought years in the 
Red River Valley of North America. Moldboard plowing reduces phyto
toxicity by diluting the residual herbicide with a large volume of soil. 

EPTC is applied at 3.36 kg/ha in the spring. Fall applications require 
rates of 4.48 kg/ha on sand to 5.04 kg/ha on fine-textured soils. Dinitra
mine is applied at the time of seedbed preparation at 0.37 kg/ha on sandy 
soil, 0.56 kg/ha on loam and silt loam soils, and 0.75 kg/ha on clay soil. 
Profluralin rates range from 0.56 to 0.84 kg/ha on sandy soil, 0.84 to 1.12 
kg/ha on loam and silt loam soils, and 1.12 kg/ha on clay soil. Residues 
from high rates of profluralin on sunflower in drought years may remain to 
injure the following sugarbeet crop. 

Other preplanting herbicides of current interest but not used com
mercially on sunflower include: butralin [4-{l,I-dimethylethyl)-N-{l
methylpropyl)-2,6-dinitrobenzenamine], chlorpropham (isopropyl m
chlorocarbanilate), diallate, fluchloralin [N-(2-chloroethyl)-2,6-dinitro-N
propyl-4-( trifluoromethyl)aniline], pendimethalin [N-( l-ethylpropyl)-3 ,4-
dimethyl-2,6-dinitrobenzenamine], and triallate [S-(2,3,3-trichloroallyl)di
isopropylthiocarbamate] . 

Preemergence Herbicides 

Chloramben is the only herbicide recommended for preemergence use 
on sunflower in North America. Application rates range from 2.24 kg/ha 
on sand or loam soils of less than 3% organic matter to 3.36 kg/ha on other 
soils. Chloramben is more effective on dicot and less effective on grass 
weeds than are the preplanting herbicides (Table 10). The common method 
of application is through a spray nozzle or granular applicator mounted be
hind each planter press wheel. Consequently, a band 25 to 30 cm wide is 
treated over each row thus reducing costs/ha for herbicide. 

Application of preplanting herbicide followed by chloramben preemer
gence greatly increases the certainty of adequate weed control and controls 
more species than a single herbicide. The dependence of chloramben activi
ty on moisture has led some farmers in dry areas to apply it in a mixture 
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Table 10-Weed control by herbicides recommended for sunflower in North America. 

Pre- Post-
Preplanting emergence emergence 

Dinitra- Pro- Tri-
Weed species mine EPTC fluralin fluralin Chloramben Barban 

Weed controlt 
Grasses 

Barnyardgrass [Echinochloa 
crus-galli (L.) Beauv.) E E E E G P 

Crabgrass (Digitaria sp.) E E E E G P 
Fall panicum (Panicum 

dichotomiflorum Michx.) G E E E F P 
Foxtail (Setaria sp.) E E E E G P 
Goosegrass [Eleusine indica (L.) 

Gaertn.) G E E E F P 
Nutsedge (Cyperus sp.) P E P P P P 
Proso millet (Panicum miliaceum L.) E G F G G P 
Shattercane [Sorghum bicolor (L.) 

Moench] F E F F P P 
Wildoat (Avenafatua L.) P-F G F F F G 

Dicots 

Black nightshade (Solanum 
nigrumL.) F E P P F P 

Common cocklebur (Xanthium 
pensylvanicum Wallr.) P P P P P P 

Common lambsquarters 
(Chenopodium album L.) G G G G E P 

Common ragweed (Ambrosia 
artemisiifolia L.) P F P P G P 

Jimsonweed (Datura stramonium L.) P P P P P P 
Kochia [Kochia scoparia (L.) 

Schrad.] G F G G F P 
Pigweed (Amaranthus sp.) G G G G E P 
Prickly sida (Sida spinosa L.) F P P P F P 
Smartweed (Polygonum sp.) F P P P G P 
Spurred anoda (Anoda cristata 

(L.) Schlecht.) P P P P P-F P 
Velvetleaf (Abutilon theophrasti 

Medic.) P P P P F P 
Wild buckwheat (Polygonum 

convolvulus L.) F F F F G P 
Wild mustard [Brassica kaber 

(DC.) L.C. Wheeler) P P P P F P 

t E = excellent, G = good, F = fair, P = poor. 

with their preplanting herbicide. Results have been satisfactory but not as 
good as preemergence application followed by rain or irrigation. 

Other preemergence herbicides that performed well in some research 
trials but are not recommended include: alachlor [2-chloro-2' ,6' -diethyl-N-
(methoxymethyl)acetanilide], chlorpropham, diallate, linuron [3-(3,4-di-
chlorophenyl)-l-methoxy-l-methylurea], metolachlor [2-chloro-N-(2-ethyl-
6-methylphenyl)-N-(2-methoxy-l-methylethyl)acetamide], nitrofen (2,4-di-
chlorophenyl-p-nitrophenyl ether), norea [3-(hexahydro-4, 7 -methanoin-
dan-S-yl)-l,l-dimethylurea], pendimethalin, prometryn [2,4-bis(isopropyl-
amino )-6-(methylthio )-s-triazine] , terbutryn [2-( tert-butylamino-4-( ethyl-
amino)-6-(methylthio-s-triazine], and triallate. Diallate and triallate must 
be incorporated by harrowing to avoid loss from volatilization. 
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Fluoronitrofen (2,4-dichloro-6-fluorophenyl-p-nitrophenyl ether) 
killed many grass and dicot species including large seed dodder (Cuscuta 
indecora Choisy) at 0.5 kg/ha preemergence, but sunflower was not injured 
at 16 kg/ha (188). Trifluralin and nitro fen failed to kill dodder at 8 kg/ha. 
The sunflower hypocotyl is resistant to fluoronitrofen, and the plumule is 
protected by the seed coat and cotyledons when the seedling emerges 
through the herbicide layer. This accounts for its high tolerance to this high
ly phytotoxic herbicide. 

Prometryn gave good results in many European trials and, mixed with 
trifluralin, gave sunflower yields equal to those of weed-free plots and killed 
weeds like ragweed that are resistant to trifluralin alone (196). But pro
metryn, terbutryn, and linuron have injured sunflower in other trials (79, 
165,166, and R. G. Robinson, unpublished data). 

Postemergence Herbicides 

Barban (4-chloro-2-butynyl m-chlorocarbanilate) is sprayed when most 
wild oat is in the 1.5-leaf stage and within 30 days of sunflower emergence 
at rates of 0.28 to 0.42 kg/ha. 

Research is needed to develop good postemergence herbicides for the 
sunflower crop. Nitrofen controlled several grass and dicot species in re
search trials from 1966-70. Leaf injury was evident, but yields were not re
duced (R. G. Robinson, unpublished data). Herbicides have reduced the 
number of cultivations, eliminated some harrowing, and improved weed 
control. But their greatest contribution to sunflower production has been 
increased assurance that good weed control can be achieved consistently. A 
postemergence herbicide of wide spectrum weed control and low toxicity to 
sunflower would be a great advance. 

POLLINATION 

The sunflower head (inflorescence) usually is composed of about 1,000 
to 2,000 individual flowers joined to a common base (receptacle). The 
flowers around the circumference are ligulate ray flowers with neither 
stamens nor pistil. The remaining flowers are hermaphroditic and pro
tandrous disk flowers. Anthesis of the disk flowers commences with the ap
pearance of the ray flowers and proceeds from the periphery to the center of 
the head at a rate of 1 to 4 rows/day. Arrangement of the disk flowers is not 
in concentric circles as might be implied but in arcs radiating from the 
center of the head. 

Flowering starts with the appearance of a tube partly exserted from the 
sympetalous corolla. The tube is formed by the five syngenesious anthers, 
and pollen is released on the inner surface of the tube. The style lengthens 
rapidly and forces the stigma through the tube. The two lobes of the stigma 
open outward and are receptive to pollen but out of reach of their own 
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pollen initially. Although this largely prevents self pollination of individual 
flowers, flowers are exposed to pollen from other flowers on the same head 
by insects, wind, and gravity. The interval from exsertion of the anthers to 
fertilization ofthe flower is 2 days (136). 

Cardon (30) found that pericarp development was normal but no 
ovules developed when heads were enclosed by bags during flowering. 
When he bagged one head of a multiheaded plant, ovules did not develop 
on the bagged head but grew normally on the open-pollinated heads that 
were exposed to pollen from other plants. This low self-compatibility of 
most of the older sunflower cultivars has long been recognized and used by 
plant breeders (83, 136). Sunflower cultivars with any degree of self-incom
patibility must have interplant movement of pollen for maximum seed set. 
It is generally accepted that wind is of little importance in interplant transfer 
of pollen (136) and that bees are the primary pollen movers (113). 

Yields of sunflower pollinated by bees usually have been much greater 
than those of sunflower grown in cages to exclude bees (4, 97, 128). It is im
portant in such studies also to have either cages with bees or cages open to 
insects, so that the effect of the cages on sunflower yield can be determined. 

Most (up to 97070) of the bees on sunflower are nectar collectors, but a 
small percentage collect only pollen and both types contribute to pollination 
(17, 53, 97). The nectar gathering bee inserts its tongue and head between 
the petals and anther tube in order to reach the nectar at the base of the 
corolla. As a result, the bee is dusted with pollen. About half of the bees 
pack the pollen into their corbiculae and the rest discard it, usually while 
hovering in the air (54). Individual disk flowers in the pistillate stage had 
more nectar and nectar solids than did those in the staminate or post-pistil
late stages (52, 57). Highest nectar and nectar solids occurred about 1000 
hour (52, 57). Bees visited sunflower most intensively from 0800 to 1000 
hour in early plantings (98) and from 0600 to 1100 hour (142). These times 
coincide with the greatest supply of nectar. For late plantings, peak periods 
of bee activity did not occur but populations were lowest in the hottest part 
of the day (98). 

Furgala et al. (57) found that hybrids secreted more nectar of higher 
solid content than did their cytoplasmic male sterile (cms) and restorer par
ents. Moreover cms lines had less nectar solids than did their pollen-produc
ing maintainer lines. The relatively low nectar content of the parental lines 
suggests that seed production crossing fields may be less attractive to wild 
pollinators and in greater need of honey bee colonies than are commercial 
fields. Oilseed cultivars on the average produced more nectar of higher solid 
content than did nonoilseed cultivars. Conversely, Frank and Kurnik (52) 
reported a negative correlation between nectar content and seed oil percent
age. 

Sunflower honey is a valuable commodity. A. V. Mitchener found that 
a colony gained 47 kg in 15 days while the bees foraged on sunflower (55). 
Baculinschi (8) calculated a nectar yield of about 22 kg/ha for the flowering 
period. Guynn and Jaycox (68) obtained 36 kg honey/colony when 15 
colonies were placed alongside a sunflower field of 18 ha. 
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It is difficult to have precise experimental control in measuring the 
yield increase due to honey bee colonies placed in sunflower fields. The 
overwhelming evidence indicates that bee colonies increased yields. Yields 
were 1,422 kg/ha near the apiary, 1,154 kg/ha at 61 m, 997 kg/ha at 122 m, 
and 896 kg/ha at 305 m (55). Large-scale experiments in Russia indicated 
that fields supplied with bees produced 790/0 more seed than fields without 
bees (133). With one colony/ha placed by the fields, bees worked well 
within a radius of 500 m of the apiary. 

Seed from heads pollinated by bees was much heavier and of higher 
germination than seed from self pollinated heads (95). The usual effect of 
adequate pollination, however, is a decrease in achene weight of the filled 
achenes (97). The fewer pollinated achenes in partially pollinated heads 
often grow larger than those from fully pollinated heads. 

The recommended number of bee colonies/ha varied from 20 colonies/ 
ha within 3 km of the crop (128) to about 1 colony/ha (33, 181). A field of 
50 thousand plants/ha with 1 thousand disk flowers/head will have 50 mil
lion disk flowers for pollination. Although pollination of an individual 
head is completed within 10 days, the total time for a field will be nearly 20 
days. Consequently about 3 million disk flowers/day need pollination. If 6 
bee visits/disk flower are needed (65), then 18 million flower-visits/day are 
necessary. If a bee visits 1,080 disk flowers/day (7), about 17,000 bees/ha 
would be needed to adequately pollinate 1 ha. One colony could supply this 
number if the bees are not attracted to other crops and do not have to travel 
too far. Consequently distribution of colonies through the field often is sug
gested (56, 113). Water supplies scattered through large fields also aid in bee 
distribution. Water holes about 0.5 x 1 m should be dug about 20 cm deep 
and lined with plastic sheeting to hold water (R. Bevis, personal communi
cation). 

Insecticides are rarely used during the pollination period of sunflower 
in northern USA and Canada. They are used to a considerable extent in 
western and southern USA. Insecticides used and their time of application 
should be treatments that will not reduce bee populations seriously. 

There are not enough bee colonies available to pollinate the sunflower 
crop of North America. Consequently the primary use of honey bees is in 
the seed production crossing fields where greatest benefits are likely to 
occur. Highly self-compatible hybrids that will produce a full crop of seed 
when self pollinated are now available. The need for bees in fields planted 
to such hybrids is still uncertain. Questions remain as to the adequacy of 
pollen distribution on the heads without insect activity and the need for bee 
activity to insure pollination of late emerging stigmas. Research is needed to 
answer such questions. 

The following list of observed pollinators of sunflower was provided 
by Dr. B. Furgala, Professor, Department of Entomology, University of 
Minnesota, St. Paul. Many species of Hymenoptera visit the sunflower. In 
addition to the honey bee, Apis mellifera L., the following species have 
been collected at various localities in Minnesota. (Determinations by F. D. 
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Parker, Systematic Entomology Laboratory, ARS-USDA, Beltsville, MD 
20705.) 

HYMENOPTERA 
Halictidae 

Halictus ligatus Say 
Dujourea sp. 
Agapostemon virescens (Fabr.) 
Agapostemon texan us Cr. 

Andrenidae 
Andrena helianthi Robertson 
Pseudopanurgus illinoiensis Robt. 

Megachilidae 
Megachilejrigida Smith 

Anthophoridae 
Melissodes agilis Cresson 
Melissodes rustica (Say)? 
Svastra obliqua (Say) 
Triepeolus helianthi (Robertson) 

Apidae 
Bombus nevadensis Cresson 
Bombus ternarius Say 
Bombus jervidus Fabr. 
Bombus borealis Kirby 
Bombus ajjinis Cresson 
Bombus impatiens Cresson 
Bombus griseocollis (DeGeer) 

Many other species belonging to the five families have been collected, 
but determinations are still tentative. 
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