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What they do in the shadows: A low-cost imaging
system for recording leaf expansion and movements
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Plants use sunlight to produce energy through photosynthesis.
Leaves adjust their position throughout the day to harvest the
optimal amount of sunlight and avoid photodamage. Leaf
movements are controlled by changes in growth rates of differ-
ent parts of the leaf: lamina, petiole, or both. Additionally,
the petiole can bend either upward (hyponasty) or downward
(epinasty) by changing the elongation rate between the abaxial
and adaxial leaf sides (Kiipers et al. 2023).

Hyponasty is a part of the shade avoidance syndrome
(SAS), observed when plants compete for sunlight in dense
vegetation (Casal 2013). Green leaves absorb most of the
red light (R) while transmitting and reflecting most far-red
light (FR). Thus, based on the F:FR ratio, plants can detect
their neighbors. In the open sunny field, plants sense a high
R:FR ratio (Pantazopoulou et al. 2017). The high amount of
R light triggers phytochrome B protein (phyB) relocalization
to nucleus. In nucleus, phyB suppresses phytochrome inter-
acting factors (PIF) 4, 5, and 7, which are required for the hy-
ponastic response (Pantazopoulou et al. 2017). In dense
canopies, low R:FR ratio (more FR light) keeps phyB out of
the nucleus, allowing PIFs to promote leaf elongation.
However, the exact relationship between FR light intensity
and leaf movement is still being studied.

To better understand the interplay between light percep-
tion and molecular regulation of leaf movement, we need to
closely monitor how different parts of the leaf move. Several
imaging systems are already available for studying leaf move-
ment. For instance, one such system captures leaf movement
using RGB time-lapse imaging (Rehman et al. 2020). The RGB
imaging system depends on white light that affects photo-
receptor activity, thus making it tricky to perform night-time
imaging. Another consideration is where the cameras are

placed. To distinguish petiole and lamina movements, it is
necessary to acquire pictures from the side instead of from
above, which can be achieved with 3D laser scanner—based
leaf angle imaging methods (Michaud et al. 2017). However,
these methods can be expensive and require specialized soft-
ware. In this issue of Plant Physiology, Lisa Oskam and collea-
gues (Oskam et al. 2024) present a new, low-cost imaging
system with an open-source image analysis pipeline.

In the system presented by Oskam and colleagues (Oskam
et al. 2024), each camera captures 2 plants from a side view.
These cameras are controlled by Raspberry Pi minicompu-
ters, which store the images before transferring them to a
separate desktop computer for analysis. The analysis of the
captured pictures is facilitated by the open-source scripts
written by Oskam and colleagues (Oskam et al. 2024). First,
the pictures are cropped to separate the images of 2 individ-
ual plants. Then, the user selects 3 key orientation points on
the first image: the leaf tip, the junction between the petiole
and the lamina, and the rosette center. The latter point is also
marked on the last captured picture. These selected points
are then applied by the script to all subsequent images.
Based on the points coordinates, the script employs triangu-
lation between the meristem, petiole-lamina junction, and
leaf tip to calculate the length and angles for the petiole, lam-
ina, leaf, and junction (Fig. 1).

To evaluate the efficacy of their system, Oskam and colleagues
(Oskam et al. 2024) performed a series of experiments to explore
the relationship between FR light intensity and the magnitude of
leaf movement. Their investigation focused particularly on eluci-
dating potential differences between the movements of petiole
and lamina. Initially, the authors subjected plants to either stand-
ard white light (WL) conditions or WL supplemented with
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Figure 1. A visual representation of measurements conducted by the
lamina tip. Adapted from (Oskam et al. 2024), Figure 2.

consistent, whole-plant FR light (FRw). They observed that under
WL conditions, both petioles and laminas move in a diurnal pat-
tern, which is consistent with previous findings (Michaud et al.
2017; Woodley of Menie et al. 2019). This observation confirmed
that the new system operates effectively without disrupting
photoreceptor activity. However, the high temporal resolution
of their novel system, which captures images every single minute,
led to a new discovery. Oskam and colleagues (Oskam et al. 2024)
found that FRw exposure specifically promoted petiole elong-
ation while leaving lamina length unaffected.

In a subsequent experiment, the authors investigated the
effects of increasing levels of FRw light intensity. Their find-
ings not only validated the correlation between petiole
elongation and FR intensity (Bongers et al. 2018) but also re-
vealed a pattern: the correlation occurs only after several
hours of the FR treatment. Initially, the petiole elongation re-
sponses were similar under different FR intensities, but after
8 h, petiole elongation was significantly higher under the
higher FR intensities. This observation suggests that molecu-
lar regulatory mechanisms controlling early and late re-
sponses to FR light are distinct.

The authors proceeded to test the sensitivity of their sys-
tem by performing experiments with pif7, pifépif5, and
pif4pifSpif7 mutant lines, which were previously characterized
for their reduced hyponasty responses (Michaud et al. 2017;
Pantazopoulou et al. 2017). Notably, Oskam and colleagues
(Oskam et al. 2024) revealed that pif/ mutant initially re-
sponded to FRw similarly to wild type but lost the hyponasty
at the end of the night. Furthermore, all 3 mutants exhibited
a different regulation of hyponasty between the petiole and
the lamina. This suggests that the junction between the lamina
and the petiole may serve as an additional point of leaf posi-
tioning, with a yet unraveled molecular regulation.

The imaging system presented by Oskam and colleagues
(Oskam et al. 2024) represents a great low-cost alternative,
which can be easily implemented in many laboratories.
With its improved spatial and temporal resolution, this

Kunkowska

Leaf length

Projected lamina length
and tip height

script, based on key orientation points: the rosette center, the petiole, and

system harbors the potential to shed light on molecular me-
chanisms controlling leaf elongation and movement. In the
future, it would be interesting to explore the possible adap-
tations of this system for larger plant species such as crops
like maze. The shift of energy resources from reproductive
to vegetative growth, as observed during SAS, can potential-
ly diminish crop yield. Better understanding and recording
of all plant movements can help unravel the full molecular
network involved in the plant movement kinetics. This, in
turn, can contribute to increasing crop productivity.
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