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Abstract: Scanning electron microscope (SEM) is an important way to study the development and morphoge—
nesis of cotton stomata. Herein, advantages and disadvantages in cotton pore observation with SEM, environ—
mental scanning electron microscope (ESEM), cryo—SEM, and print—-SEM were analyzed by comparing horizon—
tally their sampling methods, including the sample collection, preparation time and microscopy results. SEM
proved to have the longest sample preparation time, some water loss in samples, but the best image contrast.
ESEM took the shortest time to make samples, but had serious water loss in samples and poor image con—
trast. The morphology of the samples was consistent with that observed by the SEM biological sampling
method. Cryo—SEM took a long time to prepare samples, and there was no water loss in the samples, but
poor image contrast. The sample preparation time for print—SEM was short, with no water loss and a better
image contrast and the sample presented the morphology of the reverse cryo—SEM, but the charge was more
due to the tip discharge. This study revealed what kind of stomatal image data could be obtained by different
SEM sampling methods, and may provide some references for research on drought-resistant basis and appli—
cation of cotton.
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Fig.1 Simple process of sample preparation methods
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(A) Regular SEM sample observation of cotton leaves; (B) ESEM observation of cotton leaves; (C) Cryo—SEM observation of cot—

ton leaves; (D) SEM with a tearing sample preparation in observation of cotton leaves.
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Table 1 Comparison of sample preparation process

Classification Fixation method

Sample size

Sample cycle time Technical difficulty

SEM Chemical fixation 2 mmx2 mm 18 h Difficult
ESEM Without fixation 5 mmx5 mm 15 min Easy
Cryo—SEM Cryofixation 2 mmx2 mm 2h Very difficult
Print—-SEM Imprinting 5 mmx5 mm 25 min Easy
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Fig.2 The surface of cotton leaves observed by SEM
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Fig.5 The surface of cotton leaves observed by print—-SEM
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Table 2 Comparison of microscopy results

Classification Effective magnification Resolution Cell state Charge
SEM 8 000 High Slight shrinkage Low
ESEM 8 000 Medium Shrinkage High
Cryo-SEM 2 000 Low Full High
Print-SEM 8 000 High Full Medium
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Fig.6 The cotton stomatal aperture observed by different SEM methods
(A) SEM observations of stomatal aperture. The arrow shows the opening or closing status of stomata and the scale bar indicates

5 wm; (B) The aspect ratio of stomata. ™': P<0.01, compared with SEM observation group.
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Fig.7 Differences of cotton epidermal cells observed by different methods

(A) Epidermal cells observed by SEM with conventional scanning electroscope sampling method; (B) Epidermal cells observed by
ESEM; (C) Epidermal cells observed by cryo—SEM; (D) Epidermal cells observed by print—SEM; (E) The overlap of epidermal
cells observed by normal SEM and ESEM; (F) The overlap of epidermal cells observed by cryo—SEM and print-SEM.
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