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Abstract

Hematoxylin staining is an early indicator of Aluminium
(Al) toxicity effects on the apices of young, developing
roots and has also been used as a precocious, non-
destructive way of studying Al-sensitivity in plant species.
Al(H2O)6

3+ which is known as Al 3+ is dominant in acid soil
below pH 5.0 and is the most toxic form. Presence of Al in
the rhizosphere of rice in acid soil restricts root growth and
significantly reduces the crop productivity . In this present
study , 40 rice genotypes were screened for Al-toxicity
tolerance based on the hematoxylin staining of root apex
of rice seedlings. The genotypes were classified into
tolerant, moderately tolerant and susceptible. Based on
staining intensity the genotypes IET 22838, Gobindabhog,
Kalabhog, Khasha, Badshahbhog, Radhunipagal,
Mohanbhog, Pusa Basmati-1, UBKVR-18, UBKVR-16,
UBKVR-6 were found tolerant against Al-toxicity in the
nutrient solution at 30 ppm.
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Acid soils are base-unsaturated. The extent of base-
unsaturation within pH range 5.0-6.0 generally varies
from 16% to 67%. The active H+ and Al3+ are bound to
the clay. The Al(OH)2+ is of minor significance and
exists over a narrow pH range. The Al3+ is predominant
below pH 5.0, Al(OH)2+ between pH 4.7 and 6.5, Al(OH)3

between 6.5 and 8.0 and Al(OH)4
– above pH 8.0. Acid

soils are phytotoxic as a result of nutritional disorders,
deficiencies, or unavailability of essential nutrients
such as calcium, magnesium, molybdenum, and
phosphorus, and toxicity of aluminum (Al),
manganese, and hydrogen activity [1, 2] The solubility

of soil compounds and, therefore, nutrient availability
to plants is related to soil pH. In India, the acid soils
are found in the Himalayan region, the eastern and
north-eastern plains, peninsular India and the coastal
plains under different agro-climatic situations. The soils
occupy about 90 million hectares, constituting over
one fourth of total geographical area of the country
(NBSSLUP, Nagpur, India).

Plant genetic resources are a rich source of
valuable traits that could be used to improve crop
species. Species have genotypic differences in growth
response to aluminum toxicity [3]. Yamamoto et al.
[4], and Ishikawa and Wagatsuma [5] found that some
ecotypes can be more tolerant to Al than others.
Selection and breeding of Al resistant genotypes are
important for increasing grain yield in acidic soil. The
available screening methods for assessing Al tolerance
in crops are based on the inhibition of root elongation
in hydroponic culture and visual detection of Al
tolerance levels by staining of seedlings root with
hematoxylin. Laboratory and greenhouse based
techniques to screen for Al tolerance are widely used
because they are quick, highly accurate, non-
destructive, and can be applied at early developmental
plant stages. Considering the importance of the
cultivation of tolerant genotypes of rice in acid soil to
increase yield, an attempt was made to screen rice
genotypes against Al toxicity at seedling stage using
hematoxylin staining.

The grains of each genotype were surface
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sterilized by dipping the seeds in 2% (w/v) Bavistin
solution for 10 minutes. Treated seeds were rinsed
with autoclaved distilled water and incubated on
autoclave-sterilized tissue paper for germination. The
roots of seedlings grown for seven days, in the
presence or absence of Al, were gently shaken in 200
ml distilled water for 15 minutes. The water was then
replaced by 200 ml of aqueous hematoxylin solution
[0.2% hematoxylin (Merck) and 0.02% potassium
iodide, w/v] and left at the same slow agitation for 20
minutes. Finally, the solution was replaced again by
200 ml water, thereby repeating the first step. The
root apices were excised and observed under a
stereomicroscope to evaluate their staining pattern.
Four root tips were examined for each treatment and
photographed using digital camera.

Scoring was done based on the intensity of
hematoxylin staining. Four seedlings per genotype per
replication were scored arbitrarily with some
modification of scoring of Cancado et al. [6] and Singh
et al. [7]. Singh et al. [7] used 0 to 3 and Cancado et
al. [6] used 0 to 5 scale as scoring system. Whereas,
we have used 0 to scale as 4 scoring system. The ‘no
staining’ and ‘partial staining’ seedlings were classified
as tolerant, the ‘moderate staining’, seedlings as
moderately tolerant, and those deeply stained as
sensitive (Table 1). The average score of the four
referees was considered for analysis.

The experimental plan used was complete
randomized blocks with 40 treatments (genotypes) per
replication and two replications, in a total of 80
experimental units; each unit consisted of three
seedlings. Statistical analyses of data were conducted
with average values, using Al concentration and
cultivar as variables. The data were subjected to
standard statistical methods of analysis of variance
(ANOVA) using AgRes Statistical Software, (c) 1994
Pascal Intl Software Solutions, Version 3.01 and
significant differences were compared by LSD.

Hematoxylin staining is an early indicator of Al

toxicity effects on the apices of young, developing
roots grown in nutrient solution. This method also
suggests the existence of different Al resistance
mechanisms in rice, since the two resistant cultivars
behaved differently. In the absence of Al, root tips
remained unstained. In contrast, after a treatment with
Al, a staining pattern consisting of three groups: (i)
partial staining, (ii) an Moderate staining and (iii) deep
staining.

A simple visual inspection of stained root apices
from contrasting phenotypes revealed that hematoxylin
was sufficient to discriminate between Al tolerant and
Al sensitive genotypes. Hematoxylin staining showed
significant variations across the genotypes (Table 2).
Staining intensity showed almost similar trend across
the Al concentrations in the nutrient solution for
corresponding rice genotype (Table 3). The susceptible
genotypes showed deep blue staining of root
accompanied with short, thicker and abnormal root
growth. The roots of the susceptible cultivars are also
brittle in nature. These results corroborate with the
findings of Roy and Mandal [8] and van Sint et al. [9].
The sensitive genotypes showed an intense blue color
in the roots coupled with a severe epidermal
degradation that extended from the elongation zone
up to the root tip. This pattern of injury was in clear
agreement with previous observations in pea-root
apices [10]. Symptoms of Al injury appeared first on
the root. The roots in the susceptible genotypes were
short, thick, wrinkled, stubby and with zigzag bending
along the length. This is in agreement with the reports
of Singh et al. [7] in pea.

The optimal Al concentration for screening
genotypes depends on the plant species being
evaluated. However, optimum Al concentration also
depends on the purpose of screening. If it is a part of
an on going breeding program and the aim is simply to

Table 1. Average score based on hematoxylin staining

Staining Average score Class

No staining 0.00 Tolerant

Partial staining > 0 to 1.75 Tolerant

Moderate staining > 1.75 to 2.75 Moderately
tolerant

Deep staining > 2.75 to 4.0 Susceptible

Table 2. ANOVA of seedling characters for Hematoxylin
staining

Source/ d.f. Al concentrations
treatment

30 ppm 60 ppm 90 ppm

Total 79 1.053 1.044 1.048

Replication 1 0.078 0.153 0.094

Treatments 39 2.118** 2.091** 2.098**

Error 39 0.014 0.020 0.022

**Denotes significance P = 0.01, respectively
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Table 3. Hematoxylin staining based on score mean

S.No. Genotypes 30 ppm** 60 ppm** 90 ppm**

Score Staining Score Staining Score Staining

1. Annada 3.38 k Deep 3.75 jk Deep 4.00 k Deep

2. Satabdi 3.88 m Deep 4.00 k Deep 4.00 k Deep

3. MTU 1010 3.13 ij Deep 3.00 fg Deep 3.25 fgh Deep

4. MTU 1075 3.00 hi Deep 3.00 fg Deep 3.13 efg Deep

5. Parijat 1.88 d Moderate 2.00 cd Moderate 2.13 b Deep

6. Gontr-Bidhan-1 3.00 hi Deep 3.13 h Deep 3.38 hi Deep

7. MTU 7029 3.25 jk Deep 3.38 i Deep 3.50 hi Deep

8. IR 64 3.63 l Deep 3.88 jk Deep 4.00 k Deep

9. IET 5656 3.00 hi Deep 3.25 gh Deep 3.38 ghi Deep

10. Pratikha 3.88 m Deep 3.88 jk Deep 3.88 jk Deep

11. Aiswarya 3.25 jk Deep 3.38 hi Deep 3.50 hi Deep

12. Masuri 3.13 ij Deep 3.25 gh Deep 3.25 fgh Deep

13. Krishna Hamsa 2.63 g Moderate 2.75 ef Moderate 2.88 cde Deep

14. IR58025B 3.25 jk Deep 3.38 hi Deep 3.50 hi Deep

15. IET 21255 3.00 hi Deep 3.00 fg Deep 3.13 ef Deep

16. Heera-2 3.88 m Deep 4.00 k Deep 4.00 k Deep

17. BRI-dhan-29 4.00 m Deep 4.00 k Deep 4.00 k Deep

18. IET 22838 1.13 ab Partial 1.25 ab Partial 1.38 a Partial

19. Gobindabhog 1.00 a Partial 1.13 ab Partial 1.25 a Partial

20. Kalabhog 1.00 a Partial 1.13 ab Partial 1.13 a Partial

21. Khasha 1.13 ab Partial 1.13 ab Partial 1.25 a Partial

22. Badshahbhog 1.00 a Partial 1.13 ab Partial 1.13 a Partial

23. Radhunipagal 1.25 b Partial 1.38 b Partial 1.38 a Partial

24. Kalajeera 2.88 h Deep 3.00 fg Deep 3.13 ef Deep

25. Mohanbhog 1.63 c Partial 1.75 c Partial 1.88 b Moderate

26. Chinikamani 2.63 g Moderate 2.75 ef Moderate 2.88 cde Deep

27. Pusa Basmati-1 1.00 a Partial 1.00 a Partial 1.13 a Partial

28. UBKVR-11 2.13 e Moderate 2.13 d Deep 2.13 b Moderate

29. UBKVR-15 3.00 hi Deep 3.00 fg Deep 3.00 def Deep

30. UBKVR-18 1.13 ab Partial 1.13 ab Partial 1.13 a Partial

31. UBKVR-19 2.38 f Deep 2.50 e Moderate 2.63 c Moderate

32. UBKVR-16 1.00 a Partial 1.13 ab Partial 1.13 a Partial

33. UBKVR-4 4.00 m Deep 4.00 k Deep 4.00 k Deep

34. UBKVR-8 4.00 m Deep 3.88 jk Deep 3.88 jk Deep

35. UBKVR-3 3.63 l Deep 3.63 ij Deep 3.63 ij Deep

36. UBKVR-9 3.00 hi Deep 3.00 fg Deep 3.00 def Deep

37. UBKVR-1 3.88 m Deep 3.88 jk Deep 3.88 jk Deep

38. UBKVR-6 1.50 bc Partial 2.50 e Moderate 2.75 cd Moderate

39. KMR-3 3.25 jk Deep 3.25 gh Deep 3.38 ghi Deep

40. IVT4007-B 3.00 hi Deep 3.13 gh Deep 3.25 fgh Deep

Range 1.00-4.00 1.00-4.00 1.13-4.00

Mean 2.66 2.74 2.83

**: values bearing same letter in the column are not significantly different at P = 0.01 of LSD
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identify the most Al tolerant plants, higher Al
concentrations can be applied. However, if the purpose
is to quantitatively characterize the Al tolerance of
genotypes, a lower Al concentration has to be applied
to better separate the germplasm.

In this present endeavour, 30 ppm of Al in
nutrient solution has been considered for classification
of the genotypes into three classes, namely tolerant,
moderately tolerant and susceptible. A single visual
inspection of stained root apices from contrasting
phenotypes revealed that hematoxylin was sufficient
to discriminate between Al tolerant and Al susceptible
genotypes. Based on staining the genotypes were
classified into three groups: (i) tolerant (no staining or
partial staining), (ii) moderately tolerant to Al toxicity
(moderate staining) and (iii) susceptible (dark staining)
(Table 4). Tolerant genotypes are IET 22838,
Gobindabhog, Kalabhog, Khasha, Badshahbhog,
Radhunipagal, Mohanbhog, Pusa Basmati-1, UBKVR-
18, UBKVR-16 and UBKVR-6. Moderately tolerant
genotypes are Parijat, Krishna Hamsa, Kalajeera,
Chinakamani, UBKVR-11 and UBKVR-19. Remaining
23 genotypes were susceptible to higher
concentrations of Al.

Hematoxylin, a dye commonly used in
cytogenetic studies, has also been used as a
precocious, non-destructive way of studying Al
sensitivity in plant species [10-13], including maize
[14]. Wenzl et al. [15] also used hematoxylin staining
to screen Brachiaria grass genotypes for Al toxicity
tolerance ability.

Hematoxylin staining has been widely used for
direct visualization and localization of Al in root tissues
[12]. It is a useful approach for macroscopically
detecting Al accumulation in root tips by the formation
of an intense blue coloration in the root tips of sensitive
genotypes. This reaction occurs by the oxidation (in

the presence of NaIO3) of hematoxylin to hematyn,
which in the presence of Al produces nucleic acid
coloration.

Hematoxylin staining is an early indicator of Al
toxicity effects on the apices of young, developing roots
grown in nutrient solution. Al-toxicity tolerance is
largely expressed by the exclusion of Al from roots or
its binding, thereby avoiding absorption and toxification.
This dye has the property of turning blue when it forms
a complex with Al so that the penetration and retention
of this ion in the roots can be assessed [13]. Therefore,
the color intensity of stained root apices grown in
nutrient solution can be a direct and quantitative
measure of Al sensitivity [16] because susceptible
genotypes tend to accumulate higher amounts of Al in
their root tissues [11]. An important aspect of this
technique is that the reaction between hematoxylin
and Al is specific, such that other stressing factors
would exert a minimal effect, if any, on the evaluation
processes of the Al effects. This technique proved
conducive in identifying tolerant and sensitive
genotypes after a very short exposure time of seedlings
to Al, well before differences in the seminal root length
become detectable.

In this present endeavour it may be concluded
that the hematoxylin staining is a rapid and non-
destructive method for screening of large number of
rice genotypes against Al-toxicity. Our results, taken
together with other previous data [6, 7], clearly indicated
that this dye infact able to distinguish, early in root
development, Al-tolerant rice genotypes from Al-
sensitive ones. The tolerant genotypes as classified
based on hematoxylin staining may be directly
introduced in Al-toxic soil for crop cultivation or those
tolerant genotypes may be used as donor in breeding
programmes  for  development  of  Al-toxicity  tolerant
rice.

Table 4. Classification of 40 rice genotypes based on staining score

Scoring Classes Genotypes
value

< 1.75 Tolerant IET 22838, Gobindabhog, Kalabhog, Khasha, Badshhabhog, Radhunipagal,
Mohanbhog, Pusa Basmati-1, UBKVR-18, UBKVR-16, UBKVR-6

1.75-2.75 Moderately tolerant Parijat, Krishna Hamsa, Kalajeera, Chinakamani, UBKVR-11, UBKVR-19

> 2.75 Susceptible Annadan, Satabdi, IR64, MUT 1010, MTU 1075, MTU 7029, Gotra-Bidhan-1,IET 5656,
Pratikha, Aiswarya, Masuri, IR58025B, IVT4007-B,  IET 21255, Heera-2, BRI-dhan-29,
UBKVR-1, UBKVR-3, UBKVR-4, UBKVR-8, UBKVR-9, UBKVR-15 and KMR-3
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