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INTRODUCTION

Sunflower is a crop of interest in the Ogallala Aquifer region because of its
shorter growing season and thus lower overall irrigation needs. Sunflowers are
thought to better withstand short periods of crop water stress than corn and
soybeans and the timing of critical sunflower water needs is also displaced from
those of corn and soybeans. Thus, sunflowers might be a good choice for
marginal sprinkler systems and for situations where the crop types are split within
the center pivot sprinkler land area.

CURRENT IRRIGATED SUNFLOWER STUDY AT KSU-NWREC

Procedures

A study was conducted in 2009 and 2010 at the KSU Northwest Research-
Extension Center in Colby, Kansas to examine the effect of three in-season
irrigation capacities (limited to 1 inch every 4, 8, or 12 d) with and without a
preseason irrigation application (5 inches applied in early May) on sunflower yield
and water use parameters. All in-season irrigation events were scheduled using
a weather-based water budget, so the irrigation capacities represent limits on
irrigation not the actual applied amounts. Volumetric soil water content was
measured in each subplot to a depth of 8 ft in one-foot increments on a weekly to
biweekly basis throughout the crop production seasons.
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Additionally, the irrigation treatments were superimposed with three target
seeding rates of plant populations (18,000, 23,000 or 28,000 seeds/acre). A
short stature hybrid (Triumph hybrid S671) was planted on June 18, 2009 and
June 16, 2010 and the crop emerged on June 25, 2009 and June 24, 2010,
respectively.

Sunflower yield and yield components (plant population, heads/plant, seeds/head
and seed mass) seed oil quality, irrigation, total crop water use and crop water
productivity (aka WUE and defined as Yield/Water Use) were determined for
each subplot. The data was analyzed using statistical procedures from PC-SAS.

Results

Crop year 2009

The crop year 2009 was very cool and wet and irrigation needs were very low. In
2009, wet weather resulted in no irrigation being required before July 27, 2009.
Irrigation amounts for the 1 inch every 4 and 8 days treatments were identical in
2009 at 2.88 inches (3 irrigation events) because the climatic water budget did
not require the 1 inch every 4 days frequency to be used at maximum capacity.
The 1 inch every 12 days had two irrigation events for a total of 1.92 inches over
the course of the season. During the period April through October every month
had above normal precipitation and between crop emergence and crop maturity
the total precipitation was 10.18 inches.

There was a significant interaction of in-season irrigation capacity and plant
population in 2009. The general trend was for greatest yields at the lowest and
intermediate plant population (target plant populations of 18 and 23 K
plants/acre) when in-season irrigation capacity was at intermediate or the
greatest levels (1inch/8 days or 1 inch/4 days). At the lowest irrigation level, the
trend was for the greatest yields at the intermediate and greatest plant population
(Table 1). There were no other significant irrigation treatment effects on any
yield component or water use parameter in 2009 (Table 1).

In 2009, plant population significantly affected all of the water use parameters
and all of the sunflower yield components except seed yield and heads/plant
(Table 1). The number of seeds/head and seed mass compensated for
differences in plant population to achieve similar yield levels.

Crop year 2010

The early portion of the crop year 2010 was wet and irrigation needs were lower
than normal. However, later in season, it was extremely dry with only 1.08 inches
of precipitation occurring between August 4 and crop maturity on October 11.
Wet weather resulted in no irrigation being required before July 25, 2010. In-
season irrigation amounts were 11.52, 6.72, and 4.8 inches for the irrigation
capacities limited to 1 inch/4 days, 1 inch/8 days and 1 inch/12 days,
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respectively. The 2010 sunflower irrigation amounts appear to be approximately
1 inch less than normal as estimated from long term (1972-2010) irrigation
scheduling simulations conducted at Colby, Kansas.

There were no significant differences attributable to preseason irrigation on any
yield component or water use parameter with the exception of plant population
which was slightly decreased when preseason irrigation was performed (5 inches
applied in late April) as shown in Table 2. The cause of this effect is unknown
and perhaps should not be a concern at this time. So, preseason irrigation was
an uneconomical practice in 2010 with the 5 inches of application costing
approximately $17.50/acre (assuming a pumping cost of $3.50/acre-inch).

There were significant differences in yield and oil content with significantly lower
yield and oil content occurring for the lowest irrigation capacity (limited to 1
inch/12 days for a total of 4.8 inches in 2010). Greatest yields and seed mass
were obtained by the lowest target plant population (18,000 plants/acre) and at
the greatest irrigation capacity (Table 2 and Figure 1). Oil content followed a
different trend with greatest oil content occurring for the greatest target plant
population (Table 2 and Figure 1). Qil yield for the 18,000 plants/acre population
was 1357, 1361 and 1314 Ibs/acre for the 1 inch/4 days, 1 inch/8 days and 1
inch/12 days irrigation capacities, respectively. Assuming a sunflower seed yield
value of $0.213/Ib and a pumping cost of 3.50/acre-inch, the 1 inch/8 days
irrigation capacity would obtain $12.73 and $17.18 greater economic returns than
the 1 inch/4 days and 1 inch/12 days irrigation capacities, respectively.
Increases in plant population significantly decreased the seeds/head and seed
mass as might be anticipated. Water use was increased by increased irrigation
capacity as might be anticipated but was not affected by increases in plant
population (Table 1). Water productivity (yield/water use) was significantly
greater with decreases in irrigation capacity which is often the case, but must be
balanced with the effect on overall economic productivity. The smallest plant
population had significantly greater water productivity due to having a greater
sunflower yield.

171



_I | | | I | | | | I | | | | I | | | | I | | | | I | | | I_
3100 O
—~ i O/Of N
O 3000 (- —
Yo i ]
A
T 2900 —O— PPop 18 K o
D I —{1 PPop 23K ]
>— 2800 |- —A— PPop 28 K -
2700 | | | | I | | | | I | | | | I | | | | I | | | | I | | | |
42 _I | | | I | | | | I | | | | I | | | | I | | | | I | | | I_
= —0
E | —
~ 40 ]
n
% | —
E 38 —
= i A ]
O 36 —
GJ /A’
c,) - -
34 | | | | I | | | | I | | | | I | | | | I | | | | I | | | |
_I | | | | | | | | | | | | | | | | | | | | | | | | | | | I_
< :
O\ - -
A I~ 7
T 45k —D .
L) N 0 ]
c _ ]
e) B i
O 44 —
@) [ ]
43 i | | | | I | | | | I | | | | I | | | | I | | | | I | | | | ]
17 18 19 20 21 22 23

Crop water use (inches)

Figure 1. Sunflower yield, seed mass and oil content as related to total crop
water use and the targeted plant population at KSU Northwest
Research-Extension Center, Colby, Kansas in 2010. The three
clusters of data points from left to right represent irrigation capacities of
1 inch/12 days (4.80 inches), 1 inch/8 days (6.72 inches) and 1 inch/4
days (11.52 inches), respectively.
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Table 1. Summary of sunflower yield components and water use parameters for a sprinkler
irrigated study, 2009, KSU Northwest Research-Extension Center, Colby Kansas.

Targeted Harvest Seed Water  Water
Imgation  Preseason Yield Heads Seeds Seed .
capacty  imigation plantpop (Ib/a) plantpop lplant  /head "ES oie ”,Se p'Od”c,"“"’
(1000 p/a) (pla) (mg) (in) (Iofarin)

18 3266 16262 094 2114 466 456 1714 191
23 3324 20183 092 2043 402 462 1769 189

None 28 3100 2813 093 1720 372 466 1730 180
1in4d Mean 3233 20086 093 1959 413 462 1738 186
(288in) 18 329 16553 094 2155 443 457 1726 187
, 23 3326 20328 093 1919 420 463 1744 191

5 inches

28 3246 22042 099 1728 303 468 1816 179
Mean 3267 19941 095 1934 419 462 1762 186

Mean 1 inch/4 days 3250 20013 094 1947 M6 462 1750 186

18 3376 16698 095 250 434 457 1724 197
PA] 3189 20183 095 1893 404 460 1745 183

None
28 3081 2506 09 1790 375 465 1805 171
1in8d Mean 3215 1979 095 1981 404 461 1758 184
(288in) 18 3427 16553 099 214 428 450 1772 193
, 23 3208 19312 096 1934 406 461 1737 185
5 inches

28 3332 2506 101 1766 384 466 1817 184
Mean 3322 19457 099 1971 406 459 1776 188

Mean 1 inch/8 days 3269 19626 097 1976 405 460 1767 186

18 3158 16408 0.93 2198 428 457 17.50 181
23 3186 19457 096 1923 403 459 17.87 178

None
28 3168 24103 091 1728 383 46,5 1787 178
1in12d Mean 3171 19989 093 1950 405 46.0 17.75 179
(1.92in) 18 3100 16117 0.97 2127 423 461 1748 177
5 inches 23 3345 19166 0.96 1985 41.9 456 17.53 191
28 3279 23522 094 1758 384 462 1780 184
Mean 3241 19602 096 1957 408 459 1760 184
Mean 1 inch/12 days 3206 19796 095 1953 407 460 1768 182
Study-Wide Mean 3242 19812 095 1959 409 460 1761 184
Preseason None 3206 19957 094 1963 407 461 1757 183

Irrigation 5 inches 3277 19667 097 1954 411 460 1766 186

Farget plant 18 3260 16432c 095 2178a 437a 456c 1739b  188a
population 23 3263 19771b 095 1950b 409b 460b 1756b 186a
1000 p/

(1000 p/a) 28 3203 23232a 096 1748c 382c 465a 1789a 179b

Values within the same shaded column are significantly different at P<0.05 when followed by a different lower-cased lefter.
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Table 2. Summary of sunflower yield components and water use parameters for a sprinkler
irrigated study, 2010, KSU Northwest Research-Extension Center, Colby Kansas.

Targeted Harvest Seed Water ~ Water
Imgation  Preseason Yield Heads Seeds Seed .
capacty  imigation plantpop (Ib/a) plantpop lplant  /head "ES oie ”,Se p'Od”c,"“"’
(1000 p/a) (pla) (mg) (in) (Iofarin)

18 3172 20038 094 1916 404 442 269 141
PA] 2019 23668 089 1631 386 47 2274 128

None 28 2946 27007 08 1570 374 450 2832 17
1ivad Mean 3012 23571 090 1706 388 446 292 132
(11.32in) 18 3000 19166 093 1845 423 438 2099 143
, 23 3062 23958 095 1646 373 447 2115 146

5 inches

28 2087 25205 095 1597 361 4563 272 145
Mean 3172 20038 04 1916 404 442 2269 141

Mean 1 inch/4 days 3014a 23184 092 1701 387 446a 2193a 138c

18 3043 19602 092 1893 410 445 1963 157
23 289 23377 098 1668 361 446 2001 150

None 28 3004 25700 097 1563 357 453 1936 156
1iBd Mean 3012 22893 096 1708 376 448 1966 154
672in) 18 3001 1840 098 1912 406 443 1901 164
, 28 28 23087 093 1647 372 447 1931 151

5 inches

28 2061 25410 098 1506 363 4563 1958 152
Mean 3043 19602 092 1893 410 445 1963 157

Mean 1 inch/8 days 2995a 22603 096 1698 378 448a 1948b 155b

18 283 19312 096 1868 394 432 1725 175
23 2886 23522 096 1715 344 436 1685 175

None
28 2705 27588 088 1480 344 440 1710 159
1in12d Mean 2858 23474 093 1688 361 436 1707 170
(4.80in) 18 3059 19021 095 1983 390 437 1812 170
, 23 2831 2042 094 1613 370 436 1799 158
5 inches

28 2833 20572 091 1511 355 441 1767 162
Mean 2008 22845 083 1702 372 438 1793 163

Mean 1 inch/12 days 2883b 23159 093 1695 366 437b 1750c 167a

Study-Wide Mean 2064 22982 094 1698 377 444 1964 153
Preseason None 2961 23313a 093 1700 375 43 19.88 152
Irrigation | 5 inches 2067 22651b 095 1695 379 444 1939 155
18 3058a 19263c 094 1903a 405a 439c 1961 158a
Target plant
population 23 2030b 23426b 094 1653b 368b 443b 1967 151b
(1000 p/a)

28 2904b 26257a 092 1538c 359b 448a 19.62 150b

Values within the same shaded column are significantly different at P<0.05 when followed by a different lower-cased lefter.
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Summary of Current Field Study

The crop year 2009 was too wet to gain much information on response of
sunflower to irrigation, but there was the general trend of greater yields for lower
or intermediate plant populations (target populations of 18,000 to 23,000
plants/acre and actual harvest populations of 16,500 to 19,800 plants/acre) under
intermediate or higher irrigation capacities. In contrast, sunflower yield increased
with greater plant population at the lowest irrigation level.

In 2010, a year that was wet in the early portion of the season, but very dry after
August 4, sunflower seed yield increased with in-season irrigation capacity up
until a capacity of 1 inch/8 days (6.72 inches total irrigation). The lowest plant
population (target of 18,000 plants/acre and actual plant population of 19,300
plants/acre) gave the greatest yield (significant at P<0.05) and also had
significantly greater seeds/head and seed mass.

Crop water use was slightly, but significantly greater (P<0.05) for the highest
plant population in 2009 but was not affected in 2010. Crop water productivity
was not affected by irrigation in 2009 but increased with decreased levels of
irrigation in 2010. Increased plant population tended to decrease crop water
productively primarily because of seed yield reduction.

The field study will be continued in 2011 because of the wetter than normal
conditions experienced in 2009 and 2010.

RESULTS FROM EARLIER STUDIES AT KSU-NWREC

Irrigation studies with sunflower have been conducted periodically at the KSU
Northwest Research-Extension Center since 1986. These irrigation treatments in
these studies varied with some studies applying various percentages of well-
water crop water use (ET), some studies applying water at specific sunflower
growth stages, and some studies using water budget irrigation scheduling under
various irrigation system capacities. Yield response varied some from year to
year and some between studies as might be anticipated, but on the average 154
Ibs of sunflower seed was obtained for each acre-inch of water use above a yield
threshold of approximately 3 inches (Figure 2).
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Figure 2. Sunflower yield response to total seasonal crop water use for selected
studies conducted at the KSU Northwest Research-Extension Center,
Colby Kansas, 1986-2007. The PD data from 2000 and 2001 was
from dryland studies. The IT data from 2000 and 2001 was from
studies scheduled by stage of growth. The data from the PI studies
had irrigation applied at various growth periods throughout the
summer. All other studies presented here were scheduled according
to various percentages of crop water use.

RESULTS FROM SIMULATION MODELING

Thirty-nine years (1972-2010) of weather data was used to create simulated
irrigation schedules for sunflower and also corn for a comparison crop. These
irrigation schedules were also coupled with a crop yield model to estimate crop
yield at various irrigation capacities (limited to 1 inch every 3, 4, 5, 6, 8, or 10
days) and under dryland production.

Although corn has greater crop water use (ET) and requires more irrigation
(Figure 3) than sunflower, their peak water use rates and peak irrigation rates are
very similar (Figure 4). Under full irrigation (a capacity not less than 1 inch every
4 days if needed), corn uses approximately 4.3 inches more water than sunflower
during the season but only requires approximately 2.3 inches of additional
irrigation because of its growth period encompasses some months of greater
rainfall. Although peak ET and peak irrigation needs are similar between the two
crops, sunflower’s needs are for a much shorter duration and occur at a time
when corn’s needs are about to start declining.
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KSU Northwest Research-Extension Center Colby, Kansas
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Simulated average cumulative crop water use (ET), rainfall and gross
irrigation requirement for sunflower and corn for the 39 year period
1972 through 2010 at Colby, Kansas. Irrigation scheduling simulations
were performed for sprinkler irrigation amounts of 1 inch at an
application efficiency of 95%.
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Figure 4. Simulated average daily crop water use (ET) and gross irrigation
requirements for sunflower and corn for the 39-year period 1972
through 2010 at Colby, Kansas. lIrrigation scheduling simulations were
performed for sprinkler irrigation amounts of 1 inch at an application
efficiency of 95%. The data are presented as a 4 day moving average.

The shorter duration of peak ET and irrigation needs for sunflower and their
occurrence at a time when peak needs for corn are about to decline open up
some opportunities to shift irrigation allocations between crops. Additionally, the
yield decline with just slightly deficit irrigation is usually very small with
sunflowers compared to corn (Figure 5). Under the right economics, sunflower
can be a good candidate for deficit irrigation.
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Figure 5. Simulated average relative crop yield of sunflower and corn as affected
by irrigation capacity at Colby, Kansas for the 39-year period 1972-
2010. Irrigation capacity data points left to right are dryland, 1 inch
every 10, 8, 6, 5, 4 or 3 days, respectively. A capacity of 1 inch/4 days
is equivalent to an irrigation capacity of 589 gpm/125 acre center pivot
irrigation system.

As stated earlier, under full irrigation sunflower uses about 2.3 inches less
irrigation than corn. However, because relative yield reductions are less for
sunflower than with corn, many producers choose to deficit irrigate sunflowers
and the annual irrigation difference may be 4 to 5 inches. Irrigation needs are
greatest in August for sunflowers while the need is greatest in July for corn
Figure 6. Some producers may want to plant a portion of their production area to
sunflower to better manage their risk on lower capacity irrigation systems.
However, they would be advised to estimate the economics of such a decision
prior to the season. The Crop Water Allocator program ( available at
http://mobileirrigationlab.com/ ) developed by N.L Klocke and others at KSU can
help with those decisions.
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Summary

Research continues with developing irrigation strategies with sunflower in
western Kansas. Declines in sunflower yield with deficit irrigation are less drastic
than with corn, so producers may wish to consider sunflower when irrigation
system capacities are marginal. Sunflower and corn have similar peak ET and
irrigation rate requirements for full irrigation, but sunflower requires about 2.3
inches less irrigation and its peak needs began at about the time corn needs are
starting to decline. Average full irrigation of sunflowers would be approximately
12 inches, but often producers will apply between 8 and 10 inches of irrigation
because the amount of yield decline is only a few percentage points.

This paper was first presented at the Central Plains Irrigation Conference, February 22-23, 2011,
Burlington, Colorado. It can be cited as

Lamm, F.R., R.M. Aiken and A.A. Aboukheira. 2011. Irrigation research with sunflowers in

Kansas. In: Proc. 23" annual Central Plains Irrigation Conference, Feb. 22-23, 2011, Burlington,
Colorado. Available from CPIA, 760 N. Thompson, Colby, Kansas. pp. 169-180.
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