Sunflower seed yield and quality stabilize across planting dates during hot, dry
seasons under rainfed conditions in South Africa.

Supplementary files

Phrasia Mapfumo®?, Emma Archer*, Markus Wilken?3, Dirk Z.H. Swanevelder®, Nicky M. Creux***
!Department of Plant and Soil Sciences, University of Pretoria, Private bag X20, Hatfield 0028, South Africa

2Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria, Private bag X20, Hatfield 0028, South Africa
3Department of Biochemistry, Genetics and Microbiology, University of Pretoria, Private bag X20, Hatfield 0028, South Africa
“Department of Geography, Geoinformatics and Meteorology, University of Pretoria, Private Bag X20, Hatfield 0028, South Africa

SBiotechnology Platform, Agricultural Research Council, Private Bag X05, Onderstepoort 0110, South Africa.

*Corresponding author: Nicky Creux (nicole.creux@fabi.up.ac.za)



mailto:david.read@fabi.up.ac.za

Pretoria Potchefstroom
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Figure S1: Comparison of temperature and relative humidity parameters across different planting months for
two growing seasons (2020/2021 and 2021/2022) at Pretoria and Potchefstroom. (a) Mean maximum
temperature (Tmax) and mean minimum temperature (Tmax) across all planting months from November to
March (2020/2021). (b) Mean maximum temperature (Tmax) and mean minimum temperature (Tmax) across
all planting months from November to March (2021/2022). (c) Mean relative humidity across all planting
months from November to March. (d) Mean maximum temperature (Tmax) and mean minimum temperature
(Tmax) across all planting months (November, January, and February; 2020/2021). (¢) Mean maximum
temperature (Tmax) and mean minimum temperature (Tmin) for selected planting months (November,
January, and February; 2021/2022). (f) Mean relative humidity for selected planting months (November,
January, and February). Temperature values are expressed in degrees Celsius (°C), and relative humidity is
expressed as a percentage (%).
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Figure S2. Daily maximum and minimum temperature recorded during the month of February 2021, Pretoria
site. A heat wave occurred during this period on days highlighted by a light red box. These temperatures
coincided with February and January planting dates at emergence and leaf development stages, respectively.
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Figure S3. Statistical analysis of plant height
using ANOVA (p-value <0.05) and Tukey's
HSD test for multiple comparison to test the
effects of planting date and weather
conditions weekly (from week four to week
11) across five planting dates (2020/2021) for
season one at Pretoria site. Significant
difference between planting dates (row by
column) with p-values <0.05, are highlighted
in green filled blocks.

Figure S4. Statistical analysis of plant height
using ANOVA (p-value < 0.05) and Tukey's
HSD test for multiple comparison to test the
effects of planting date and weather
conditions weekly (from week four to
eleven) across five planting dates for the
second season (2021/2022) at Pretoria site.
Significant difference between planting
dates (row by column) with p-values <0.05,
are highlighted in green filled blocks.
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Figure S7. The 100 seed weight (a), harvest index (b) and seed yield (c) for 2020/2021 season, 100 seed weight (d),
harvest index (e) and seed yield () for 2021/2022 season at p-0.05 of Potchefstroom site. The same letters on top of error
bars indicate insignificant differences between planting dates using Tukey’s honestly significant difference, error bars
represent standard errors and n=3.



Table S1. Experimental design and trial plant for the 2020/2021 and 2021/2022 field seasons in
Pretoria and Potchefstroom in South Africa

Site Season Planting Dates Plot size Replicates

Pretoria 2020/2021 25 Nov, 17 Dec, 29 Jan, 12 Feb, 4 Mar 32.4m? 3 per planting date
Pretoria 2021/2022 29 Nov, 17 Dec, 31 Jan, 11 Feb, 11 Mar 32.4m? 3 per planting date
Potchefstroom 2020/2021 17 Nov, 26 Jan, 15 Feb 324 m? 3 per planting date
Potchefstroom 2021/2022 15 Nov, 15 Jan, 15 Feb* 32.4 m? 3 per planting date

* December 2021 planting at Potchefstroom was not established due to excessive rainfall and the March planting date

was dropped due to covid constraints and the fact frost would likely have terminated that planting date anyway in this
region.



Table S2. Levene's test of equality of error variances »° (a) dependent variable — yield traits and seed yield
and (b) design — intercept + planting date.

Treatment 100 seed weight Levene Statistic *dfl  *df2  *Sig.
Planting date ~ Based on mean 1.023 4 10 0.441
Based on median 0.237 4 10 0.911
Based on median and with adjusted df 0.237 4 7.102 0.909
Based on trimmed mean 0.928 4 10 0.486
Planting date ~ Harvest index Levene statistic dfl df2 Sig.
Based on mean 0.804 4 10 0.550
Based on median 0.052 4 10 0.994
Based on median with adjusted df 0.052 4 7.153 0.994
Based on trimmed mean 0.677 4 10 0.623
Planting date  Seed yield Levene statistic dfl df2 Sig.
Based on mean 3.792 4 10 0.040
Based on median 0.980 4 10 0.461
Based on median with adjusted df 0.980 4 60.18 0.497
Based on trimmed mean 3.496 4 10 0.049

* df indicated degrees of freedom
** Sig, indicates significance

Table S3. Levene's test of equality of error variances »° (a) dependent variable — yield traits and seed yield
and (b) design — intercept + planting date.

Treatment 100 seed weight Levene statistic *dfl *df2  *Sig.
Planting date Based on mean 1.284 4 10 0.339
Based on median 0.241 4 10 0.909
Based on median and with adjusted df 0.241 4 6.152 0.906
Based on trimmed mean 1.164 4 10 0.383
Planting date Harvest index Levene statistic dfl df2 Sig.
Based on mean 5.153 4 10 0.016
Based on median 0.424 4 10 0.788
Based on median with adjusted df 0.424 4 5.610 0.787
Based on trimmed mean 4.226 4 10 0.029
Planting date  Seed yield Levene statistic dfl df2 Sig.
Based on mean 1.382 4 10 0.308
Based on median 0.92 4 10 0.945
Based on median with adjusted df 0.92 4 28.82 0.941
Based on trimmed mean 1.02 4 70 0.361

* df indicated degrees of freedom
** Sig, indicates significance



Table S4. Levene's test of equality of error variances *° (a) dependent variable — yield traits, seed yield, and

seed quality and (b) design — intercept + planting date.

Treatment 100 seed weight Levene statistic *dfl *df2  *Sig.
Planting date Based on mean 4.000 2 6 0.079
Based on median 0.800 2 6 0.462
Based on median and with adjusted df 0.800 2 2941 0.528
Based on trimmed mean 3.652 2 6 0.092
Planting date ~ Harvest index Levene statistic dfl df2 Sig.
Based on mean 2.229 2 6 0.189
Based on median 0.462 2 6 0.651
Based on median with adjusted df 0.462 2 3.959 0.660
Based on trimmed mean 2.017 2 6 0.214
Planting date  Seed yield Levene statistic dfl df2 Sig.
Based on mean 1.110 2 6 0.389
Based on median 0.596 2 6 0.581
Based on median with adjusted df 0.596 2 4,984 0.586
Based on trimmed mean 1.072 2 6 0.400

* df indicated degrees of freedom
** Sig, indicates significance

Table S5. Levene's test of equality of error variances »° (a) dependent variable — yield traits and seed yield
and (b) design — intercept + planting date.

Treatment 100 seed weight Levene statistic  *dfl *df2  *Sig.
Planting date ~ Based on mean 2.179 2 6 0.144
Based on median 0.860 2 6 0.469
Based on median and with adjusted df 0.860 2 3.411 0.498
Based on trimmed mean 2.544 2 6 0.158
Planting date  Harvest index Levene statistic dfl df2 Sig.
Based on mean 3.741 2 6 0.088
Based on median 0.457 2 6 0.654
Based on median with adjusted df 0.457 2 2,983 0.671
Based on trimmed mean 3.263 2 6 0.110
Planting date  Seed yield Levene statistic dfl df2 Sig.
Based on mean 2.181 2 6 0.194
Based on median 0.256 2 6 0.782
Based on median with adjusted df 0.256 2 3.468 0.788
Based on trimmed mean 1.898 2 6 0.230

* df indicated degrees of freedom
** Sig, indicates significance



Table S6. Levene's test of equality of error variances *° (a) dependent variable — seed quality: oil %, protein
%, linoleic %, and oleic % and (b) design — intercept + planting date.

Treatment Oil % Levene Statistic *dfl *df2 *Sig.
Planting date Based on mean 1.243 4 10 0.354
Based on median 0.506 4 10 0.733
Based on median and with adjusted df 0.506 4 5.54 0.735
Based on trimmed mean 1.184 4 10 0.375
Planting date Protein % Levene statistic dfl df2 Sig.
Based on mean 4.77 4 10 0.021
Based on median 0.42 4 10 0.791
Based on median with adjusted df 0.42 4 3.17 0.789
Based on trimmed mean 4.02 4 10 0.034
Planting date Linoleic acid % Levene statistic dfl df2 Sig.
Based on mean 3.86 4 10 0.038
Based on median 1.36 4 10 0.314
Based on median with adjusted df 1.36 4 3.33 0.405
Based on trimmed mean 3.64 4 10 0.044
Planting date Oleic acid % Levene statistic dfl df2 Sig.
Based on mean 3.80 4 10 0.040
Based on median 0.54 4 10 0.710
Based on median with adjusted df 0.54 4 5.84 0.713
Based on trimmed mean 3.29 4 10 0.058

* df indicated degrees of freedom
** Sig, indicates significance

Table S7. Levene's test of equality of error variances *° (a) dependent variable — seed quality: oil %, protein
%, linoleic %, and oleic % and (b) design — intercept + planting date.

Treatment Oil % Levene Statistic *dfl *df2 *Sig.
Planting date Based on mean 1.82 4 10 0.202
Based on median 0.29 4 10 0.877
Based on median and with adjusted df 0.29 4 7.22 0.874
Based on trimmed mean 1.59 4 10 0.252
Planting date Protein % Levene statistic dfl df2 Sig.
Based on mean 1.40 4 10 0.302
Based on median 0.34 4 10 0.844
Based on median with adjusted df 0.34 4 6.10 0.841
Based on trimmed mean 1.29 4 10 0.338
Planting date Linoleic acid % Levene statistic dfl df2 Sig.
Based on mean 5.33 4 10 0.015
Based on median 0.49 4 10 0.743
Based on median with adjusted df 0.49 4 3.56 0.747
Based on trimmed mean 4.50 4 10 0.024
Planting date Oleic acid % Levene statistic dfl df2 Sig.
Based on mean 1.47 4 10 0.284
Based on median 0.26 4 10 0.897
Based on median with adjusted df 0.26 4 8.27 0.896
Based on trimmed mean 1.30 4 10 0.334

* df indicated degrees of freedom
** Sig, indicates significance



Table S8. Levene's test of equality of error variances *° (a) dependent variable — seed quality: oil %, protein

%, linoleic %, and oleic % and (b) design — intercept + planting date.

Treatment Oil % Levene Statistic *dfl *df2 *Sig.
Planting date Based on mean 0.93 2 6 0.447
Based on median 0.58 2 6 0.586
Based on median and with adjusted df 0.58 2 4.67 0.594
Based on trimmed mean 0.90 2 6 0.454
Planting date Protein % Levene statistic dfl df2 Sig.
Based on mean 0.11 2 0.896
Based on median 0.01 0.991
Based on median with adjusted df 0.01 5.47 0.991
Based on trimmed mean 0.09 6 0.912
Planting date Linoleic acid % Levene statistic dfl df2 Sig.
Based on mean 11.85 2 6 0.008
Based on median 0.95 2 0.438
Based on median with adjusted df 0.95 2 2.16 0.506
Based on trimmed mean 9.62 2 6 0.013
Planting date Oleic acid % Levene statistic dfl df2 Sig.
Based on mean 2.85 2 6 0.135
Based on median 0.18 2 6 0.841
Based on median with adjusted df 0.18 2 3.42 0.844
Based on trimmed mean 2.34 2 6 0.177

* df indicated degrees of freedom
** Sig, indicates significance

Table S9. Levene's test of equality of error variances *° (a) dependent variable — seed quality: oil %, protein

%, linoleic %, and oleic % and (b) design — intercept + planting date.

Treatment Oil % Levene Statistic *dfl *df2 *Sig.
Planting date Based on mean 2.29 2 6 0.182
Based on median 191 2 6 0.228
Based on median and with adjusted df 191 2 3.22 0.284
Based on trimmed mean 2.28 2 6 0.184
Planting date Protein % Levene statistic dfl df2 Sig.
Based on mean 0.17 2 6 0.184
Based on median 0.03 2 6 0.848
Based on median with adjusted df 0.03 2 5.16 0.971
Based on trimmed mean 0.15 2 6 0.971
Planting date Linoleic acid % Levene statistic dfl df2 Sig.
Based on mean 5.45 2 0.045
Based on median 0.45 2 0.656
Based on median with adjusted df 0.45 2 3.73 0.667
Based on trimmed mean 4.49 2 6 0.064
Planting date Oleic acid % Levene statistic dfl df2 Sig.
Based on mean 0.92 2 6 0.448
Based on median 0.40 2 6 0.687
Based on median with adjusted df 0.40 2 5.01 0.690
Based on trimmed mean 0.88 2 6 0.463

* df indicated degrees of freedom
** Sig, indicates significance



Table S10. Total rainfall, mean maximum (Tx) and minimum temperature (Tn) during the grain filling (period
from 50% flowering to harvest) stage across planting dates (PD) for two seasons and two locations.
Pretoria (2020/2021) Potchefstroom (2020/2021)

TX Rainfall Tn Rainfall

PD  Tn(°C) , PD > (°C

(9 o) (mm) 0) 9 (mm)
Nov 14.3 27.2 69.6 Nov 13.1 30.2 83.2
Dec 12.1 26.3 104.1 Jan 4.3 20.7 374
Jan 7.0 22.9 28.0 Feb 3.2 19.1 5.0
Feb 5.6 21.8 25 - - - -
Mar 4.0 20.3 1.7 - - - -

Pretoria (2021/2022) Potchefstroom (2021/2022)
Nov 13.7 25.7 218.5 Nov 13.2 27.0 24.7
Dec 125 24.2 218.6 Jan 3.6 21.3 59.8
Jan 6.6 21.4 75.3 Feb 2.3 20.8 41.2
Feb 5.3 20.6 31.0 - - - -
Mar 5.2 20.3 18.1 - - - -

Table S11. Effect of planting date (PD) and seasonal effects on sunflower yield, 100 seed weight,
harvest index and oil quantity and quality at the trial sites Pretoria and Potchefstroom (shaded grey)
for the 2020/2021 and 2021/2022 growth seasons

Site Variable Source of variation df  Mean square F Sig
Pretoria Seed yield Season x PD 4 1388.11 5.15 <0.001
Pretoria 100 seed weight Season x PD 4 3.54 2.56 0.041
Pretoria Harvest index Season x PD 4 504.09 6.46 <0.001
Pretoria Oil content Season x PD 4 2.84 1.25 0.321
Pretoria Oleic content Season x PD 4 65.41 5.95 0.003
Pretoria Protein content Season x PD 4 9.23 3.56 0.024
Pretoria Linoleic content Season x PD 4 8.58 0.70 0.601
Potchefstroom Seed yield Season x PD 2 2697.83 10.15 <0.001
Potchefstroom 100 seed weight Season x PD 2 1.21 1.52 0.224
Potchefstroom Harvest index Season x PD 2 1579.08 20.84 <0.001
Potchefstroom Qil content Season x PD 2 3.14 1.14 0.351
Potchefstroom Oleic content Season x PD 2 161.82 25.67 <0.001
Potchefstroom Protein content Season x PD 2 9.22 10.72  0.002
Potchefstroom Linoleic content Season x PD 2 6.26 0.21 0.815

Significance level 0.05



Table S12. Effects of planting date and weather conditions on total oil and linoleic acid content at
trial sites Pretoria and Potchefstroom (shaded grey) for the 2020/2021 and 2021/2022 growth
seasons.

Site Season Variable df Mean square F Sig.

Pretoria 2020/21 Qil 4 5.57 3.20 0.062
Pretoria 2020/21 Linoleic acid 4 21.71 2.39 0.120
Pretoria 2021/22 o] 4 1.74 0.62 0.656
Pretoria 2021/22 Linoleic 4 8.74 0.57 0.694
Potchefstroom 2020/21 Qil 2 8.48 3.19 0.114
Potchefstroom 2020/21 Linoleic 2 0.54 0.01 0.990
Potchefstroom 2021/22 Qil 2 7.07 2.49 0.163
Potchefstroom 2021/22 Linoleic 2 16.75 2.06 0.209

Significance level 0.05



R script used to calculate GDD or thermal time

# Thase = 6 degrees, Topt = 28 degrees

# Load libraries (make sure these are already installed and loaded)
library(readxl)

library(dplyr)

library(writexl)

# Set parameters
Thase <- 6
Topt <- 28

# STEP 1: Get your file path (run this first to browse for your file)
file_path <- file.choose()
print(file_path)

# STEP 2: Get sheet names
sheet_names <- excel_sheets(file_path)
print(paste("Found", length(sheet_names), "sheets"))

# STEP 3: Function to calculate GDD
calculate_gdd <- function(tmin, tmax, tbase = 6, topt = 28) {
tmax_adj <- pmin(tmax, topt)
tmin_adj <- pmax(tmin, tbase)
tmean <- (tmax_adj + tmin_adj) / 2
gdd <- pmax(tmean - tbase, 0)
return(gdd)

# STEP 4: Read first sheet to check column names
first_sheet <- read_excel(file_path, sheet = 1)
print("Column names in your data:")
print(names(first_sheet))

# STEP 5: Process all sheets
# IMPORTANT: Update Tmin and Tmax below to match your actual column names
all_data <- list()

for (sheet in sheet_names) {
cat("\nProcessing:", sheet, "\n")

df <- read_excel(file_path, sheet = sheet)

df <- df %>%
mutate(
GDD = calculate_gdd(tmin = Tmin, tmax = Tmax, tbase = Thase, topt = Topt),
Cumulative_GDD = cumsum(GDD)
)

all_data[[sheet]] <- df
cat("Total GDD:", round(sum(df$GDD, na.rm = TRUE), 2), "\n")
}

# STEP 6: Save results

output_file <- file.path(dirname(file_path), "weather_data_with_GDD.xIsx")
write_xIsx(all_data, output_file)

cat("\nSaved to:", output_file, "\n")

# Summary

summary_table <- data.frame(
Planting_Date = sheet_names,
Total_GDD = sapply(all_data, function(x) sum(x$GDD, na.rm = TRUE)),
Days = sapply(all_data, nrow)

)

print(summary_table)



