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Summary

Soybean, a globally important crop, re- Lee Farm, Portageville, Missouri. Photo-
quires improved yield potential to meet the synthetic traits, including SPAD, Light in-
rising demand without expanding produc- tensity (PAR), PSII efficiency (FvP/FmP),
tion areas. Photosynthesis is fundamental to maximum quantum yield (Phi2), non-_pho-
plant growth and a key target for yield en- tochemical quenching (NPQt) and linear
hancement. This study aimed to evaluate electron flow (LEF), were measured at the
the variation in photosynthetic efficiency R2-R3 stage. Significant phenotypic varia-
among 54 elite soybean breeding lines us- tion was observed across the breeding lines
ing the non-destructive MultispeQ tool. for key traits, such as SPAD (mean 43.3),
Field experiment was conducted in 2024 at Phi2 (mean 0.36), and LEF (mean 211
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pmol m2/s), highlighting genetic diversity
in photosynthetic performance. Correlation
analyses revealed positive associations be-
tween FvP/FmP and Phi2 (r = 0.47), as well
as LEF and PAR (r = 0.80), indicating a
strong relationship between PSII efficiency
and light-use efficiency. Conversely, NPQt
negatively correlated with Phi2 (r = -0.45),
illustrating a trade-off between energy dis-
sipation and photosynthetic performance.

INTRODUCTION

Soybean is one of the world’s most im-
portant food crops and serves as a crucial
source of vegetable protein and oil. To meet
the growing global demand for soybean, the
rate of yield improvement must double to
avoid further expansion of production areas
(Zhu et al 2010; Rains 2011). Photosynthe-
sis is the fundamental physiological process
driving plant growth and development. Fu-
ture improvements in crop yield will largely
depend on enhancing net photosynthesis
and energy transduction efficiency (Ains-
worth et al 2008; Parry et al 2011). Lever-
aging natural variation in photosynthetic
capacity offers an opportunity to breed gen-
otypes with enhanced carbon assimilation
(Parry et al. 2011; Faralli and Lawson
2020). Multiple studies have shown that im-
proving photosynthetic (PS) efficiency is a
promising strategy for increasing soybean
yield potential, especially in the context of
climate change (Zhu et al 2010; Long et al
2006;). Other than genetic characteristics of
the plant (genotype), photosynthesis also
depends upon the influence and constraints
of environmental parameters including
light, temperature, CO>, moisture etc.

These findings provide insights into the ge-
netic potential of photosynthetic traits for
breeding programs. Future analysis of seed
yield will further elucidate the role of these
traits in improving soybean yield, support-
ing targeted breeding efforts to enhance
crop performance under varying environ-
mental conditions.

Therefore, it is important to evalu-
ate the variation in photosynthetic perfor-
mance in natural and breeding populations
to utilize this variability to improve seed
yield in soybean (Araus et al 2016; Sakoda
et al 2016). Traditionally, different methods
have been in practice to capture photosyn-
thetic data such as via gas exchange meas-
urements, which measure CO2 assimilation
rates and stomatal characteristics of the
leaves. Another major technique involves
chlorophyll fluorescence (CF) which pro-
vides insights into photosynthetic perfor-
mance by assessing light energy capture,
distribution, and photosystem Il (PSII) effi-
ciency in both controlled and field condi-
tions. Screening diverse and elite soybean
germplasm for photosynthetic traits is criti-
cal for capturing valuable variation and elu-
cidating the genetic basis of PS efficiency
(Montez et al 2022; Ort et al 2020; Dhana-
pal et al 2016).

Non-destructive phenotyping meth-
ods are required for effective screening
breeding materials in field conditions
(Araus et al 2014; Meacham-Hensold et al
2020). Understanding the relationships be-
tween photosynthetic traits and seed yield is
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crucial for leveraging these phenotypic cor-
relations in a breeding program. The first
objective of this study was to assess and
characterize the variation in multiple PS-
traits among soybean breeding lines using a
non-destructive phenotyping tool named
‘MultispeQ’. In addition, the interrelation-
ships among various photosynthetic traits
will be identified and analyzed.

MATERIALS AND METHODS

Fifty-four soybean breeding lines (Maturity
group 1V late) from advanced yield trials
were evaluated in 2024 at Lee Farm, Por-
tageville, Missouri. The experiment was
laid out in a randomized complete block de-
sign (RCBD) in 2 replications. MultispeQ
data collection was done at full flowering
(R2-R3) stage on a clear day (between
10.00 AM and 2.00 PM) using upper can-
opy leaf (Fig.1) for different photosynthetic
traits including SPAD, Light intensity
(PAR), PSII efficiency (FvP/FmP), PSII
maximum quantum yield (Phi2), Non-pho-
tochemical quenching (NPQt), Linear elec-
tron flow (LEF), leaf thickness, leaf angle
and leaf temperature. Descriptive statistics
(Mean, SD, Min and Max) were calculated
for all traits to capture variation within
breeding lines. Analysis of variance
(ANOVA) were performed to test the sig-
nificance of differences among lines for
each photosynthetic trait. Then, Pearson
Correlation coefficients were computed to
investigate the interrelationships among
measured PS traits, providing insights how
these photosynthetic traits interact in our
advanced breeding material. The statistical
analyses were performed in R-studio soft-
ware using agricolae, ggplot and dplyr
packages (R core team 2022).

R2-R3 stage

MultispeQ V 2.0

@S’rudio

Figure 1. Experimental workflow of photo-
synthetic data collection and analysis.

RESULTS AND DISCUSSION

To investigate the variation in photosyn-
thetic performance using high throughput
non-destructive phenotyping tool Multi-
speQ 2.0, we used 54 advanced breeding
lines (MG IV). Good phenotypic variation
was observed in multiple photosynthesis re-
lated traits including FvP/FmP (0.70),
SPAD (Mean 43.3), Phi2 (mean 0.36) indi-
cating differences in relative chlorophyll
content, photochemical efficiency and
overall photosynthetic performance of the
advance breeding lines. Notably, lines with
higher Phi2 and LEF (Mean 211 p
moles/m?/sec) suggested greater energy
conversion efficiency and higher productiv-
ity potential. Variation in NPQt (mean 1.10)
highlights the differences in heat dissipa-
tion mechanisms, with some lines showing
enhanced photoprotection than others.
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Table. 1. Summary statistics for major PS-traits in elite soybean breeding lines.

TRAIT MEAN SD MIN MAX
SPAD 43.3 4.37 31.4 53.4
PAR (n moles/m?/sec) 1338 366 177 2111
FvP/FmP 0.70 0.04 0.548 0.776
Phi 2 0.36 0.062 0.229 0.546
NPQt 1.10 0.427 0.41 3.02
Leaf thickness (mm) 0.53 0.4 0.04 2.02
Leaf temp (°C) 31.2 1.08 28.2 355
LEF (u moles/m?/sec) 211 45.7 43.6 324

The variability in key photosyn-
thetic traits in advanced breeding lines is
also shown in the density plots (Fig 2). The
SPAD density plot shows quite wide distri-
bution, indicating a substantial variation
(P< 0.001) in relative chlorophyll content
across soybean breeding lines. The
FvP/FmP plot (P<0.05) displays relatively
narrower distribution, suggesting differ-
ences in the maximum quantum efficiency
of PSII photochemistry. Leaf thickness also
exhibits significant variability (P < 0.05),
with most lines clustering around thinner
leaves but some lines also have much
thicker leaves. The Phi2 plot (P < 0.05)
highlights variation in the quantum yield of
PSII, pointing to differences in light energy
conversion efficiency. These multiple den-
sity plot distributions suggested the diverse
photosynthetic efficiencies within the ad-
vance breeding lines, which can be valuable

for selecting traits linked to improved seed
yield and stress tolerance.

We also observed several interest-
ing correlations among multiple photosyn-
thetic traits measured with MultispeQ in
elite soybean breeding lines at R2-R3 stage.
The strongest positive correlations are ob-
served with LEF and light intensity-PAR i.e.
r = 0.80, indicating the increased light in-
tensity directly boosts the electron flow, en-
hancing photosynthetic performance of the
plants. Similarly, FvP/FmP is positivity
correlated with Phi2 (r = 0.47), which sug-
gests that lines with higher quantum vyield
of PSII exhibit greater PSII efficiency
downstream. Also, SPAD positively corre-
lated with FVP/FmP (r = 0.42), implying
that higher chlorophyll content may support
greater PSII efficiency.
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Figure 2. Density plots showing variability for various MultispeQ based traits.

Conversely, NPQt shows a notable
negative correlation with Phi2 (r = -0.45),
indicating that as energy dissipation
through non-photochemical quenching in-
creases, the quantum vyield of PSII de-
creases, reflecting a trade-off between en-
ergy use for photosynthesis and dissipation
to prevent photo-damage. Leaf thickness
has minimal relationships with most of the
other traits.

Interestingly, light intensity (PAR)
also shows a strong negative correlation
with NPQt (r = -0.73), showing that under
high light conditions, non-photochemical
energy dissipation is reduced. This allows
more energy to be directed towards photo-
synthesis. So, these interrelationships pro-
vide insights into how different soybean
lines respond to light conditions and regu-
late photosynthetic efficiency. This infor-
mation can further be used to correlate with

the seed yield performance to select lines
with optimal photosynthetic traits for
breeding purposes.

Conclusion

In a nutshell, substantial variations were ob-
served for multiple photosynthetic traits in
elite soybean materials (Fig.2; Table.l),
showing their genetic potential for selection
for improvement in relevant traits. Using
the MultispeQ v2.0, we successfully found
strong and significant correlations (Fig. 3)
among multiple PS traits like FvP/FmP,
NPQt, PAR and SPAD in our breeding ma-
terials. In the near future, final seed yield
will also be analyzed along with all PS-
traits to study multiple correlations, aiming
to pinpoint valuable photosynthesis related
traits for targeted breeding efforts, ulti-
mately improving soybean yield perfor-
mance.
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Figure 3. Correlation matrix for PS-traits in elite lines.
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