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ABSTRACT !

Unger, P.W., 1983. Irrigation effect on sunflower growth, development, and water use.
Field Crops Res., 7:181—194.

Sunflower (Helianthus annuus L.) production in the U.S.A. has greatly increased in
recent years. Some are irrigated in the southern Great Plains, but because of declining
water supplies, limited irrigation is often used. To better manage available water for sun-
flower production, a knowledge of sunflower response to applied water is needed. The
objective of this study was to determine the effect of irrigations at readily identifiable
growth stages on sunflower growth, development, dry matter (DM) accumulation, total
water use, and water use-plant development relationships. Sunflower irrigated at budding
were 19 cm taller than those irrigated only at flowering or late flowering. Irrigation at
budding also favored leaf and stem DM production. Irrigation at flowering or late
flowering was important for head and especially seed development, which resulted in
seed being a larger part of total DM at the final sampling. Highest seed and total DM
yields were obtained with the full irrigation treatment, but they were not always signifi-
cantly higher than those resulting from fewer well-timed irrigations, namely those at
flowering or late flowering. Irrigation treatments affected the rate of oil accumulation
in seed, and had a relatively small but significant effect on final oil percent. Linoleic and
oleic acid concentrations of oil were little affected by irrigation treatments.

INTRODUCTION

Sunflower (Helianthus annuus L.) production in the U.S.A. has greatly
increased since the introduction of hybrids in the early 1970’s. Most sun-

This paper reports the results of research only. Mention of a pesticide does not constitute
a recommendation for use by the USDA nor does it imply registration under FIFRA as
amended.
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flower is grown without irrigation, but some are irrigated in subhumid and
semiarid regions where precipitation is limited, as in the southern Great
Plains. Seed yields are often doubled with adequate irrigation and plant
nutrients (Robinson, 1971). With limited irrigation which does not fully
replace soil water lost by evapotranspiration, yields are generally lower than
with full irrigation, but water use efficiency (WUE) can be higher with
limited irrigation (Gimenez Ortiz et al., 1975; Unger, 1978). The available
information shows that seed yield response to water is usually greatest when
sunflower is irrigated at late bud or flowering stages (Robinson, 1973; Unger,
1978; Stegman and Lemert, 1980). High seed yield of a crop is usually the
goal, and favorable plant development is considered essential for achieving
high yields. Through a better understanding of sunflower growth and devel-
opment as affected by water availability at different growth stages, improved
management practices can be developed to obtain greater responses when
sunflower is not fully irrigated. The objective of this study was to determine
the effect of irrigations at readily identifiable growth stages on sunflower
growth, development, dry matter accumulation, total water use with time,
and water use-plant growth relationships.

METHODS AND MATERIALS

The study was conducted in 1978, 1979, and 1980 on Pullman clay loam
(fine, mixed, thermic Torrertic Paleustoll) at Bushland, which is in northern
Texas (U.S.A.) at 35° 11’ N Lat. and 102° 5 W Long. at an elevation of
1180 m above mean sea level. Precipitation averages 470 mm annually,
with about one-half received from May to August, the major growing season
for sunflower in northern Texas.

Sunflower was rotated with fallow in a 2-year rotation. During fallow,
the plot area was uniformly disked or sweep plowed to control weeds.
Before planting sunflower, beds and furrows were formed with a disk
bedder, and triﬂuralir} (o« o ,x-trifluoro-2,6-dinitro-N,N-dipropyl-p-toluidine)
was applied at a 1.1-kg/ha ai (active ingredient) rate and incorporated with a
rolling cultivator. In 1979, a rolling cultivator was also used for additional
weed control during the growing season. No fertilizer was applied because
analyses revealed that the soil to a 1.2-m depth contained at least 112 kg/ha
of N as nitrates. Crops on Pullman clay loam at Bushland have not responded
to added P or K (Matheys et al., 1975).

The plot area was uniformly irrigated before planting sunflower to ensure
uniform germination and seedling emergence. This irrigation of about 75 mm
each year was designated the emergence (E) irrigation. The treatments, based
on time of irrigation in relation to sunflower growth stage, were:

E, emergence only;

E+B, emergence and budding;

E+F, emergence and flowering;
E+LF, emergence and late flowering;
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E+B+F, emergence, budding, and flowering;
E+B+LF, emergence, budding, and late flowering;
E+F+LF, emergence, flowering, and late flowering;
E+A, emergence and adequate irrigation; and
E+F1, emergence and full irrigation.

Budding (B) irrigations were applied when buds were 2 to 3 cm in
diameter. Flowering (F) irrigations were applied when about 5% of the
plants had ray flowers showing; the late flowering (LF) irrigations were
applied 14 days after the F irrigation. Sunflower for the E+A treatment was
irrigated when afternoon wilt was observed. Beginning at about 30 days
after emergence, sunflower for the E+FI treatment was irrigated at about
10-day intervals, unless more than about 20 mm of rain occurred. When such
rains occurred, irrigations were delayed with the delay time depending on
the amount of rainfall. The goal for the E+FI treatment was to avoid plant
wilting.

Treatments were replicated three times in 1978 and four times in 1979
and 1980. The experiment had a randomized block, split plot design. Plots
were 70 m long and 6 m (six 1-m bed-furrows) wide, and were on furrow-
irrigated land that had a uniform slope of about 0.3%. At each irrigation, the
five center furrows of each plot were irrigated through gated pipe until the
lower end of the field was fully wetted across the surface. Water application
amounts were determined, and tailwater runoff was measured from four
furrows for two replications of each treatment by use of H-flumes and water
stage recorders. Rainfall was measured near the plot area.

On 10 May 1978, 9 May 1979, and 14 May 1980, ‘Hybrid 894’ sunflower
was planted with unit planters in single rows per bed at a rate to obtain
about 64 000 plants per ha. Because of extra seed drop, some thinning was
needed to obtain a plant spacing of about 0.15 m in the row.

After planting, access tubes for measuring soil water content by the
neutron attenuation method were installed to the 2.7-m depth. Water
contents were measured at the midpoint of 0.3-m depth increments at
planting, near the start of the different growth stages, and at harvest.

In 1979 and 1980, carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl
methylcarbamate) was applied to the sunflower during the bud stage at a
1.1-kg/ha ai rate to control stem weevils (Cylindrocopturus adspersus
LeConte). In 1978 and 1979, methyl parathion [0,0-dimethyl O-(p-nitro-
phenyl) phosphorothioate] was applied twice during the flowering stage at a
0.6 kg/ha ai rate to control sunflower moths (Homoeosoma electellum
Hulst.). Moths caused no problems in 1980.

Plant heights were measured periodically during the growing season.
Beginning at 35, 80, and 27 days after planting in 1978, 1979, and 1980,
respectively, plants were cut at ground level from 1-m sections of the center
two rows per plot at weekly intervals. The plants were counted and total
fresh weight was determined for all plants. Then a subsample of two
representative plants was partitioned into leaves, stems, and, at later
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samplings, buds or heads. The green leaves were counted. The materials were
dried in a forced-air oven at 50°C. Total dry matter yields were calculated
from total sample weights and subsample fresh and dry weights. Yields of
individual plant parts were calculated from subsample dry weights of the
different parts. When seed had sufficiently developed, it was removed from
the head for determining the number of seeds per head, seed dry matter,
seed oil percent, and linoleic and oleic oil concentration of the oil. Oil
percent was determined by the nuclear magnetic resonance (NMR) method
(Granlund and Zimmerman, 1975) and oleic and linoleic concentrations of
the oil were estimated by the refractive index method (Goss, 1978).

Data were analyzed by analysis of variance, and relationships between
plant development factors and water use were established by multiple linear
regression using the step-down procedure (Ezekiel and Fox, 1959; Steel and
Torrie, 1980). Differences among means were established through use of the
Duncan multiple range test or the Protected LSD (least significant
difference) test (Steel and Torrie, 1980).

RESULTS AND DISCUSSION
Rainfall, irrigation, and soil water depletion

Growing season rainfall was near the long-term average (235 mm for May
through August) for Bushland in 1979, but only 76 and 59% of average,
respectively, in 1978 and 1980 (Table I). In all years, however, rainfall
was near or above average in late May and early June, and it continued near
average until the end of June in 1978.

Some runoff occurred from all plots as a result of the May and dJune rains
in 1978 and 1979. In 1978, however, no rain fell near the end of Period 1
(planting to budding) and sunflower on the E+A and E+FI treatment plots
was irrigated once during this period. No irrigations were needed during
Period 1 in 1979. thtle rain fell during the latter half of Period 1 in 1980;
therefore, sunflower on E+A and E+FI treatment plots was irrigated once
and twice, respectively, during Period 1 in 1980.

Because of favorable rainfall in 1979, sunflower on E+A and E+F1 treat-
ment plots were irrigated only two and four times, respectively, as compared
with four and five times, respectively, in 1978. In 1980, sunflower on E+A
and E+FI plots received, five and six irrigations, respectively. Total water use
by sunflower with the E+A and E+FI treatments, however, was similar in
1980 because the extra irrigation with the E+FI treatment caused more
runoff and less depletion of soil water. In all cases, soil water depletion
generally decreased with increases in growing season irrigation.

Plant height

Irrigation timing resulted in significant differences in plant height during
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the growing season, which were detected after the budding irrigation, and
in average final plant heights, which were measured after the sunflower had
fully flowered (Table II). Budding irrigations were applied on 26 June, 3
July, and 3 July in 1978, 1979, and 1980, respectively. Irrigation near
or at the budding stage (Treatments E+B, E+B+F, E+B+LF, E+A, and E+FI)
resulted in 19-cm taller plants than irrigations at later stages (Treatments
E+F, E+LF, and E+F+LF). Final heights resulting from the E, E+F, E+LF,
and E+F+LF treatments were not significantly different, but seed yields with
E+F, E+LF, and E+F+LF treatments were significantly greater than with the
E treatment (Unger, 1982). Because early-season water stress resulted in
short plants, but did not reduce seed yields, irrigation timing greatly
influenced water use efficiency (Unger, 1982). Controlling plant heights
by withholding irrigation until flowering may also reduce the potential for
plant lodging and associated harvesting problems and seed losses.

Leaves per plant

The number of green leaves per plant (leaves that were at least partially
green) was maximum at 45 to 55 days after planting each year (data not
shown). Although the analysis of variance indicated significant differences
due to irrigation treatments, there were no consistent trends. Water stress
affects the number of leaves per plant when it occurs before 20 days after
planting (Marc and Palmer, 1976). In this study, irrigation treatments
were imposed after 20 days; therefore, no major differences in leaf numbers
were expected, except for leaf abscission with continued water stress or
plant maturation. Although the trends for number of leaves were similar,
the photosynthetic activity may have been different because all partially
green leaves were counted. However, observations revealed that leaves of
the more fully irrigated sunflower had a higher percentage of green tissue
than those receiving less water. Also, leaves of the more fully irrigated
sunflower were larger.

Although the leaf tnumber trends were similar for the irrigation
treatments, the trends differed among years. In 1980, the number of leaves
increased more rapidly initially and, in general, decreased more rapidly
later in the season. The earlier plant development and leaf drying in 1980
were attributed to above average temperatures during June, July, and August
(Laboratory climatic data, 1980). With some treatments, limited rainfall
also contributed to early Ieaf drying.

Dry matter accumulation

Average dry matter (DM) accumulation in leaves, stems, buds or heads,
and seed is illustrated in Fig. 1. Leaves were separated from stems at the
early sampling dates with heads (buds) becoming separable by 55 days and
seed by 75 days after planting.
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Fig. 1. Effect of time and frequency of irrigation on sunflower leaf, stem, head, and seed
dry matter accumulation, Bushland, TX.

Irrigation treatments significantly affected DM accumulation in leaves,
stems, buds, or heads, and seed, and by the entire plant. The irrigation by
time interaction also significantly affected DM, except for seed DM in 1978
and 1979 and head DM in 1980.

Leaf DM accumulation was maximum at about 65 days after planting
(Fig. 1), which was 10 to 20 days after the maximum for green leaves per
plant and indicates continued leaf growth during this interval. Leaf DM
values later declined somewhat in most cases because of leaf senescence
and loss, and possibly because of translocation of photosynthate and
nitrogenous compounds to seed.

Sunflower irrigated before or at budding accumulated significantly more
DM in leaves than those not irrigated or those initially irrigated at later
growth stages. Average maximum leaf DM yields ranged from 1.12 to 1.68
t/ha for the E and E+FI treatments, respectively. At the final sampling,
leaf DM values ranged from 1.07 t/ha for the E and E+LF treatments to 1.28
t/ha for the E+FI treatment. Leaves contain a major part of plant TDM
during the growing season, but many leaves are lost before harvest (later than
sampling for this study); therefore, leaf loss would substantially decrease the
phytomass harvestable for purposes other than for seed.

Maximum stem DM weight, which occurred at or slightly after maximum
leaf DM, occurred at about the same time for all treatments and remained
near or at the maximum for the remainder of the season. Stems, which
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represent the major harvestable phytomass other than seed, accounted for
27 (E+LF) to 34% (E+B) of plant TDM at the last sampling. Average stem
DM yields at the final sampling ranged from 1.30 to 2.23 t/ha for the E+LF
and E+FI treatments, respectively.

Head DM accumulation usually reached a maximum at the last sampling
date before seed became separable from the heads. At that sampling, heads
contained florets and rudimentary seed that added to the head weight, but
which were lost or removed with the seed at later samplings. At the final
sampling, head DM yields ranged from 0.71 to 1.21 t/ha for the E and E+A
treatments, respectively. Head DM at that sampling ranged from 14 to 21%
of plant TDM for the E and E+LF treatments, respectively.

Seed DM increased for successive samplings. At the last sampling, seed DM
ranged from 1.42 to 2.67 t/ha for the E+B and E+FI treatments, respective-
ly, and represented 27 and 40% of plant TDM. Seed DM as a percent of TDM
for all treatments averaged 25 in 1978, 39 in 1979, and 37 in 1980. Higher
average values in 1979 than in 1978 resulted from more and better distribu-
tion of rainfall in 1979 (Table I). Higher values in 1980 than in 1978 were
also related to rainfall distribution. In 1978, early season rainfall favored
early season plant development, and limited rainfall at later stages resulted
in poor seed filling. Hence, the low seed DM values as a percent of plant
TDM. In 1980, negligible rainfall after mid-June resulted in both limited
plant growth and seed filling, which in turn resulted in more favorable seed
DM percentages.

Plant TDM, the composite of the various plant parts, is illustrated by the
upper curves in Fig. 1. Average TDM yields ranged from 4.75 t/ha for the
E+LF treatment to 6.75 t/ha for the E+FI treatment, a range of 2.00 t/ha.
Compared with the E treatment, TDM yields increased an average of 0.37
t/ha with one growing season irrigation (E+B, E+F, and E+LF treatments)
and 0.83 with two growing season irrigations (E+B+F, E+B+LF, and
E+F+LF treatments). For the E+A and E+FI treatments, the increase
averaged 1.55 t/ha.

Based on average values for all treatments, sunflower TDM at the last
determination was comprised of about 21% leaves, 31% stems, 17% heads,
and 31% seed. Average values for years usually differed more from the above
than average values for individual treatments.

Seed development

The E and E+B treatments resulted in significantly fewer seeds/head than
the remaining treatments, and some differences among other treatments
were also significant (Table IIT). Floral initiation in sunflower occurs before
about 30 days after planting (Marc and Palmer, 1976), which was before
the irrigation treatments were imposed in this study. Therefore, differences
in seed numbers due to treatments were not expected. The number of seeds
formed probably was similar for all treatments, but because of incomplete
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filling, lighter seed was lost during the cleaning process and not counted.
Losses due to immaturity also resulted in low seed numbers for the first and
second samplings.

Averaged across treatments, seed oil percent significantly increased for
successive samplings (Table III), indicating that oil percent increased as seed
matured. Degree of maturity, therefore, was involved at the first sampling
when the E+FI treatment resulted in a significantly lower oil percentage
than some other treatments. The fully irrigated sunflower matured slightly
slower than sunflower with the other treatments. Adequate irrigation
resulted in intermediate oil percentages in mature seed in a previous study
(Unger, 1978). In this study, the E+A and E+FI treatments resulted in
similarly high average oil percentages at the last sampling. Next highest
was for the E+LF treatment, which resulted in the highest average oil
percentage in mature seed in the previous study (Unger, 1978).

Seed oil percentage is significantly related to mean air temperature during
the seed development period (Unger and Thompson, 1982), but it is doubt-
ful that air temperature differences were involved in this study because sun-
flower on all plots were sampled on the same day. A possible factor causing
the variable results was water stress during the seed development stage
(Davidescu et al., 1977). Because of slight differences in rate of develop-
ment, a given rainstorm or irrigation occurred at slightly different growth
stages, thus causing differences in oil percentages in the seed. Also,
differential irrigation treatments caused differeniial water stress in plants,
which caused different transpiration rates and possibly different effective
plant temperatures.

Linoleic and oleic acid concentrations in oil increased and decreased,
respectively, for successive samplings (Table III). As for oil percent, degree
of maturity at sampling (Unger and Thompson, 1982), water stress at a
given seed development stage, and mean temperature (Canvin, 1965; Keefer
et al.,, 1976; Harris et al., 1978; Unger, 1980) probably affected linoleic and
oleic acid concentration of the oil. Average linoleic and oleic concentrations
of the oil were not signiffcantly affected by irrigation treatments.

Plant development-water use relationships

Based on multiple linear regression analyses involving data for all years
(not average data), plant_height, stem DM, seed DM, TDM, and seed oil
percent were significantly dependent on growing season rainfall. However,
based on rankings of the standardized regression coefficients, rainfall con-
tributed less to each factor than water use during different periods, and,
thus, rainfall was dropped from subsequent analyses (data not shown).

Final plant height was most strongly correlated with water use from
budding to flowering (Period 2); water use from flowering to late flowering
(Period 3) gave the next closest relationship (Table IV). Leaf, stem, seed, and
total DM were most closely related to water use from planting to budding
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(Period 1). However, the equation coefficients were negative, which was
opposite the expected trend. The negative coefficients (lower DM production
with greater water use) resulted from evaporation being a major part of water
use (evapotranspiration) during Period 1. All plots were irrigated before plant-
ing, thus plant growth was little affected by rainfall that occurred during the
early part of Period 1. The rain fell mainly on bare soil with much of it being
lost by evaporation. Hence, as rainfall frequency increased, evaporation
increased. The evaporation losses accounted for greater water use without
causing increased plant growth. The irrigation for the E+A and E+FI treat-
ments during this period also caused increased evaporation without causing
major DM increases.

Water use during Period 2 was not significantly correlated with any factor,
except plant height, and water use during Period 3 was correlated with only
plant height and seed per head (2 rankings). Water use from late flowering
to maturity (Period 4) resulted in significant regression coefficients with
rankings of 3 for plant height; 2 for leaf, stem, seed, and total DM; and 1 for
seed per head.

Seed oil percent was not significantly related to water use during any
period. However, linoleic and oleic acid concentrations varied significantly
with water use during Period 1. The relationship between Period 1 water use
was negativve for linoleic acid and positive for oleic acid (Table IV). These
trends are opposite those reported by Talha and Osman (1975) for sunflower
in Egypt. In their study, early season water stress resulted in higher oleic
and lower linoleic acid concentrations than later water stress. The reason
for the different results is not apparent, but differences in climate, planting
dates, and other management factors may have been involved.

The positive relationship between Period 2 water use and plant height
was as expected, as was the relationship between Period 3 or 4 water use and
seed per head. Not expected, as previously discussed, was the significant
negative relationship between Period 1 water use and leaf, stem, seed, or
total DM. Also not expected was the significant relationship between Period
3 or 4 water use and plaht height. This, however, was relatively unimportant
because of the 2 and 3 rankings, and the relatively low coefficients. The
negative relationship between Period 1 water use and seed DM suggests that
the preplant irrigation and early rainfall resulted in plants capable of seed
yields greater than those actually obtained. Yields fell below their potential
because of late season stress with some treatments.

CONCLUSIONS

Irrigation of sunflower at the budding growth stage results in taller plants
and higher leaf and stem DM production than irrigation at early to late
flowering growth stages. However, tall plants and high leaf and stem DM
yields are not essential for high seed yields. Seed yields were higher when the
sunflower was irrigated at early to late flowering stages as compared with
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irrigation only at the budding stage. Full irrigation resulted in the highest
seed yield and water use, but yield per unit of water used was lower for the
full irrigation treatment than for some other treatments that resulted in
lower yields and lower water use.
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