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Abstract: The iodine-bromine (I.-Br2) staining method is accurate and efficient for revealing the
microstructure of laticifer. However, the main component of [.-Br. staining agent, bromine (Brz),
has strong pungent odor and highly corrosive. It is classified as a precursor to toxic chemicals and
a hazardous chemical, subject to strict control, which greatly limits the application of the I>-Br:
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staining method. To seek a similar but safer staining reagent, this study used sodium bromide
(NaBr) and hydrogen bromide (HBr) to replace Brz, to prepare different staining agents for
staining the bark and petioles of rubber tree shoots. Light microscopy was used to observe the
cross-sections of the bark and petioles to screen for the best staining agent formula. The results
were as follows: (1) NaBr could replace Br: to prepare staining agents for laticifer, and the
staining effect of 0.5 mol-L"! NaBr + 0.2 mol-L-!' L. in acetic acid solution was better. Moreover,
using diluted glacial acetic acid as the solvent could make NaBr dissolve more thoroughly and
improve the staining effect. (2) HBr could also replace Brz to prepare staining agents for laticifer,
and a lower concentration of HBr could stain laticifer. The best staining agent formula was 6.25
mmol-L! HBr + 0.2 mol-L"!' I. in acetic acid solution. The results indicated that the safer and
more economical NaBr and HBr could be used to replace Br. to prepare staining agents for the
study of the morphology and structure of laticifer in rubber tree. The new staining reagents
provided in this paper can provide technical support for the study of laticifer in rubber-producing
plants.

Key words : Hevea brasiliensis, laticifer, optical microscopy technique, sodium bromide,
hydrogen bromide
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Table 1 Summary of staining formule and staining effects

) ] et Fime 7 i ROR #E
Group = Staining formule Temperature Effect Note
No. ©C)

e 1 25mmol-L"! Br+0.2 mol-L! L +/K Z.i& 65 -+ K1, B3, K4
Positive 25 mmol-L! Br,+0.2 mol-L"! I, + acetic acid Fig. 1, Fig. 3, Fig. 4
control 2 25mmol-L"! Br,+0.2 mol-L! L +/K L& 30 ++ Kl 3: a. b

25 mmol-L"! Br,+0.2 mol-L I, + acetic acid Fig.3: a,b
3 3 mol-L! NaBr + 0.2 mol'L! L, +#/K & 65 . —
3 mol'L"! NaBr + 0.2 mol-L"! L, + acetic acid None
4  2mol'L! NaBr + 0.2 mol-L! I, +UK i 65 . —
2 mol'L! NaBr + 0.2 mol-L! I + acetic acid None
5 1mol'L" NaBr + 0.2 mol-L"! L. +/K Z.F& 65 -+ Kl2: A\ B
1 mol'L-! NaBr + 0.2 mol-L! I, + acetic acid Fig.2: A,B
6  0.5mol'L"' NaBr + 0.2 mol-L"! . +/K Z.1& 65 4 Kl2: C. D
—H 0.5 mol'L"! NaBr + 0.2 mol-L"! I + acetic acid Fig.2: C,D
Groupone 7 3 mol-L! NaBr + 0.2 mol-L" I + 80%Z. /& 65 ¥ —
3 mol'L"! NaBr + 0.2 mol-L! I, + 80% acetic acid None
8 2 mol-L! NaBr + 0.2 mol-L"! I + 80%Z & 65 -+t Kl2: E. F
2 mol-L! NaBr + 0.2 mol'L! I + 80% acetic acid Fig.2: E,F
9  1mol-'L"! NaBr+ 0.2 mol-L"! L + 80% £ 65 ++++  KEl2: G\ H
1 mol-L! NaBr + 0.2 mol-L! I + 80% acetic acid Fig.2: G,H
10 0.5 mol'L" NaBr+ 0.2 mol-L"! I, + 80% £ 65 =
0.5 mol'L! NaBr + 0.2 mol-L! I + 80% acetic acid
11 1 mol-L! NaBr +0.4 mol-L"' KI +/K Z,[i& 65 - —
1 mol-L! NaBr +0.4 mol-L! KI + acetic acid
12 1 mol-L"! NaBr +0.2 mol-L"' KI +/K Z,[i& 65 - —
1 mol-L! NaBr +0.2 mol-L! KI +acetic acid
13 1 mol-L"! NaBr +0.1 mol-L"' KI +/K Z,i& 65 - —
1 mol-L! NaBr +0.1 mol-L! KI + acetic acid
14 1 mol'L"' NaBr + 0.4 mol-L"! KI +/K 65 - —
o 1 mol-L"! NaBr + 0.4 mol-L! KI + water
Group two 15 1 mol-L! NaBr + 0.2 mol-L! KI+/K 65 - —
1 mol-L! NaBr + 0.2 mol-L! KI + water
16 1 mol-L"' NaBr + 0.1 mol-L"! KI +7K 65 - —
1 mol-L! NaBr + 0.1 mol-L! KI + water
17 0 mol-L"! NaBr + 0.4 mol-L"' KI + 0.2 mol-L" I +/K Z. & 65 + —
0 mol'L! NaBr + 0.4 mol-L! KI + 0.2 mol'L"! I, + acetic
acid
18 0.5 mol-L"! NaBr + 0.4 mol-L"! KI + 0.2 mol-L"' I, +{K Z. 65 ++ —

E&’;
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0.5 mol-L! NaBr + 0.4 mol-L"! KI + 0.2 mol'L"! I + acetic
acid

1 mol-L"! NaBr + 0.4 mol-L' KI + 0.2 mol-L! I, +/K L&
1 mol-L! NaBr + 0.4 mol-L! KI + 0.2 mol'L"! I + acetic
acid

25 mmol-L"!' HBr + 0.4 mol-L"' KI + 0.2 mol-L' I, +/K &
E&’i

25 mmol-L"! HBr + 0.4 mol-L! KI + 0.2 mol-L! I, + acetic
acid

0 mol-L"! NaBr + 0.2 mol-L! . +/K Z.1&

0 mol'L! NaBr + 0.2 mol-L! b + acetic acid

0.5 mol-L"' NaBr + 0.2 mol-L! I. +/K Z.1&

0.5 mol'L! NaBr + 0.2 mol'L! I, + acetic acid

1 mol-L"! NaBr + 0.2 mol-L! L. +/K Z. &

1 mol-L! NaBr + 0.2 mol-L! I + acetic acid

0 mol-L"! NaBr + 0.2 mol-L! . +/K Z.1&

0 mol'L"! NaBr + 0.2 mol-L! b + acetic acid

0.5 mol-L"' NaBr + 0.2 mol-L! I. +/K Z.1&

0.5 mol'L! NaBr + 0.2 mol'L! I + acetic acid

1 mol-L"! NaBr + 0.2 mol-L" L. +/K 2.2

1 mol-L! NaBr + 0.2 mol-L! I + acetic acid

1 mol-L"! NaBr + 0.4 mol-L-" KI + 0.05 mol-L"! L, +7K

1 mol-L! NaBr + 0.4 mol-L"! KI + 0.05 mol-L"! I, + water
1 mol-L"! NaBr + 0.4 mol-L" KI + 0.1 mol-L" I, +7K

1 mol-L! NaBr + 0.4 mol-L! KI + 0.1 mol-L"! I, + water

1 mol-L"! NaBr + 0.4 mol-L" KI + 0.2 mol-L" I, +7K

1 mol-L! NaBr + 0.4 mol-L! KI + 0 .2 mol-L"! I+ water
1 mol-L"! NaBr + 0.4 mol-L-" KI + 0.05 mol-L"! L, +7K

1 mol-L! NaBr + 0.4 mol-L"! KI + 0.05 mol-L"! I, + water
1 mol-L"! NaBr + 0.4 mol-L" KI + 0.1 mol-L" I, +7K

1 mol-L! NaBr + 0.4 mol-L! KI + 0.1 mol-L! I, + water

1 mol-L"! NaBr + 0.4 mol-L" KI + 0.2 mol-L" I, +7K

1 mol-L! NaBr + 0.4 mol-L! KI + 0.2 mol-L"! I, + water
6.25 mmol-L"' HBr + 0.2 mol-L! I +/K Z.F&

6.25 mmol-L! HBr + 0.2 mol'L"! I, + acetic acid

12.5 mmol-L"! HBr + 0.2 mol-L! I +/K 2.2

12.5 mmol-L-! HBr + 0.2 mol'L"! I, + acetic acid

18.75 mmol-L"' HBr + 0.2 mol-L! L. +/K Z. &

18.75 mmol-L"! HBr + 0.2 mol'L"! I, + acetic acid

25 mmol-L"! HBr + 0.2 mol-L™! L. +/K Z,i&

25 mmol-L! HBr + 0.2 mol-L™! I + acetic acid

1.0 mol-L"! HBr + 0.2 mol-L™! L. +/K .2

1.0 mol'L! HBr + 0.2 mol-L™! I, + acetic acid

25 mmol-L"' HBr + 0.2 mol-L! I +7K
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Fl3: E. F
Fig.3: E,F
K3 G.H
Fig. 3G, H
B3 1)
Fig.3: 1,J
BE3: e f
Fig.3: e, f
El3: gv h
Fig.3: g,h
B30 i j
Fig. 3: i,j

Kl4: C. D
Fig. 4: C,D
Fl4: E. F
Fig. 4: E,F
Kl4: G. H
Fig. 4: G, H
Ka4: 1. J

Fig. 4: 1,

Kl 4: K. L
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o R 41
Control

42

43

25 mmol-L! HBr + 0.2 mol-L™! I, + water
0.2 mol-'L! I +H/K Z. /&

0.2 mol'L! I, + acetic acid

0.4 mol-L! KI +/K Z&

0.4 mol-L! KI+ acetic acid

25 mmol-L! Br. +/K Z,i2

25 mmol-L! Brz + acetic acid

1 mol-L"! NaBr +/K 2.2

1 mol-L"! NaBr + acetic acid

25 mmol-L'! HBr +/K .2

25 mmol-L-! HBr + acetic acid

65

65

65

65

65

o+

Fig. 4: K,L
K4: M. N
Fig. 4: M, N
Kl4: O. P
Fig. 4: O,P
Kl4: Q. R
Fig. 4: Q,R
El4: S\ T
Fig.4: S, T

T ERREAER, -FRAEARARGEE, +EB ORI A G RO T

Note: None shows no result, - shows that laticifers were not stained, and + to +++++ show that the staining effects

of laticifers are better and best.
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LLEH SN R U P A, SRRSOV BIR AT R S E M. Ca. JEHUZ; CO. KJZ; EP. %
B GT. SR Ph. WIEH: Pi #f; PPF. VIZEWIRCLT4E; R.OAEL: St ffid; Ve B Xy A
o

A,B. Cross-sections of the bark in the EU1 of rubber tree shoots; C,D. Cross-sections of the petiole in rubber tree
shoots. White dashed boxes indicate enlarged areas, red arrows indicate the brownish-brown laticifer cells, yellow
arrows indicate vessel cells contaminated with latex. Ca. Cambium; CO. Cortex; EP. Epidermis; GT. Ground
tissue; Ph. Phloem; Pi. Pith; PPF. Primary phloem fibers; R. Rays; St. Sieve tubes; Ve. Vessels; Xy. Xylem.

B 1 L-Br B (5 W B 26 B AT AR BB O

Fig. 1 Cross-sections of the bark and petiole dyed with I-Br: staining in rubber tree shoots
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Red arrows indicate the brownish-brown laticifer cells, yellow arrows indicate vessel cells contaminated with
latex.
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Fig. 2 Cross-sections of the bark and petiole dyed with NaBr+I; staining in rubber tree shoots
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Fig. 3 Cross-sections of the bark and petiole dyed at different temperature in rubber tree
shoots
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Fig. 4 Cross-sections of the bark and petiole dyed with HBr and single component of stains in

rubber tree shoots
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