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Title: Examination of the impact of peanut maturity on emergence, vigor, and
subsequent life history traits
Investigators: Diane Rowland, Barry Tillman, (dlrowland@ufl.edu; 229-869-2952);
Timothy Grey (tgrey@uga.edu; 229-386-7239)

Layman’s Summary:
Our previous research in 2014 and 2015, has clearly documented the tremendous impact maturity has, not only

on germination and emergence, but also on subsequent life history traits and physiological performance of the
crop season long. We have also shown that some varieties are more affected by immaturity than others. These
results have led to a host of questions not previously addressed including 4 priority areas our team has
identified: 1) develop a late season prediction tool to evaluate seed maturity and the probability of harvesting
quality seed; 2) develop a robust peanut vigor test that addresses additional physiological traits; 3) evaluate the
generational imprint of immaturity on next season crop performance; and 4) develop a definitive test of peanut
maturity based on chemical analysis and use this to test alternative in-shell maturity assessment techniques that
do not require pod blasting. This work will not only further evaluate the impact of maturity on the peanut
industry but will also provide applicable tools for growers to improve seed maturity and thus quality.

Project Purpose:

An improvement in seedling emergence and vigor is needed by peanut growers and the industry. The criticality
of seed maturity has new significance — it has been shown recently that seed maturity level has long-lasting
effects beyond just those on germination (de Casas et al., 2012) and our results in peanut support this same
conclusion. These enduring effects are likely to be physiologically based. Building on our research that clearly
shows the detrimental impact of seed maturity on development, physiological performance, yield, and grade of
the subsequent crop, we propose four tests that will address ways to assess in-season seed quality, seed vigor,
generational imprint, and chemical changes during maturity that are currently not available. In all this work, we
will examine the interaction between genotype and maturity level to continue our database on the cultivars that
are particularly sensitive to immaturity.

Hypothesis and Objectives:
We have four specific projects that will quantify the overall impact of peanut maturity and develop effective

ways in which the grower can improve seed quality.

Project 1: We hypothesize that the probability of producing high quality seed can be determined in-season using
a variety of seed and canopy tests. Building on work by Rowland et al. (2008) that related canopy nutrient
indices to crop maturity, we will analyze nutrient levels in seed and leaves during the late season. The specific
objective of this project is to develop a late-season prediction tool for determining the probability that a field
will produce quality seed.

Project 2: We hypothesize that an index of early establishment traits will better predict crop vigor and
performance than the currently utilized tests. The specific objective of this project is to develop a peanut seed
vigor test that more accurately predicts crop performance in-season.

Project 3: We hypothesize that there is a generational imprint of maturity such that mature seed will produce
seed that is more vigorous and that will ultimately produce higher quality seed in subsequent generations. The
specific objective of this project is to evaluate seed produced from our prior trials that originated from mature
and immature seed of two cultivars to determine if a generational impact of maturity can be demonstrated.
Project 4: We hypothesize that biochemical testing can be used as a definitive indicator of seed maturity (as
opposed to mesocarp color) and that this can be utilized to test the efficacy of remote assessment of in-shell
maturity. The specific objective of this project is to develop a definitive, objective test of maturity as well as
non-destructive, remote tests of seed maturity.
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Experimental Plan and Methods:

Project 1: Serial harvests (120, 130, and 140 DAP) will be carried out in Jay, FL on experimental plots in a
randomized complete block design. Pods and leaves will be collected from four cultivars (FloRun 107,
TUFRunner 511, TUFRunner 297, GA-06G) and will be assessed for seed and leaf calcium and boron content,
number of immature pods, seed dry weight, seed vigor (in tests developed in Project 2), and seed germination
vigor response evaluated on a thermal-gradient table with temperatures simultaneously ranging from 60 to 802F
(Grey, 2012). Data will be used to develop a predictor index to determine the probability of high seed quality by
harvest and variety.

Project 2: A variety of seed physiological tests will be conducted on 6 peanut cultivars including: accelerated
aging, cool temperature emergence, calcium concentration, rooting velocity, and electrolyte leakage. These
characteristics will be evaluated separately and in a multivariate model to predict overall seedling performance.
This approach will allow us to develop and identify a suite of traits that will be a more robust evaluation of plant
vigor and emergence/establishment in the field.

Project 3: Seed collected from small plot trials in 2014 and 2015 from two cultivars that were produced from
both black and yellow seed will be utilized to determine generational impacts. These seed lots will be separated
by color into black and yellow categories and assessed using the germination tests described in Project 1 and the
thermal-gradient table.

Project 4: To develop a definitive chemical test of maturity, we will run a host of lipid and carbohydrate profiles
of seed from different maturity levels.

Measurable Outcomes and Potential Impacts:

Quantification of seedling and adult plant traits among genotypes and how they interact with maturity level
would provide important information for breeding programs. Further, by using this information and identifying
cultivars that are more highly impacted by immaturity, safeguards could be put in place to improve the level of
maturity of seed peanuts for those cultivars in particular. These measures could have tremendous economic
impact; seed cost could be reduced because seeding rates could be reduced. Overall, the quantification of seed
maturity level on life history traits in this proposed research provides important basic scientific information that
is lacking for current peanut genotypes.

Potential Pitfalls:
All information gained from this project has impact on advancing our understanding of the link between seed
quality (including maturity) and seedling emergence and plant life history. Therefore, no foreseeable pitfalls are

evident.
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Progress to Date 08/01/2017

Project 1: Develop a late season prediction tool to evaluate seed maturity
and the probability of harvesting quality seed.

Dr. Mike Mulvaney was the project director for this portion of the project. Researchers: Krystel Pierre,
Michael J. Mulvaney, Diane L. Rowland, Barry Tillman, Tim Grey

Objectives:
To develop a late season prediction tool of the probability of a seed field to produce quality seed

Summary:

In order to determine the effect of dig dates (and hence maturity) on seed quality, a two year study
has been conducted. Four cultivars were planted at two sites in Jay, FL with three sequential dig dates
during 2016. Foliar and kernel tissue samples were taken at each harvest date in order to correlate
tissue nutrient concentrations with seed quality. Site 1 was planted on May 11, 2016 on a Red Bay
sandy loam (fine-loamy, kaolinitic, thermic Rhodic Kandiudults). Site 2 was planted on May 18-19, 2016
on a Troup loamy sand (loamy, kaolinitic, thermic Grossarenic Kandiudults). A total of 644.7 mm (26.2
inches) of rainfall was received during the cropping season, which was lower than the 15 year normal
(748.5 mm, 29.5 inches) over the same period. Early season thrips damage was evident on site 1. Leaf
spot pressure was high throughout the season. Harvested pods have been separated into maturity
classes and are currently breaking dormancy in preparation for germination and vigor testing. Leaf and
kernel tissue nutrient results are pending.

Methods:

The research was conducted at the West Florida Research and Education Center in Jay, FL. The design
was a 4 (variety) x 3 (dig date) RCBD split-plot with four replications. Main plots were varieties and
subplots were harvest dates. The cultivars were FloRun 107, TUFRunner 511, 13303, and GA 06G. The
dig dates were approximately 2200 adjusted growing degree days (aGDD), 2400 aGDD and 2600 aGDD.

Lime and other nutrients were applied before planting according to soil test recommendations. The
gypsum was applied approximately four weeks after planting. Plots were eight rows

wide x 25 feet long on three foot centers, single-row. Weeds were chemically controlled and escapes
were hand-weeded as needed. Field operations are listed in Table 1. The day before each dig date,
second nodal leaves were sampled and analyzed for nutrient concentrations. After each dig date, yield
data were taken from two rows, pod samples were taken from another two rows for separation into
maturity class and subsequent germination assessment on a thermal gradient table, and two additional
rows were hand threshed for use in seedling vigor assessment due to begin this winter. Incubation
tests to determine treatment effects on seedling vigor are planned to begin during the Spring 2017.



Table 1. Field operations during 2016 at Jay, FL
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Date
4/6/2016
4/27/2016

5/11/2016
5/18/2016
5/19/2016
6/8/2016

6/10/2016
6/17/2016
6/23/2016
6/30/2016
7/1/2016

7/11/2016
7/26/2016
8/4/2016

8/19/2016
8/23/2016
9/9/2016

9/13/2016
9/16/2016
9/20/2016
9/23/2016
9/30/2016

Operation

Took soil sample, 0-12”

Site 1 fertilized: Lime= 1000 Ib/ac, P205= 60 Ib/ac, K20=70 Ibs/ac, S=27 Ibs/ac,

B=0.5 lbs/ac, Cu= 0.49Ib/ac

Site 2 fertilized: Lime= 1000 Ib/ac, P205= 40 Ib/ac, K20= 110 Ib/ac, S= 12 Ib/ac,

B=0.7 Ib/ac

Site 1 was planted

Site 2 06G was planted due to rain we stopped
Site 2 the rest of the varieties were planted
Site 1 Thrip rating

Sitel and 2 received Gramoxone

between the rows was tilled

gypsum was applied

Cadre db was applied; Standard station practice
Sprayed with Select; Standard station practice
Bravo applied 1.5pts ac. Both site

Bravo applied 1.5pts ac. Both site

Sprayed with Select; Standard station practice
Bravo applied 1.5pts ac. Both site

Convoy applied 1.8pts ac. Both site

Site 1 first digging

site 2 First digging

Site 1 Second digging

Site 2 Second digging

Site 1 Third dig

Site 2 Third digging

Results and Conclusions:
Daily climate data are shown in Figure 1. Rainfall data are shown as a cumulative deviation from a 15-
year normal (2001-2016). A sudden rainfall occurred during planting of Site 2 on May 18 while planting
the cultivar GA06-G which may have affected germination and emergence of that cultivar at that site.
Although Figure 1 appears to show a season-long rainfall deficit compared to normal, the normal
average total rainfall for the period is 748.5 mm of which 664.7 mm was received during the 2016
season, leaving a season-long deficit of 83.8 mm. After planting of Site 1 (May 11), average daily
temperatures were close to normal for the first week after planting. However, after planting of Site 2
(May 18-19), average daily temperatures were generally below normal for the first week after planting.
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Figure 1. Daily climate data at Jay, FL during the 2016 growing season. Rainfall data are shown as
cumulative rainfall deviation from the 15 year normal (2001-2016).

Pod subsamples have been counted, blasted, separated into maturity classes, and are currently
breaking dormancy prior to exposure on the thermal gradient table and incubation to quantify vigor.
Analyses are ongoing for tissue concentration data.

Preliminary data for the yield are shown in Figure 2. The yield was affected by the high leaf spot
pressure that both site experienced. Site 1 (SL) overall looks to be lower than site 2(LS) as expected
due to the thrip damage observed at the beginning of the season. Site 1 also seemed to have a
decrease in yield for 13303 and TR511 with the different aGDDs that should not be happening. Site 2
yield for O6G are lower from the unexpected cold rain during the planting that might have affected the
germination. The analysis of the data will give us more information.
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Yield (lbs/ac) by Site, Variety and aGGD
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Figure 2: average yield for site 1 (SL) and site 2 (LS) sorted by the different varieties (13303,
FloRunner 107, TurfRunner 511, GA 06G) and aGDDs. Within a site and variety, different letters
represent significantly different means at p<0.05 (LSD).

Results and discussion from 2015

In the first-year data, we found that Ca level is effected by the GDD for both the leaf and the kernel.
The Ca level tends to decrease in the kernel the later the GDD (figure 3). The inverse can be observed
in the leaf (figure 4). For the B we did not see any differences by GDD for the kernel (figure 5) but for
the leaves you can observe a significant increase in the B concentration by GDD (figure 6).

Unfortunately, the germination component to the study from the germination table did not yield any
difference between the sample either by GDD or maturity class (figure 7). Germinability of a seed is
determined early in the seeds formation, which is why no statistically germination differences can be
observed. The difference is in the vigor which is why we hope to find a difference in the soil
component of the study we are going to include this year.
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Calcium level in the kernel by GDD

1300
=—@-— Mature kernels
=0=: Immature kernels
1200
€ Effect P-value
g Culivar 05432
— Maturity 0.1513
[ 1 Cult*Mat  0.429
g 1100 GDD 0.0136
N
£
£ 1000 -
=]
3
© ~ S
© ~
900 - ~ N
~
~
~
N mme———————---=0
800 . : : , '
2150 2200 2250 2300 2350 2400 2450

GDD

Figure 3: represent the amount of calcium in the kernel at harvest for different GDDs and two
different maturity class (mature or immature). The solid line represents the mature kernel sample
and the dashed the immature sample.

Calcium percentage in the leaf by GDD

2.3
A
A
22 1 Effect P-value
Cultivar  0.1198
21 GDD  0.0001
GDD*Cult 0.7077
“—
©
D 2.0 A
£
g 1.9 4
3
©
O 18
X
. —e— FR107
: Q== TR 511
- 13303
1.6 4 A~ GA06G
15 T T T T T
2150 2200 2250 2300 2350 2400 2450

GDD

Figure 4: represent the amount of calcium in leaves at different GDDs and for different cultivars. The
green line is for Georgia 06G, the blue represent 13303, the red line is TurfRun 511 and the black is

for FloRunner 107.
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Figure 5: level of B in the kernel for each GDD. The solid line represents the mature kernel sample

and the dashed the immature sample.
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Figure 6: level of boron in the leaves at different GDDs separated cultivars. The green line is for
Georgia 06G, the blue represent 13303, the red line is TurfRun 511 and the black is for FloRunner

107.
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Figure 7: The represent the percent germination of each sample from temperatures ranging from 14
to 32 degree Celsius. These samples are separated between immature and mature pods as well as
different GDDs. There is no significance between the mature and immature samples as well as GDD.

Project 2: Develop a robust peanut vigor test that addresses additional

physiological traits.

Dr. Barry Tillman and Dr. Diane Rowland were the project directors for this portion of the
project. Marco Goyzueta was the associated grad student manager carrying out the project activities.
During the year, trials utilizing the plastic rhizotron chambers were made. Scans at 7 days after planting
were taken and utilized to determine correlations with visual observations. Correlations between the
rhizotron chamber scans and the harvested roots scans were confirmed showing the adequacy of the
method utilizing in situ root scans during development for capturing total root length and other traits.

The relationship between different root architectural traits and maturity was evaluated. Mature
and immature seed were planted in the plastic rhizotron chambers from seed produced in 2014 and
2015. There was a clear effect of maturity on the different root traits, where mature seed presented
greater mean values in root traits in 2014. However, differences between mature and immature seed
were not detected for seed produced in 2015. Because of this, the effect of maturity was evaluated
across 4 years: 2012, 2013, 2014 and 2015. Mature and immature seed means were not statistically
different for the evaluated root traits, even when each year was evaluated individually. We think this
was because mature and immature seed for these trials was selected according to the endocarp
coloration and not by the accepted mesocarp color selection developed for the Maturity Profile Board.
New experiments need to be made to assess the effect of maturity when mature and immature pods
are selected by the mesocarp color.
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Another type of experiment was initiated to evaluated the digital color analysis of single pods.
Images of various pods visually evaluated to maturity color class were scanned and submitted to the
University of Florida resource: PeanutProfile. Data for the number of pixels that fell in each
classification determined by PeanutProfile was used to build a model. The selected model included by
the sum of b5 and b3 color classification categories and subtraction of b1 category (with each color
definition multiplied by the coefficient given from a multiple regression). The built model was able to
separate statistically the different mesocarp color categories from the population used to build the
model and a second population that was processed at the same time. We think this can be an excellent
tool for researchers that are aiming to find better ways to understand the maturity on a single pod
basis.

Project 3: Evaluate the generational imprint of immaturity on next season

crop performance.
Dr. Diane Rowland was the project director for this portion of the project.

A. Field Experiment — evaluating the effect of maturity memory — 1 generation
Methods

A field study was established on 10 May 2015 at the Plant Science Research and Education Unit
(PSREU) in Citra, FL. The coordinate were as follows:

NE corner 29.40579521 N, 82.17681830 W

NW corner 29.40579971 N, 82.17701029 W

SW corner 29.40553098 N, 82.17702055 W

SE corner 29.40552761 N, 82.17682891 W

The plot plan is included below (Figure 8), indicating a Randomized Complete Block Design with two
cultivars (Florunner 107, TUFRunner 727), 2 maternal plant maturities (maturity of the seed that the
maternal plant originated from — black and yellow), and two progeny maturity classes (maturity of the
seed that was used to establish the current 2016 trial — black and yellow).

2 cultivars: FlorRun 107, TUFRunner 727

2 Maternal plant maturities (maturity of seed that maternal plant originated): black, yellow
2 Progeny maturity classes: picked mature (black) and immature (yellow)

4 replications
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Figure 8: RCBD design of the 2016 Maturity Memory study established at PSREU in Citra, FL



There were four blocks and each block had eight plots. Each plot is an experimental unit and had
two rows (10 ft in length with 3 ft between rows). It was a full factorial design with three factors
and they were cultivar (TUFRunner727 and FloRun107), maternal maturity (mature and
immature) and progeny maturity (mature and immature) (Table 2).

Each plot was harvested using threshers to remove the vines. Total peanut weights (with shell)
were measured by scale and then transformed into yield (pound/acre). Before harvest, 200 pods
were randomly picked up from each plot and pod blasting was performed to remove the exocarp.
After pod blasting, peanut pods were placed on scanner. Images were taken and uploaded to
PeanutFARM website. DIM results were acquired from each plot.

Table 2. Experimental design of rep number, cultivar, maternal maturity and progeny

maturity.

Plot Rep number | Cultivar Maternal Progeny
number maturity maturity
101 1 TUFRunner727 | Immature Immature
102 1 TUFRunner727 | Immature Mature
103 1 FloRun107 Mature Immature
104 1 FloRun107 Immature Mature
105 1 TUFRunner727 | Mature Mature
106 1 TUFRunner727 | Mature Immature
107 i FloRun107 Mature Mature
108 1 FloRun107 Immature Immature
201 2 TUFRunner727 | Immature Mature
202 2 TUFRunner727 | Mature Mature
203 2 TUFRunner727 | Mature Immature
204 2 FloRun107 Immature Mature
205 2 FloRun107 Mature Immature
206 2 FloRun107 Immature Immature
207 2 TUFRunner727 | Immature Immature
208 2 FloRun107 Mature Mature
301 3 TUFRunner727 | Mature Immature
302 3 FloRun107 Mature Mature
303 3 TUFRunner727 | Mature Mature
304 3 FloRun107 Immature Mature
305 3 TUFRunner727 | Immature Mature
306 3 FloRun107 Mature Immature
307 3 TUFRunner727 | Immature Immature
308 3 FloRun107 Immature Immature
401 4 FloRun107 Immature Mature
402 4 FloRun107 Mature Mature




