
· .

"

9 United State.
\\,\6J} Department of

Agriculture

National
Agricultural
Statistics
Service

Research and -
Applications
Division

NASS Staff Report
Number SRB-87-06

July 1987

Effect of Harvest
Delays on
Sunflower
Yield Estimates

Ralph V. -Matthews
Douglas C. Bond



EFFECT OF HARVEST DELAYS ON SUNFLOWER YIELD ESTIMATES by Ralph V.
Matthews and Douglas C. Bond, Research and Applications Division
and Estimates Division, National Agricultural Statistics Service,
u.S. Department of Agriculture, Washington, D.C. 20250, July
1987. Staff Report No. SRB-87-06.,

ABSTRACT
The National Agricultural Statistics Service conducts sunflower
objective yield surveys to forecast and estimate the yield and
production of the oil-type sunflower crop. Survey procedures
require the harvest of sample plots for yield estimation no more
than 7 days before the farmer harvests the sample field.
Experiments were conducted in 1984 and 1985 at North Dakota State
University to determine the effect of a delay in harvest of 10,
20, or 30 days. No significant differences were detected among
the harvest dates in either year due to large standard deviations
of approximately 10 and 17 percent of the overall mean in 1984
and 1985, respectively. Covariance analyses with either stalk
number or head number as the covariate were very similar in 1985.
Differences between years in the average yield and the residual
mean squares precluded 'a combined, 2-year analysis.
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SUMMARY
The sunf"lower objective yield surveys of the National
Agricultural Statistics Service are conducted to forecast and
estimate oil-type sunflower yield and production. Enumerators
are instructed to harvest sample plots for yield estimation no
more than 7 days before farmer harvest. The objective of this
research was to determine if sunflower yield estimates changed in
response to harvest delays of 10, 20, and 30 days.
In 1984 and 1985, experiments were conducted at North Dakota
State University to compare yield estimates from plots harvested
10, 20, and 30 days after the first harvest. The 4 harvest-day
treatments were compared in an experiment with a randomized
complete block design having 16 replications. No significant
differences occurred among harvest dates in either year for a
model with or without the number of stalks as a covariate. The
stalk number covariate was significant (alpha = .05) in 1985.
Nonsignificant interactions between replications and the
covariate indicated a constant yield response to the covariate in
all replications in each year. In 1985, covariance models with
stalk number or head number covariates had nearly identical
results and regression diagnostics.
Relatively large coefficients of variation (approximately .10 in
1984 and .17 in 1985) meant that the experiments could not detect
small differences which are important to the sunflower objective
yield program. Ambiguity remains about whether time lags between
the enumerator's harvest and the farmer's harvest contribute to
operationally important differences in yield estimates.
Data from the 2 years were not combined for a single analysis due
to non-homogeneity of the residual mean squares. This difference
between years was also shown by an average yield in 1985 which
was 19 percent less than that of 1984.
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EFFECT OF DELAYS IN HARVESTING ON SUNFLOWER YIELD ESTIMATES
By Ralph V. Matthews and Douglas C. Bondi

INTRODUCTION
The sunflower objective yield survey of the National Agricultural
Statistics service began on an experimental basis in North Dakota
in 1981 [2].2 The survey became operational and was expanded to
Minnesota and South Dakota in 1984. A research report on
forecasting and estimating improvements [1] recommended a study
of the time lags between the enumerator's harvest and the
farmer's harvest. It was hypothesized that a time gap between
the two harvests caused the OY yield estimate to be a biased
estimate of the farmer-harvested crop. Experiments were
conducted for NASS in 1984 and 1985 by North Dakota State
University researchers to determine if delays in harvest affected
the yield estimates.

BACKGROUND
The sunflower Enumerator's ~anua1 [7] states that the
enumerator's final preharvest visit should be made within 7 days
of the farmer's harvest. The date of the farmer's harvest is
collected in a post-harvest personal or telephone interview
during which the farmer-reported yield is also collected.
Results of the 1983 OY survey in North Dakota showed that 81
percent of the sample units were visited more than 7 days before
the farmer's harvest (table 1). Twenty-six percent of the sample
units were harvested more than 21 days before the farmer-reported
harvest date.
Table 2 contains the harvest delay results of the 1984 and 1985
OY surveys. In 1984, 77 percent of the sample units were
harvested by the enumerator more than 7 days before the farmer's
harvest; in 1985 the figure was 56 percent. The percentages of

11 The authors are mathematical statisticians with the National
Agricultural statistics Service, U.S. Department of
Agriculture.

21 Numbers in brackets refer to literature cited at the end of
this report.
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sample units harvested by the enumerator more than 21 days before
the farmer's harvest were 30 percent and 7 percent in 1984 and
1985, respectively.
Table 1 --Number of days the enumerator's harvest date preceded
the farmer-reported harvest date; 1983 sunflower OY survey, North
Dakota

Number · Number Percent•of days · of samples of total·
··0 to 7 21 19

8 to 14 46 43
15 to 21 13 12
22 to 28 14 13
29 to 35 8 7
Over 35 6 6
TOTAL 108 100

Table 2 -- Number of days the enumerator's harvest date preceded
the farmer-reported ha~vest date; 1984 and 1985 sunflower OY
surveys, North Dakota, Minnesota, and South Dakota

· 1984 · 1985· ·
Number · Number · Percent · Number . Percent· · · .

of days of samples · of total of samples of total·
0 to 7 36 23 60 44
8 to 14 36 23 41 30

15 to 21 · 37 24 24 18·22 to 28 · 26 17 8 6·29 to 35 · 13 8 2 1•OVer 35 · 8 5 0 0·
TOTAL · 156 100 135 991·

1 Total does not equal 100 due to rounding.
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Delays of this magnitude could produce overestimates of the
farmer's yield if results in sunflower are similar to those for
corn [8]. Losses of 5 to 15 percent of final dry matter were
observed when the harvest in hybrid corn test plots was delayed
by 24 days.' ~he losses appeared related to continued respiration
and the conversion of stored seed reserves during field drying
versus a quick cessation of respiration with artificial drying.
The experiments described herein examined the possibility of a
similar situation with sunflower.

METHODOLOGY
The experiments were conducted in 1984 and 1985 near Fargo, North
Dakota. Hybrid 894 was planted in 30-inch rows at a higher than
recommended density and thinned by hand to 20,000 plants per acre
at the V-2 stage [5] of development to ensure equal plant
populations. Each experiment was a randomized complete block
design with 16 replications. Each replication consisted of four
15-foot sections of one row which were assigned randomly for
harvest at one of four harvest dates. To prevent the harvest of
one plot from affecting the remaining plots, border rows were
left intact between plots. The first harvest occurred when the
crop was mature by the objective yield survey definition: plants
almost tota~ly brown and brittle and ready for harvest.within 7
days [7]. The other harvest dates were 10, 20, and 30 days
later.
The number of plants in each plot was counted in both years, and
the number of heads was also counted in 1985. The heads were
harvested by hand and dried in a forced-air dryer before
threshing. The seeds from each plot were weighed after blank
seeds and trash were removed. In 1985, two subsamples of
approximately 20 g were weighed, oven dried, and reweighed to
determine the moisture content after the forced-air drying.
The weight of filled seeds per plot (g) was converted to the
gross yield (lb/ac) with the following formula:

seed weight * 43560
gross yield = ---------------------2.5 * 15 * 453.6

where seed weight = filled seeds per plot (g)
43560 = ft2 per acre

2.5 = rowspace (ft)
15 = plot length (ft)

453.6 = g per lb.
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The gross yield variable was analyzed by analysis of variance and
analysis of covariance to evaluate the effect of delays in
harvesting.
The analysis of variance model was

Yjj = U + Rj + Dj + Ejj
where Yjj = Gross yield

U = OVerall mean
Rj = Replication (1 to 16)
D. = Day (0,10,20,30)

JEjj = Error term.
The assumptions of this model are that the replications and days
are independent and that error variance is constant among
replications.
The covariance model was

where
y ..

lJ

Yjj
U
Rj
B
X.~
R; B (Xjj)

Dj
Ejj

= U + Rj + B(Xjj) + Ri*B(Xjj) + Dj + Ejj
= Gross yield
- Overall mean= Replication (1 to 16)
= Regression coefficient between Y and X= Number of stalks per harvested plot= Interaction between replications

and the stalk number covariate= Day (0,10,20,30)
= Error term.

The assumptions of this model are that the replications, days,
and covariate are independent. The interaction term provides a
test of the independence of replications and the covariate.
Error variance among replications is also assumed constant. The
assumption was met in 1984, but not in 1985 due to one
replication with a much larger variance than all the other
replications. One plot yield which was more than 2 standard
deviations below the overall mean appeared responsible for this
large variance. No evidence indicated that the low yield was an
invalid value, and it was not removed from the analysis.
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RESULTS
Table 3 contains the 1984 gross yield means and the 1985 gross
yield and moisture content means. Each value is a mean of 16
observations. The experiment-wide means showed that,the 1985
gross yield was 19 percent lower than that of 1984. The 1985
crop was affected by lower than normal temperatures during June,
July, and August.
Table 3 -- Gross yield and moisture content means, 1984 and 1985
sunflower harvest delay experiments; Fargo, North Dakota

· 1984 · 1985· ···· Gross · Gross· ·· yield Change · yield Change Moisture content· ·Days (lbjac) (%) (lbjac) (%) (%)

0 1,967 1,490 3.5
10 1,855 -5.7 1,589 +6.6 3.9
20 · 1,840 -.8 1,522 -4.2 3.3·30 1,820 -1.1 1,454 -4.5 3.6

··All · 1,870 1,514 3.6·
In 1984, a decrease in the gross yield estimate occurred for each
10-day delay in harvesting. This trend was not present in 1985,
since the 10- and 20-day harvests both yielded more than the
initial harvest. The percentage changes from the previous
harvest dates were not uniform for the 10-day increments.
The moisture data in 1985 showed that differences occurred in the
four harvest dates, but the changes in moisture content did not
cause corresponding changes in gross yield. Although variation
was present in the moisture content values, they were much lower
than the range of moisture content at harvest, whiCh is 15 to 20
percent. Moisture content was not used to adjust to a standard
moisture percent, because moisture content data was not available
for 1984.
Table 4 shows the analysis of variance for the 1984 experiment.
The sources of variation were the replications and the harvest
day treatments. The yield estimates from the 4 harvest days were
not statistically different. The coefficient of determination
(R2) and the coefficient of variation (CV) were included for
comparisons with other models.
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Table 4 -- Analysis of variance of gross yield, 1984 sunflower
harvest delay experiment; Fargo, North Dakota

· Sum of . Mean· .
Source df squares square · F · Pr > F· ·

··Blocks · 15 2,252,073.87 150,138.26 3.40 <.01·Days · 3 206,833.97 68,944.66 1.56 .21·Residual 45 1,988,020.08 44,178.22··Total · 63 4,446,927.92·
RZ = .55cv= .11
Table 5 contains the 1984 covariance analysis with the number of
stalks per harvested plot as a covariate. The partial or Type
III sums of squares [4] were calculated as if each effect entered
the model last. The covariate term and its int~raction with
replications were both nonsignificant. The covariate's lack of
significance indicated that little was gained over the analysis
in table 4. The nonsignificance of the interaction confirmed the
assumption of independence between the replications and the
covariate. The harvest day effect was nonsignificant, which
confirmed the "results in table 4.
Table 5 -- Covariance analysis of gross yield with stalk number
as a covariate, 1984 sunflower harvest delay experiment; Fargo,
North Dakota

· Sum of Mean · ·· · ·Source df · squares square F · Pr > F· ·
Blocks (B): 15 672,903.23 44,860.22 1.44 .20
Stalks (S): 1 59,705.10 59,705.10 1.91 .18
B * S 15 680,648.30 45,376.55 1.45 .19
Days 3 94,232.41 31,410.80 1.01 .40
Residual 29 904,795.40 31,199.84

RZ = .80cv= .09
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The covariance analysis was preferable because stalk number per
plot, a factor which affects yield, was included. This analysis
also had a higher R2 value and a slightly lower CV. Both these
changes resulted from the extra terms in the model which removed
a portion of the residual sum of squares.
The 1985 analysis without the stalk number covariate is shown in
table 6. The conclusion was that no significant difference
occurred due to differences in harvest time. The 1984 (table 4)
and 1985 (table 6) analyses differed in a number of factors. In
1985, the mean and R2 values were lower, the CV was higher, and
the block effect was nonsignificant. Despite these year to year
differences, a nonsignificant difference due to harvest delay was'
observed in both years.
Table 6 -- Analysis of variance of gross yield, 1985 sunflower
harvest delay experiment, Fargo, North Dakota

Sum of Mean
Source · df squares square . F Pr > F· .

··Blocks · 15 1,012,076.51 67,471.77 .95 .52·Days • 3 157,360.10 52,453.37 .74 .54·Residual • 45 3,201,844.32 71,152.10···Total · 63 4,371,280.93·
R2 = .27
cv= .18

~~The two widely different years confirmed that testing in 2 years
was important. Reaching the same conclusion in the 2 years
reinforced the conclusion of no statistical difference among the
harvest days.
Table 7 has the 1985 covariance analysis with the stalk number
per harvested plot as a covariate. No significant difference due
to days was observed. The covariate was significant, which
indicated an improvement over the analysis in table 6. The
utility of the stalk number covariate was thus shown in 1985 but
not in 1984. The interaction between replications and the
covariate was again nonsignificant.
To test the influence of a possible outlier, a least squares
estimate [6 p.275] was calculated for that cell, and the data
were re-analyzed. In that case, the test statistics for blocks
and the blocks by stalks interaction were significant at the 10
percent alpha level. The significance of the stalk number

7



covariate and the nonsignificance of the harvest day treatments
were unchanged in the alternative analysis. Tables 6, 7, and 8
are based on the original, unaltered data.
Table 7 --Covariance analysis of gross yield with stalk number
as a covariate, 1985 sunflower harvest delay experiment, Fargo,
North Dakota

· · Sum of · Mean ·· · · ·Source df · squares square • F pr > F· •

··Blocks (B): 15 932,439.82 62,162.65. .97 •50
Stalks (S): 1 352,912.89 352,912.89 5.52 .03
B * S 15 973,697.50 64,913.17 1.02 .47
Days 3 20,706.63 6,902.21 .11 .95
Residual 29 1,852,891.16 63,892.80

R2 = .58
cv= .17
Since the number of heads harvested was also counted in 1985,
another covariance analysis was possible with the number of heads
per plot as.a covariate (table 8). This analysis was similar to
the analysis in table 7 with respect to the nonsignificance of
the day effect, the significance of the covariate, the R2 value,
and the ev. The close similarity between stalk number and head
number covariance analyses in 1985 indicated that stalk number
was an acceptable covariate.
Table 8 -- Covariance analysis of gross yield with head number as
a covariate, 1985 sunflower harvest delay experiment, Fargo,
North Dakota

Sum of · Mean • ·· · ·Source · df squares square · F · Pr > F· · ·
·•Blocks (B): 15 842,092.14 56,139.48 .85 .62

Heads (H) 1 329,135.45 329,135.45 4.98 .03
B * H · 15 866,908.92 57,793.93 .88 .60·Days · 3 24,199.59 8,066.53 .12 .95·Residual 29 1,914,738.92 66,025.48

R2 = .56
cv= .17
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Pearson-Hartley power charts [3] were used to determine the power
of the stalk number covariance analyses for an alpha level of .05
and 16 replications. For three equal treatment means and a
fourth which is one standard deviation greater, the probability
is at least .79 of rejecting the null hypothesis of equal means.
The square root of the residual mean square (1984, 177 lbjac;
1985, 253 lbjac) provided an estimate of the standard deviation
in each year. The coefficients of variation were 9.5 percent and
16.7 percent in 1984 and 1985, respectively. A differences among
treatments of 5 percent could not be detected due to high CV's,
especially in 1985, and the conclusion of no significant
differences due to delay in harvest must be made with caution.
In table 9, the residual mean squares of the 1984 and 1985 stalk
number covariance analyses were compared using an F test. If the
two years do not have homogeneous errors, they should not be
analyzed together. The F test showed that the residual terms
were not equal, and a combined analysis was not performed.
Although this was further evidence that the two years differed,
the conclusion of no difference among the four harvest dates was
reached in each year.
Table 9 -- Comparison of the residual mean squares from stalk
number covariance analyses of gross yield, 1984 and 1985
sunflower harvest delay experiments, Fargo, North Dakota
Year

1985
1984

··
····

df

29
29

.. Residual mean square

63,892.80
31,199.84

9

.. F

2.05

Pr > F

.03



CONCLUSIONS
Gross yield estimates using sunflower objective yield procedures
were not significantly different on harvest dates which were 10,
20, and 30 days after the first harvest. The yields for the 30-
day delayed harvests were 7 and 2 percent less than the initial
harvests in 1984 and 1985, respectively. In 1984, the yields
decreased through the 30-day period. In 1985, the yields for the
10- and 20-day delayed harvests exceeded the initial harvest
yield by 7 and 2 percent, respectively.
The conclusion of no difference was reached in both experiments,
despite 1985 yields that averaged 19 percent less than 1984
yields. A combined, 2-year analysis was not possible due to non-
homogeneity of the residual mean squares. Recent changes in
operational procedures have been based on analysis of only one
year's test results. This study indicated that year to year
variation affects test results and testing of procedures should
be done in more than one year.
A stalk number covariate was significant in 1985 (alpha - .05),
and no significant interaction was detected between replications
and the covariate in either year.
Due to high CV's, .the experiments could not detect small
differences which are important to the sunflower objective yield
program. It remains unclear whether time lags between the
enumerator's harvest and the farmer's harvest contribute to
operationally important differences in yield estimates.

RECOMMENDATIONS
1. Make no changes regarding the number of days between

enumerator harvest and farmer harvest. If the 7-day limit is
exceeded, there is little effect on the yield estimates.

2. Test hypotheses about procedures in more than one year to
ensure the validity of the conclusions.

3. Do not extrapolate the results of this experiment to other
objective yield crops without evidence that changes do not
occur with delays in harve~t.
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