

[image: image1]
Longitudinal section cell morphology of Chinese fir roots and the relationship between root structure and function









 


	
	
TYPE Original Research
PUBLISHED 07 February 2023
DOI 10.3389/fevo.2023.1122860






Longitudinal section cell morphology of Chinese fir roots and the relationship between root structure and function

Linxin Li1,2, Ting Zhang1,2, Jingquan Lin3, Xiaoqian Lian1,2, Xianhua Zou2, Xiangqing Ma1,2 and Pengfei Wu1,2*


1College of Forestry, Fujian Agriculture and Forestry University, Fuzhou, China

2Chinese Fir Engineering Technology Research Center of the State Forestry and Grassland Administration, Fujian Agriculture and Forestry University, Fuzhou, Fujian, China

3Fujian Shanghang Baisha Forestry Farm, Shanghang, Fujian, China

[image: image2]

OPEN ACCESS

EDITED BY
 Wen Xing Long, Hainan University, China

REVIEWED BY
 Aitezaz Ali Asad Shahani, Yanbian University, China
 Ammarah Shabbir, Institute of Biochemistry and Biophysics (PAN), Poland
 Bamisope Steve Bamisile, South China Agricultural University, China

*CORRESPONDENCE
 Pengfei Wu, ✉ fjwupengfei@126.com 

SPECIALTY SECTION
 This article was submitted to Conservation and Restoration Ecology, a section of the journal Frontiers in Ecology and Evolution

RECEIVED 13 December 2022
 ACCEPTED 17 January 2023
 PUBLISHED 07 February 2023

CITATION
 Li L, Zhang T, Lin J, Lian X, Zou X, Ma X and Wu P (2023) Longitudinal section cell morphology of Chinese fir roots and the relationship between root structure and function. Front. Ecol. Evol. 11:1122860. doi: 10.3389/fevo.2023.1122860

COPYRIGHT
 © 2023 Li, Zhang, Lin, Lian, Zou, Ma and Wu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

Introduction: The longitudinal section cell morphology of Chinese fir roots was studied to better understand the relationship between root structure and root function.

Materials: In this study, the adjusted microwave paraffin section method and the selected two sample transparency methods were used to process the Chinese fir roots and combined with the laser scanning confocal microscopy (LSCM) technique, the morphology of Chinese fir roots longitudinal section can be clearly observed in a short time. At the same time, the observation effect of the longitudinal section cell morphology of the LSCM image of the thick section of the Chinese fir roots and the ordinary optical imaging of the thin section was analyzed and compared.

Results and Discussion: The results showed that: (1) There were apparent differences in the observation effect of cell morphology in longitudinal sections of Chinese fir roots obtained using various treatment methods. Under LSCM, the section with a thickness of 20 μm generated by the microwave paraffin section technique displayed complete cell morphology and clear structure in the root cap, meristem zone, and elongation zone. The overall imaging effect was good; the thickness was 0.42–1.01, 0.64–1.57, and 0.95–2.71 mm, respectively. The cell arrangement in maturation zone cells was more regular. (2) Compared to the ordinary optical imaging of thin sections, the thick sections of roots made by the microwave paraffin section method shortened the time to obtain high-quality sections to ensure the observation effect. Therefore, adopting the microwave paraffin cutting approach to produce thicker root sections under LSCM allows for rapid observation of the cell morphology in longitudinal sections of Chinese fir roots. The current study provides the efficient operation procedure for the microscopic observation technology of the longitudinal section of Chinese fir roots, which is not only beneficial to reveal the relationship between the root structure and function from the microscopic point of view but also provides a technical reference for the anatomical study of other organs and the observation of the longitudinal section cell morphology of plant roots with similar structural characteristics.
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1. Introduction

Roots are critical functional organs for plants to uptake, transport, and store soil moisture and nutrients. It can respond to the combined effects of genetic characteristics and external environmental factors by regulating or changing its structural characteristics and morphological plasticity (Cabrera et al., 2022). The root cell morphology is the direct reflection of its development level. Its morphological structure can induce the tropism of root growth and extension and play an essential role in the growth and development of new roots (Hayashi et al., 2013). In addition, microstructural changes such as the thickening of the endodermis cell wall and suberification of the radial wall in the maturation zone of roots had significant effects on the selection of nutrients absorbed by roots (Scacchi et al., 2010; Yao et al., 2020).

At present, free-hand and paraffin sections are the widely used methods to observe the root anatomical structure. The hand-cut cross-section method is simple to operate, does not require fixation, dehydration, paraffin-immersion, and embedding, and is not treated with chemical reagents, which can significantly maintain the natural color and shape of the cells. However, when it is used to make the anatomical structure of longitudinal sections of the root system, the thickness is not well controlled, and the incision level cannot be guaranteed. This can easily damage the cell tissue structure (Wu et al., 2018). On the other hand, the paraffin section method uses paraffin to support cell tissue and turn it into a clear sheet, making it easy to observe changes in cell morphological characteristics (Mrak et al., 2021). However, there are often different degrees of bending in the development of longitudinal sections of the anatomical structure of the root system, particularly the root system of trees. The paraffin section technique makes it difficult to maintain cell alignment in longitudinal sections, leading to incomplete cell tissue structure (Wang et al., 2019). Additionally, the production procedure for this method is time-consuming, and the chemical reagents utilized in the sample processing and dyeing process can be dangerous to human health.

Researchers have optimized and improved every aspect of the paraffin section process, from selecting sectioning tools to the reagents used. Currently, the microwave paraffin section method, which uses microwave radiation heating to make polar molecules move at high speed to increase cell permeability and solvent molecule penetration, has become an effective method to shorten the pre-treatment time of paraffin section samples (Schichnes et al., 2001). The leaf anatomical structures of Setaria italica (Zhang et al., 2015), Arabidopsis thaliana (Inada and Wildermuth, 2005) and other plants produced by this method observed clear cell structures. Although the microwave paraffin section method can significantly shorten the pre-treatment time of samples, the later dyeing procedure is the same as the traditional paraffin section method. This process is cumbersome and has a low yield of excellent sections (Inada and Wildermuth, 2005; Wei et al., 2011).

The laser scanning confocal microscope (LSCM) is widely used in plant cytology, development, and histochemistry studies. It is based on fluorescence microscope imaging with a laser scanning device connected to a computer and related application software (Hasegawa, 2006; Wang et al., 2021). It has been used to observe the cell morphology of the roots’ longitudinal section of plants such as Pisum sativum (Ropitaux et al., 2019) and Camellia sinensis (Sun et al., 2020). This provides a solution for optimizing the microwave paraffin section dyeing process. However, when the roots samples’ thickness and hardness are more, light is challenging to penetrate the inside of the roots.

Consequently, the cell image on the computer will not be clear, the internal organizational structure will be blurred, and the complete cell morphology cannot be fully displayed. Due to lignin deposition, unequal hardness of each section of the tissue, and a high degree of lignification, it is not easy to detect a strong enough fluorescence signal inside the root system, particularly in trees (Barros-Rios et al., 2015). This has made it extremely difficult to clearly observe tree root cell morphology clearly. To meet the observation requirements under the LSCM, it is essential to appropriately transparent the tree root samples or to reduce their thickness.

Chinese fir [Cunninghamia lanceolata (Lamb) Hook] is an important timber tree species in southern China. Its roots have the characteristics of high lignification, large and uneven hardness in various parts. This study aimed to establish a method for precise and clearer observation of microscopic cell morphology in the longitudinal section of Chinese fir roots in a short time. This method is of great significance for improving the production efficiency of the longitudinal section anatomical structure of Chinese fir root samples and further understanding its growth characteristics. We hypothesized that the observed effect of Chinese fir root samples obtained by different treatment methods would differ. And compared to the transparent treatment of Chinese fir root samples directly, the effect of making root slices under the microscope would be more apparent and complete.



2. Materials and methods


2.1. Plant materials, experimental reagents, and apparatus

The plant seedlings of Chinese fir were from the 1-year-old No. 25 clone cultivated by the Chinese Fir Engineering Technology Research Center of the State Forestry and Grassland Administration. Late in July 2021, 60 young Chinese fir roots 5–7 cm long, well-grown, and free of pests and diseases were randomly selected and stored in formalin-acetic acid-absolute ethyl alcohol (FAA) for later use (Figure 1).
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FIGURE 1
 (A) Whole plant phenotype and (B) root materials of Chinese fir seedling.


Experimental reagents include FAA (Formalin: Acetic acid: 70% Absolute ethanol = 1:1:18, v/v/v), PBS (0.1 mol·L−1 Phosphate Buffer Solution, pH = 7.2), PI (0.05 mg·L−1 Propidium Iodide, 0.1 mol·L−1 PBS was prepared), Safranine O-Fast green, TBA (Tert butyl alcohol), Benzyl benzoate, Benzyl alcohol, Xylene, Chloroform, and Absolute ethanol. Experimental apparatus includes (1) ultra-high resolution and sensitivity laser confocal microscope (Carl Zeiss LSM 880, Oberkochen, Germany), (2) upright biological microscope (Nikon ECLIPSE E100, Tokyo, Japan), (3) full automatic rotary microtome (Leica RM 2265, Hessian, Germany), (4) Microwave [Galanz P70F23P-G5 (S0), Foshan, China], and (5) Diaphragm vacuum pump (Yuhua YH-500, Gongyi, China).



2.2. Methods for treatment of Chinese fir roots sample

The methods used in treating Chinese fir root samples are shown in Table 1, and the process flow chart is shown in Figure 2. The Chinese fir root samples were cut into 0.5 ± 0.1 cm long segments with a sharp blade and placed in a 10 ml centrifuge tube filled with FAA. Complete six segments for each method following the steps, ① fixed: centrifugal tubes containing Chinese fir root samples and FAA placed in a vacuum pump, vacuumized three times (pressure than 0.08 MPa), 10 min at a time, each time with a new fixative, after vacuuming, the fixative was replaced again and kept at room temperature for 12 h to fully fixation the material; ② dehydrated: After the fixation was completed, the fixative was sucked out, and gradient dehydration was performed according to the alcohol concentration of 70, 80, 90, 95, and 100%. Each gradient was treated for 45–60 min, and transparent treatment was performed after dehydration. Due to the different hardness and thickness of different plant tissue materials, the selection of transparent reagents and the duration needed for treatment had to be adjusted. This study made different transparent treatment schemes for Chinese fir root samples based on their lignification, hardness, and thickness. These schemes were based on traditional transparent treatment methods (Table 1, methods A, B, C, and D) to filter out the transparent treatment methods suitable for Chinese fir root samples. The dyeing was done following the transparency technique.



TABLE 1 The processing method of root system samples of Chinese fir seedlings.
[image: Table1]
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FIGURE 2
 Flow chart of root system samples treatment of Chinese fir seedlings.


Method E treats Chinese fir root samples by microwave paraffin section after adjustment. The root samples were put in a centrifuge tube with FAA and pumped with a vacuum pump for 20 min. The fixative was then placed in a beaker with distilled water, set in a microwave, and set to heat preservation when the water temperature reached 70°C. The root samples were then placed in FAA and microwaved 3–4 times, each for 15 min. For dehydration, root samples were placed in 60% absolute ethanol, left at room temperature for 10 min, then placed in a mixture of absolute ethanol and TBA (1:1, v/v) and microwaved for 15 min. For transparency, root samples were placed in pure TBA and treated twice using a microwave for 15 min at each trial. For paraffin immersion, the root samples were placed in TBA: paraffin (1: 1, v/v) and microwaved once for 15 min. Following that, the new pure paraffin was replaced. The microwave treatment was repeated four times, each time for 15 min, to ensure that the paraffin was well absorbed in the root samples. The entire microwave treatment process maintained the water temperature at 70°C. Finally, it was embedded in paraffin. The rotary microtome was used in sections with different thicknesses (10 m, 20 m) to compare the imaging effect of thick sections under LSCM and conventional thin sections under an ordinary optical microscope. After sectioning, the paraffin tape was wrapped, dewaxed, and rehydrated (Table 2). Finally, the dyeing treatment was applied to the material.



TABLE 2 Dewaxing and rehydration process.
[image: Table2]



2.3. Dyeing treatment

The dyeing procedures for PI and the other three conventional reagents (Safranine O-Fast green, Toluidine blue, and Hematoxylin) are shown in Table 3. In this study, the PI fluorescent dye was utilized for staining by the characteristics of the fluorescence signal of the tissue sample received by the LSCM. The prepared root samples and sections (20 μm) were placed in PI for staining at room temperature in the dark. The remaining PI was washed away by rinsing them thoroughly in PBS. Safranine O-fast green was used to dye the thickness sections (10 m) simultaneously.



TABLE 3 Comparison of PI dyeing and conventional dyeing.
[image: Table3]



2.4. Observation and photography

The stained root samples and sections (20 μm) were observed and photographed by LSCM. The excitation light wavelength was 561 nm. Chinese fir root samples were scanned layer by layer at a thickness of 4 m until the entire root sample was scanned. Simultaneously, the ScopeImage 9.0 (Nanjing, China) software was used to measure the cell morphological parameters of the functional areas (root cap, meristem zone, and elongation zone) of the longitudinal section of the Chinese fir root. The thickness sections (10 μm) were observed and photographed using an upright biological microscope.




3. Results


3.1. Observed effect of LSCM

The conventional transparent treatment methods are difficult to apply to the root tissue samples of Chinese fir. In this experiment, the transparent treatment scheme of Chinese fir root tissue samples was screened according to the characteristics of tree roots. The results showed that the transparency effect of method A (Table 1) was poor when the transparent treatment time was only 180 min. This was because tissue samples were not utterly transparent because of the short transparent treatment time. Longer treatment times with absolute ethanol and xylene and chloroform combined displacement (methods C and D in Table 1) resulted in severe hardening of Chinese fir root tissue and even shrinkage deformation. Finally, the root samples of Chinese fir treated with Method A (Treatment time 240 min) and Method B transparent treatment, which had better maintenance of original root morphology, were subjected to PI dyeing (Table 1).

The test samples were treated with the above two transparent methods A (Treatment time 240 min) and B. The results significantly differed when the LSCM was used (Figure 3). When the fixation and dehydrated steps were the same, after treatment with benzyl benzoate and benzyl alcohol as transparent reagents (Table 1, Method A, Treatment time 240 min), the fluorescence brightness of the root surface edge of Chinese fir was more potent than that of the root middle area. Still, no clear cell morphology was observed (Figures 3a1,a4). As the number of scanning layers increased by 3–5 layers, the apical and non-apical portions moved closer to the root center area, and the fluorescence intensity darkening range gradually increased (Figures 3a1–a7). Still, the clear cell morphology of the root’s longitudinal section was not observed, indicating that the transparency of Chinese fir root samples failed to meet the observation requirements of LSCM.

[image: Figure 3]

FIGURE 3
 Longitudinal section cell morphology of Chinese fir roots under laser scanning confocal microscopy (LSCM) technique. a1–a7, b1–b7, c1–c5: Bar = 500 μm. a1–a3 and b1–b3: non-apical portion, a4–a7 and b4–b7 apical portion, a–n: middle root zone, c1–c3: longitudinal section anatomical structure of Chinese fir roots in microwave paraffin sections method, c4,c5: Vertical and bending longitudinal section anatomical structure of Chinese fir roots in microwave paraffin sections method (×10). RC, root cap; MZ, meristem zone; EZ, elongation zone; c3 and above the elongation zone is the maturation zone, the red arrow represents the upper boundary of the root cap, the blue arrow represents the upper boundary of the dividing zone, and the yellow arrow represents the upper boundary of the elongation zone.


When absolute ethanol and xylene were used as transparent reagents (Table 1, Method B), it was observed that under the same excitation light source conditions, compared with the apical portion surface, the longitudinal rectangular cell morphology in the edge area of the non-apical portion surface was clearly visible. Still, the complete and clear cell morphology was not observed in the middle area (Figures 3b1,b4). Similarly, when 3–5 layers increased the number of scanning layers, the fluorescence intensity of both the apical and non-apical portions gradually decreased, and the darkening range gradually increased (Figures 3b1–b7). This indicates that the Chinese fir root samples treated with this transparent reagent could not achieve the transparency observed under the LSCM.

Compared with the above two transparent processing methods, the anatomical structure made by the adjusted microwave paraffin section method (Table 1, Method E) can show the clear cell morphology of the longitudinal section of the Chinese fir roots under the LSCM (Figures 3c1–c5). The root’s functional areas, such as the root cap, meristem zone, elongation zone, and maturation zone, were clearly distinguishable. The size of the root cap cells was conical, the overall shape was irregular, and the arrangement was loose. The thickness of this functional area was 0.42–1.01 mm. A dome-shaped boundary distinguishes the root cap and meristem zone. The thickness of the meristem was 0.64–1.57 mm. The elongation zone moved to the maturation zone, the larger the individual cells were in rapid elongation, and the longitudinal size gradually increased (Figures 3c1,c2). This functional zone was between 0.95 and 2.71 mm thick. The maturation zone was above the elongation zone. The cells in the maturation zone were regular rectangles; the individual cells were alike and can be seen in the epidermal and cortical structures of the tissue (Figures 3c3). In summary, this method can more clearly observe the cell morphology of the longitudinal section of Chinese fir roots than the transparent treatment of the sample.



3.2. Comparison of LSCM image and ordinary optical microscopy image

There are differences in the imaging effect of different thickness sections made by the microwave paraffin section method (Figure 4). The sections (10 μm thick) were better observed under an upright biological microscope. The cell morphology of the root cap, meristem zone, elongation zone, and maturation zone was identified (Figures 4d1,d2). The sections (20 μm thick) had intact morphology and high identification of apical and non-apical portion cells under LSCM (Figures 4e1,e2), and the functional areas of cells were clearly visible. As a result, clear cell morphology can be observed by LSCM and ordinary optical microscope for the longitudinal anatomical structure of Chinese fir roots with section thicknesses of 20 and 10 μm, respectively, in terms of imaging effect.

[image: Figure 4]

FIGURE 4
 Morphological imaging effect of Chinese fir roots longitudinal section cells with different slice thickness. d1,d2, e1,e2: Bar = 500 μm, d1,e1: apical portion, d2,e2: non-apical portion, d1,d2: upright biological microscope, e1,e2: LSCM (×10). RC, root cap; MZ, meristem zone; EZ, elongation zone; d2,e2 respectively is the maturation zone, the red arrow represents the upper boundary of the root cap, the blue arrow represents the upper boundary of the dividing zone, and the yellow arrow represents the upper boundary of the elongation zone.




3.3. Comparison of treatment methods of Chinese fir roots sample

Significant differences exist in the processing time and operation steps of the cell morphology observation of different Chinese fir root’s longitudinal sections (Table 4). The two transparent treatment procedures (Table 4, Methods A and B) go through four processes in 20 ~ 22 h for the same fixation and dehydration steps. Combined with the reagent treatment method of root samples in Table 1, it can be seen that Method A (Treatment time 240 min) has a less specific operation process than method B, however, the observation effect of method B is more ideal (Table 4). When the root samples were treated with the microwave paraffin section method (Table 4, Method E), the number of procedures was increased to 9. The complete and clear cell morphology of the longitudinal section of Chinese fir roots was observed in the anatomical structures of different thickness sections. However, under the same observation effect, the production of roots anatomical structure with a thickness of 20 μm combined with LSCM has fewer steps. It takes the least time, only 4–5 h, significantly improving production efficiency.



TABLE 4 Comparison of the observation preparation methods and effects of longitudinal section cell morphology of Chinese fir roots.
[image: Table4]




4. Discussion

The radial thickening growth stage of tree roots accumulates a considerable amount of lignin, and the degree of lignification is becoming increasingly evident; its cell wall is more solid than crop roots. The conventional paraffin section method requires the plant tissue to be softened for an extended period to resolve the sample’s high density, hardness, and lignin content. However, the long-term softening treatment can easily cause the tissue to become brittle, and the cells appear empty or broken after sectioning (Moreno-Sanz et al., 2020). On the other hand, microwave paraffin sectioning can drastically reduce sample processing time. However, different plant organs perform different functions in the environment, the degree of lignification varies, and the penetration rate and effect of extracellular solution vary. For example, under low-temperature stress, the content of soluble phenols in wheat (Triticum aestivum L.) roots decreased while the content of lignin increased, and the opposite trend was observed in leaf organs (Olenichenko and Zagoskina, 2005). Due to this, the microwave paraffin section method’s final observation results were somewhat highly unclear. To achieve this, LSCM can directly monitor the samples with fluorescent labelling and sufficient transparency without a prolonged softening treatment, considerably reducing the risk of sample damage.

In the current study, Chinese fir root samples were made transparent using benzyl benzoate and benzyl alcohol, absolute ethanol and xylene, absolute ethanol, and chloroform as transparent reagents for different amounts of time. Methods A (Treatment time 240 min) and B did not show root hardening and deformation after treatment. However, under the LSCM, as the number of scanning layers increased, the root fluorescence signal intensity gradually decreased, and the internal cell morphology could not be clearly shown. This may be due to the natural growth and development of the roots of Chinese fir after the completion of primary growth. The oxidative polymerization of lignin monomers in the secondary xylem forms lignin and deposits on the cell wall. The lignification degree of most fine roots was also very high, and it gets firmer as it moves from the meristem zone to the root axis (Barros-Rios et al., 2015; Song et al., 2019). Even though the clear reagent could get through some of the surface cell tissue, it could not get through the more woody cells inside the root system. Finally, the Chinese fir’s root system wasn’t transparent enough, which led to pigment absorption and light scattering by cytoplasmic components. The LSCM did not detect a strong enough fluorescence signal throughout the observation; hence a clear cell structure was not observed (Donaldson et al., 2001). It can be seen that the directly transparent treatment of Chinese fir roots with high lignification and hardness makes it difficult to clealry observe root cell morphology under the LSCM. The types of transparent reagents and treatment time can be further explored.

Our study used the microwave paraffin section method to process tissue samples quickly and the laser scanning confocal microscope to scan and analyze samples point by point and layer by layer. As a result of extensive experimentation, a production method was devised that provided clear observation of cell morphology in a longitudinal section of the root system of the Chinese fir. Under a laser scanning confocal microscope, the sections produced with this technique generate clear and structurally complete images of cell morphology. This study used sections with a thickness of about 20 μm. The laser scanning confocal microscope was used to observe the optical “sections.” To a certain extent, this study avoids the problem of aligning the longitudinal sections of partially curved roots after making them. This can effectively replace the mechanical sections and clearly observe the complete cell morphology of the longitudinal sections of Chinese fir roots.

Moreover, the anatomical structure of Chinese fir roots with a 10 μm thick section provided an excellent optical microscopic imaging effect and a complete structure. Clear structures of different functional areas of Chinese fir roots were observed under a microscope. However, it is easy to cause tissue material damage and force the original cell morphology to change by moving back and forth often when using this method to make sections (Barbosa et al., 2010). The serious lignification of Chinese fir roots greatly affected the light penetration and had a certain effect on the good color of the late dyeing solution (Barros-Rios et al., 2015). Furthermore, the dyeing process for safranine O-fast green dyeing solution and other conventional dyeing reagents requires multiple replacement solutions and moving sections, which can easily lead to tissue material shedding. An increase in xylene treatment steps on the final observation effect also has a certain impact. As a result, while creating the anatomical structure of the Chinese fir root system, utilizing a thicker slice and PI staining combined with the characteristics of LSCM can considerably reduce the possible damage of conventional paraffin sections during the sectioning and dyeing process. This method can ensure the observation effect and significantly shorten the production time. Moreover, conventional paraffin sectioning frequently uses safranine O-fast green, toluidine blue, and hematoxylin sections. However, these procedures are laborious and often include the use of chemical reagents, particularly xylene odor stimulation, a suspected carcinogen that is volatile. As a result, the integrity of the cell structure can easily be damaged (Premalatha et al., 2013).

As an ethidium bromide analogue, PI emits red fluorescence after being incorporated into double-stranded DNA. Depending on the excitation light source, it can dye both living and dead cells simultaneously. It is a regularly used cell fluorescent dye. It is frequently employed in the observation and study of the life activities of plant tissues and organs, such as herbaceous plant root hairs and pollen tubes. It can cause the observed samples to have strong fluorescence properties (Rounds et al., 2011; Kirchhoff and Cypionka, 2017). In this study, Chinese fir root samples were dyed with PI. Compared to the conventional paraffin section dyeing method, the process was reduced to four steps and only 16 min of processing time. The use of toxic chemical reagents was effectively reduced and decreased the harmful effect on the operators. The results also indicated that PI could be used as a good fluorescent dye in the morphological observation of Chinese fir root cells. Also, the PI dyeing process does not require the slice to be moved back and forth many times, which reduces the risk of tissue material shedding to some degree. At the same time, the combination of absolute ethanol and TBA was used as a dehydrating agent in the process of dehydrating root samples by microwave paraffin sectioning. TBA is a widely used dehydrating agent. It has a clear effect and does not make it easy to shrink or harden cell tissue (Baskin et al., 2014). After the treatment, the paraffin-immersion treatment can be performed directly. The process not only reduces the need for organic reagents but also makes the final tissue sample clearer.

Although Chinese fir roots have high lignification and large hardness compared with herbs such as rice (Oryza sativa L.) and A. thaliana, it is not conducive to observing their cell morphology clearly and completely using a single microwave paraffin section method or LSCM. However, combining the two technical characteristics can comprehensively observe the cell morphology in large quantities of Chinese fir roots in a short time. Plant cell research increasingly focuses on three-dimensional structure analysis of plant organs based on optical sections using LSCM three-dimensional reconstruction technology. For example, Hasegawa et al. (2016) used 200 optical sections to construct the three-dimensional structure of A. thaliana flowers and stems. Buda et al. (2016) reconstructed the cuticle of tomato (Solanum lycopersicum cv. M82) fruit using LSCM based on sequential optical sections and performed three-dimensional modeling. However, these techniques are rarely used in studying root growth and development of Chinese fir. The method described in the current study can be used to obtain root slices quickly. It is expected to reconstruct the three-dimensional configuration of the Chinese fir root in space using laser confocal technology to image its cell morphological structure as a whole, allowing for an in-depth study of the interaction between functional areas-environment or structure–function of Chinese fir roots.

In addition, LSCM technology is widely used in the study of plant life activities due to its improvement and perfection in the observation of ion (including Ca2+, pH) changes in plant cells, organelles, and the cytoskeleton, as well as the process of plant growth and development and a particular protein signal transduction pathway (Pozhvanov, 2018). For example, Wang et al. (2016) used LSCM to find that the NO regulates the signal network, including Ca2+, reactive oxygen species, and pH, during pollen tube development of C. sinensis under low-temperature stress. Therefore, compared to other microscopes, the benefits of LSCM in the research of microscopic plant graphics show its vast application potential in investigating the development mechanism of trees’ underground roots. LSCM can be used to learn more about the biology of tree roots. For example, specific fluorescent probes can be used to label root-related hormones that are released when the tree is under stress. LSCM on a computer screen shows clearly how the hormone moves through the root (Li et al., 2016). When combined with related gene technology, the vital mechanism of tree roots’ resistance to stress was also shown.



5. Conclusion

The microwave paraffin section method combined with LSCM can achieve clear observation of the cell morphology of the longitudinal section of Chinese fir roots in a short period of time. The anatomical structure of the longitudinal section of Chinese fir roots with a thickness of 20 μm was made by fixation, dehydration, transparency, and paraffin immersion. After PI dyeing, the tissue structure’s complete and clear cell morphology was observed under an LSCM. To ensure the quality of observation, the production time and staining steps were significantly shortened and reduced. This method can also provide some technical reference for the observation and study of cell morphology of other tree roots longitudinal sections. Still, there are differences in hardness, water content, and maturity of different plants and parts of the same plant. Moreover, the time of microwave treatment needs to be adjusted accordingly to make the tissue complete and not deformed to meet the needs of scientific experiments.
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