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Abstract
Banana is an important fruit in China. Banana production played important
role in economic development in tropical region. Banana production in China
was always cut because of lodging caused by typhoon. Getting new cultivars
with high resistance to lodging is the basic resolution to resolve this problem.
Screening and identifying the germ plasm resource is the first step to breed new
cultivars. Banana plant height was high. A single banana plant needs large area.
It is difficult to screen the germ plasm resource by identifying the physical
strength of banana pseudostem. This research focused on studying the relationship between pseudostem and plant height, pseudostem diameter, acid soluble lignin, acid insoluble lignin, total lignin, pore numbers of pseudostem
cross section, and the expression of 4-coumarate:CoA ligase (4CL). Results
showed that the plant with high physical strength in seedling stage always has
high physical strength in mature stage. The physical strength of banana seedling
pseudostem was closely related to pseudostem diameter and total lignin. Pseudostem diameter and total lignin can be used to predict the physical strength of
mature banana pseudostem. Work on identifying and screening the physical
strength of banana germ plasm pseudostem can be reduced by measuring seedling pseudostem diameter and total lignin in pseudostem of banana germplasm.
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1. Introduction
Banana is an important fruit with large production in world [1]. It has the largest
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trade volume among the fruits. Banana is also an important crop in many developing countries [2]. It is the main crop for about four hundred million
people. United Nations ranked banana as the fourth crop following rice, wheat
and maize [3]. Culturing banana not only can help developing countries cope
with food crisis, it can also improve the status of the countries in world.
China is a country with high production of banana [4]. Chinese bananas were
planted mainly in Guangdong, Hainan, Guangxi, Fujian, Yunnan and Taiwan
[5]. These provinces belonged to monsoon climate area. Typhoon always passed
through these provinces. Chinese banana production has always been heavily affected by typhoon [6]. Cultivating new banana cultivars with high physical
strength to lodging is the basic resolution to resolve this problem [5]. Identifying
and screening the germplam resource is the first step to cultivate new cultivars.
Mature banana plant has high height and the single plant needs large space. On
average, an acre space can only accommodate 780 to 1080 banana plants. Getting
a valuable single plant always needs to screen thousands of plants. Cultivating
new cultivars with high strength by screen mature banana plants needs much
hard work. If the physical strength of pseudostem of mature banana can be predicted in seedling stage, much labor and work can be saved. The breeding time
can also be reduced.
Plant’s lodging-resistance was controlled by many genes [7] [8]. Plant’s lodging-resistance was closely related with plant height [9]-[15]. Many crops’ lodging
resistances were improved by selecting dwarf mutants [9]-[15]. Some researchers
found that plants’ lodging-resistances were positively correlated with stem’s diameter [16]. After a wheat double haploid line was gotten by hybridizing the line
CA9613 and H1488, the physical strength of the stem and the characters of the
basic stem were measured at milk stage [17]. Six QTLs are responsible for physical strength of stem, thickness of stem wall, pore diameter and stem diameter
were found in 1A, 2D, 3A, and 3B [17]. This suggested that the physical strength
may have relationship with pore numbers. The physical strength of the plant
stem was finally determined by the carbohydrates in the stem [18]. Plant stem
was made mainly of lignin and cellulose [18]. Cellulose was essentially a soft net
structure. The physical strength of plant stem was mainly determined by lignin
content [19] [20]. A little decrease of lignin content in stem can cause the remarkable decline in physical strength of plant stem [21]. A little increase of lignin content in stem may cause the physical strength of plant stem rise significantly [18]. Plant’s lignin-synthesis was also controlled by many genes. Among
these genes, 4-coumarate:CoA ligase (4CL) genes located at the entrance to the
pathway of lignin synthesis [5]. The expression of 4CL was closely correlated
with plant’s lodging-resistance [22] [23] [24] [25] [26].
This research was mainly focused on studying the relationship between pseudostem and plant height, pseudostem diameter, acid soluble lignin, acid insoluble lignin, total lignin, pore numbers of pseudostem cross section, and the expression of 4-coumarate:CoA ligase (4CL). Characters closely related to physical
strength of pseudostem were to be found.
DOI: 10.4236/abb.2018.94011
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2. Materials and Methods
2.1. Materials
Eight banana cultivars were used in this research, they are Apple (ABB, N/A,
Hawaii, Dessert), Fenjiao ABB, Saba, China, Dessert), Baxijiao (AAA, Cavendish, Australia, Dessert), Musa balbisiana (balbisiana, N/A, China, N/A), Musa

acuminate (acuminata, Burmannica, Myanmar, N/A), King (AA, Inarnibal,
Philippines, Dessert), Hongxiangjiao (AAA, Red, China, Dessert), and Yunnandajiao (AAB, N/A, China, Dessert), respectively. Tissue culture seedlings were
planted in pots containing potting soil for two months. Pseudostem physical
strength, seedling plant height, pseudostem diameter, acid soluble lignin, acid
insoluble lignin, total lignin, pore numbers of pseudostem cross section, and the
expression of 4-coumarate:CoA ligase (4CL) were measured. For every cultivar,
20 plants were cultured in land. Before male fluorescence appeared, the physical
strength of the mature stage and the plant height of mature stage were measured.

2.2. Relative-Quantitative Polymerase Chain Reaction
(RQRT-PCR)
Banana strains were cultured in bottle using tissue culture for one month. And
then, the seedlings were transferred to pots containing potting soil and cultured
for two months. The first-strand cDNA samples were synthesized using 200 ng
total RNA from all pseudostems of banana seedlings, respectively. RQRT-PCR
was done for Mu4CL15 using the specific primers P1
(5’-ATGGAGTCATACTCGATGCCGGAG-3’) and
P2(5’-TCAAGCGGATGGAAACTGGCTTC-3’). PCR reaction was carried out
for 30 cycles (94˚C 30 s, 63˚C 60 s, 72˚C 90 s). As a control, RT-PCR was performed using two primers (P5: 5’-CCTGCTCTCTACATTTACAT-3’ and P6:
5’-CCTTCATCGCCTTCATCACC-3’) specific for the wheat tublin geneMutubulin. PCR was performed for 30 cycles (94˚C 30 s, 50˚C 60 s, 72˚C 120 s). PCR
results were analyzed using 1.0% agarose gel electrophoresis. For every reaction,
four repetitions were performed.

2.3. Measurement of Pseudostem Physical Strength
Physical strength of banana pseudostem was measured according to the published [1] [6]. After banana seedlings were grown in pots, stem physical strength
apparatus (YYD-IA, Top Apparatus, Beijing, China) was put in the middle of
banana seedling pseudostem vertically. Push the apparatus until the angle between the pseudostem and the ground reach to 45 degree. The datum on the
screen shown was the pseudostem physical strength measured. For mature banana plant, portable electronic scale was used. The steelyard hook was fixed in
the upper pseudostem. The scale was pulled until the angle between the pseudostem and the ground was 45 degree. The datum shown in the screen (D1) was
transformed into the final data (D2) according to the following formula, D2 =
DOI: 10.4236/abb.2018.94011
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D1*9.8. For every treatment, six plants were measured and the average value was
used.

2.4. Determination of Acid Soluble Lignin (ASL) and Acid
Insoluble Lignin (AIL)
Acid soluble lignin (ASL) and acid insoluble lignin (AIL) in banana pseudostem
were mainly according to the published paper [27]. Middle part of the pseudostem was collected as sample. The samples were freeze-dried and then, they were
ground into fine powder using liquid nitrogen. 3.00 + 0.01 g sample were put in
Soxhelt’s and treated with ethanol for 24 hours. After the powder was air-dried,
it was put in test tube. 3 ml of 72% sulphuric acid was added and vortexed for
one minute. The tubes were put in 30˚C water bath for one hour, votex every
five minutes. 84 ml of distilled water was added and the sulphuric acid was adijusted to 4%. The test tubes were put in 121˚C for 1 hour and then, the mixture
was filtered using filter paper. The filtrate was collected and A320 nm was measured, using 4% sulphuric acid as control. ASL(%) = A320 nm × 86.73 × n/(30 ×
W) × 100%. N was the dilution factor. W was the dry weight of the sample. 30
represented the extinction coefficient. Pot was kept in 575˚C + 25˚C in muffle
furnace for 6 hours. The sample was cooled to room temperature and weighed.
The value was named as W1. The filter paper was dried in 105˚C for 6 hours.
And then, it was cooled to room temperature and weighed. The value was
named as W2. A single filter paper was dried in 105˚C for 6 hours. It was cooled
to room temperature and weighed. The value was named as W3. 50 ml of distilled water was used to wash the residue. Filter paper and residue were both put
in pot and dried in 105˚C for 4 hours. They were cooled and weighed. The value
was named as W4. And then, the pot containing filter paper and residue was put
in muffle furnace in 575˚C + 25˚C for 24 hours. They were cooled to room temperature and weighed. The value was named as W5.
AIL = (W4 − W5 − W3 × W2/W1)/W × 100%. For every treatment, four repetitions were performed and the average value was used.

3. Results and Discussion
3.1. The Physical Strength of Pseudostem Has No Relationship
with Plant Height
Lodging always happened to crops before harvest [28] [29] [30] [31]. The grain
production and quality often decreased heavily because of lodging [32] [33] [34].
The weakness of stem or buttress root, insect, or pathogen all can lead crops to
fall down [35]. Too much fertilization can make crops lodge too [36] [37]. The
lodging of crops was closely related with plant height. The plant was higher, the
center of gravity of the plant was higher and the lodging happened easier. Dwarf
breeding always the important work for breeders on wheat, maize and rice
[9]-[15]. However, after the physical strength of banana seedling pseudostem
and plant height of eight banana cultivars were analyzed, it was found that the
DOI: 10.4236/abb.2018.94011
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relationship between the physical strength of seedling pseudostem and plant
height was not significant (Table 1). For example, after Apple banana seedlings
were cultured in pot for two months, the plant height was 27 cm. the physical
strength of pseudostem was 8.6 N. The corresponding values of Baxijiao were 30
cm and 8.9 N. The corresponding values of Fenjiao were 33 cm and 8.7 N. The
seedling of Fenjiao was higher than Apple banana. The physical strength of Fenjiao was also stronger than that of Apple banana. The seedling of Fenjiao was
higher than Baxijiao. However, the physical strength of Fenjiao was less than
that of Baxijiao. These demonstrated that the physical strength of banana seedlings has necessary connection with plant height. Plant height cannot be selected
as a target for screening new cultivars with high resistance to lodging.

3.2. The Pseudostem Diameter Can Be Used as an Indicator for
Screening New Cultivars with High Resistance to Lodging
After the pseudostem diameters of the seedlings were measured, it was found
that Yunnandajiao has the largest pseudostem diameter. The second was Hongxiangjiao. And then, Baxijiao, Fenjiao, Apple, King, Musa balbisiana, Musa acu-

minate, from the largest to the least (Table 2). This order was completely consistent with that of the physical strength of seedling pseudostem (Table 1).
These results indicated that if the banana cultivar has large pseudostem diameter, it has high possibility to have strong physical strength of pseudostem. The
physical strength of seedling pseudostem has close relationship with pseudostem
diameter. Using seedling pseudostem diameter as target to screen banana
germplam resource, it has high possibility to get new cultivar with strong resistance to lodging. Ishimaru et al. (2008) also found that the determined factor for
rice lodging resistance was the resistance strength of the basic stem, not the plant
height [38]. Mulder (1954) also found that the lodging resistance of plant was
mainly determined by the weight of the plant upper part and the resistance
strength of the basic part [39].
Table 1. Seedling plant height (SPH), seedling plant physical strength (SPPH) and mature
plant physical strength (MPPS).

DOI: 10.4236/abb.2018.94011

Strains

MPPS(N)

SPPS(N)

SPH(cm)

Apple

1337 ± 51

8.6 ± 0.1

27 ± 1

Fenjiao

1433 ± 50

8.7 ± 0.1

33 ± 1

Baxijiao

1568 ± 78

8.9 ± 0.1

30 ± 1

Musa acuminate

1056 ± 32

8.2 ± 0.1

26 ± 1

Musa balbisiana

1123 ± 20

8.3 ± 0.1

27 ± 2

King

1250 ± 27

8.5 ± 0.1

28 ± 1

Hongxiangjiao

1891 ± 98

9.2 ± 0.2

34 ± 2

Yunnandajiao

2165 ± 101

9.7 ± 0.2

35 ± 3
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Table 2. Seedling pseudostem diameter and pore number of seedling pseudostem cross
section.
Strains

Seedling pseudostem
diameter (cm)

Seedling pseudostem cross
section pore number

Apple

0.9 ± 0.1

36 ± 5

Fenjiao

1.1 ± 0.1

45 ± 8

Baxijiao

1.2 ± 0.1

45 ± 12

Musa acuminate

0.7 ± 0.1

37 ± 4

Musa balbisiana

0.7 ± 0.1

38 ± 7

King

0.8 ± 0.1

40 ± 4

Hongxiangjiao

1.8 ± 0.1

42 ± 6

Yunnandajiao

2.0 ± 0.2

53 ± 11

3.3. The Relationship between Pore Number and Physical
Strength of Seedling Pseudostem Was Not Significant
Results showed that the pore numbers of the seedling pseudostem has no relationship with the physical strength of the pseudostem. For example, the pseudostem of Baxijiao was stronger than that of Musa balbisiana. The pseudostem
cross section of Baxijiao also has more pore number than that of Musa balbisiana. At the same time, the pseudostem of Baxijiao was weaker than that of Hongxiangjiao. The pseudostem cross section of Baxijiao still has more pore number
than that of Hongxiangjiao. These showed that the relationship between the pore
number of pseudostem cross section and the physical strength of seedling pseudostem was not significant. The pore number of pseudostem cross section cannot be used as a target to screen new banana cultivars with high resistance to
lodging.

3.4. The Physical Strength of Pseudostem Increased with Lignin
Content
As shown in Table 1 and Table 3, the pseudostem of Yunnandajiao and Baxijiao
have the most ASL. The value was 2.5%. The ASL values of the pseudostem of
Hongxiangjiao, King and Fenjiao were very similar. The ASL value of Musa bal-

bisiana was the least. The relationship between ASL and physical strength of
pseudostem was not significant (Table 1, Table 3). The order of the AIL of
pseudostem of the banana seedlings was Yunnandajiao, Hongxiangjiao, Baxijiao,
Fenjiao, King, Musa acuminate, Musa balbisiana, Apple, from the most to the
least (Table 3). The physical strength of pseudostem has no remarkable relationship with AIL (Table 1, Table 3). The order of the total lignin content in
different banana cultivars was Yunandajiao, Hongxaingjiao, Baxijiao, Fenjiao,

Musa acuminate, King, Musa balbisiana, Apple (Table 3). This order was completely consistent with that of the physical strength of pseudostem (Table 1, Table 3). These demonstrated that although neither ASL nor AIL can be used as
basis to predict the physical strength of pseudostem of the banana germplasm,
DOI: 10.4236/abb.2018.94011
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Table 3. Acid soluble lignin (ASL), acid insoluble lignin (AIL) and total lignin (TL) in
seedling pseudostem.
Strains

ASL(%)

AIL(%)

TL(%)

Apple

1.7 ± 0.1

9.0 ± 0.1

10.7 ± 0.1

Fenjiao

2.0 ± 0.1

11.2 ± 0.1

13.2 ± 0.1

Baxijiao

2.5 ± 0.1

11.8 ± 0.1

14.3 ± 0.1

Musa acuminate

1.7 ± 0.1

11.0 ± 0.1

12.7 ± 0.1

Musa balbisiana

1.5 ± 0.1

9.6 ± 0.1

11.1 ± 0.1

King

2.0 ± 0.1

10.5 ± 0.1

12.5 ± 0.1

Hongxiangjiao

2.0 ± 0.2

13.2 ± 0.2

15.2 ± 0.2

Yunnandajiao

2.5 ± 0.3

13.7 ± 0.3

16.2 ± 0.3

the total lignin content in pseudostem can be used to predict the physical
strength of the plant.

3.5. The Expression of the Gene Mu4CL15 Was Close Related to
the Physical Strength of the Seedling Pseudostem
As the metabolism catalyzed by 4-coumarate:CoA ligase located at the entrance
of lignin anabolism in plant, the metabolism catalyzed by 4-coumarate:CoA ligase maight be the rate-limiting step for lignin anabolism in plant. The expression of 4-coumarate:CoA ligase gene may have close relationship with the physical strength of banana pseudostem. 4-coumarate:CoA ligase always existed as
family in plant genome. There were 25 4-coumarate:CoA ligase genes in banana
A genome. Results showed that the order of the amplified products of Mu4CL15
was consistent with that of physical strength of pseudostem (Table 1, Figure 1).
The banana seedlings with high expression of 4-coumarate:CoA ligase gene
Mu4CL15 always have strong pseudostem. This suggested that the physical
strength of the pseudostem of the banana plants can be predicted by measuring
the expression of Mu4CL15 in pseudostem.

3.6. The Plant with High Physical Strength at Seedling Stage
Always Has High Resistance to Lodging at Mature Stage
For every cultivar, five seedlings with high physical strength and five seedlings
with weak physical strength were selected and grown in field. At mature stage,
the physical strength of the plants was measured. Results showed that under the
same manage condition, the physical strength of the plants at mature stage was
proportionate to that of the plants at seedling stage (Table 1). The plant with
high physical strength at seedling stage always has high resistance to lodging at
mature stage (Table 1). This suggested that the physical strength of the pseudostem of the banana plants at mature stage can be predicted by measuring the
physical strength of the plants at seedling stage.
DOI: 10.4236/abb.2018.94011
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Figure 1. The expression of Mu4CL15 in seedling pseudostemof different cultivars M was DNA marker (D2000) (Tiangen
Biotech, Beijing, China) 1, 2, 3, 4, 5, 6, 7, 8 was Apple, Musa
balbisiana, King, Fenjiao, Yunnandajiao, Hongxiangjiao, Baxijiao, Musa acuminate, respectively.

4. Conclusion
The relationship between plant height and physical strength of banana pseudostem was not significant. The pseudostem diameter becomes larger, the pseudostem has stronger physical strength. The pore number of the pseudostem cross
section has no relationship with the physical strength of the seedling pseudostem. Although neither the order of ASL nor that of AIL was consistent with that
of the physical strength of the banana pseudostem, the order of total lignin content in pseudostem was completely consistent with that of the physical strength
of the banana pseudostem. The total lignin content in pseudostem can be used to
predict the physical strength of the plant. The physical strength of the pseudostem of the banana plants at mature stage can be predicted by measuring the
physical strength of the plants at seedling stage in seedling pseudostem. Banana
lodging-resistant breeding might be accelerated by measuring the physical
strength of the plants at seedling stage.
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