Vietnam J. Agri. Sci. 2016, Vol. 14, No. 10: 1557 -1563  Tap chi KH Néng nghiép Viét Nam 2016, tap 14, sb 10: 1557 - 1563

www.vnua.edu.vn

THE EFFECTS OF A POTENTIAL RETARDANT ON THE STEM'S HARDNESS,
GROWTH AND YIELD OF IR50404 RICE

Le Vinh Thuc’, Mai Vu Duy, Nguyen Thanh Hoi, Mai Thi Nhung

Crop Science Department, College of Agriculture and Applied Biology, Can Tho University
Email”: Ivthuc@ctu.edu.vn

Received date: 11.06.2016 Accepted date: 18.08.2016

ABSTRACT

Lodging is one of the important factors that limits rice yield and reduces grain quality. Lodging obstructs the
process of transporting carbohydrates from the leaves and stem to grains, and causes the panicles to sink into water
and decompose, which causes many difficulties for harvesting. This study was conducted with the aimof determining
the optimal paclobutrazol concentration with respect to the growth and hardness of rice to help limit lodging and
increase the yield. The experiment was conducted in the field on the autumn-winter crop in Vi Thuy District, Hau
Giang province. The experiment was carried out in a randomized complete block design (RCBD) with five
paclobutrazol treatments (control (spraying water without paclobutrazol), 25 mg.I", 50 mg.I*, 75 mg.I"*, 100 mg.I")
and four replications per treatment. The results showed that the treatment of paclobutrazol at a concentration of 50
mg.l'linduced the rice to increase the number of tillers, the stems’ hardness index (the lodging index was reduced),
the filled grain ratio, and the yield (6.98 tons/ha, increasing 12.1% compared to the control).

Keywords: Hardness index, IR50404, Oryza sativa L., paclobutrazol, yield.

Anh hwéng cua chat ke ché sinh trwedng dén do cirng cay,
sw phat trien va nang suat laa IR50404

TOM TAT

D& nga 1a mét trong nhirng yéu t6 quan trong l1am gidm nang suét va chat lwong hat IGa. D4 nga 1am han ché
qua trinh van chuy&n cac chat ddng hoa tir 1a dén than va hat, gay khé khan cho viéc thu hoach. Thi nghiém duwoc
thwe hién véi muc dich tim ra ndng doé paclobutrazol thich hgp dé cho lua phat trién, tang d6 ctrng cay han ché dé
nga tang nang suét lta. Thi nghiém dwoc thuc hién trong vu Thu — Péng tai huyén Vi Thay, tinh Hau Giang. Thi
nghiém dwoc bé tri theo thé thirc khdi hoan toan ngiu nhién (RCBD) véi 5 nghiém thirc cla céac liéu lwong
paclobutrazol (d6i chirng (phun nwéc), 25 mg.l™, 50 mg.I™h, 75 mg.I*, 100 mg.I'") va 4 1an 1ap lai. K&t qua thi nghiém
cho thdy lta dwoc phun & ndng dd 50 mg.I™ paclobutrazol lam tang sé chdi dd cirng cay, ty 1& hat chdc va nang suét
tang 1&én 12,1% so va&i lua khéng dwoc phun.

T khéa: Po cirng cay, IR50404, néng suét, Oryza sativa L., paclobutrazol.

2013). The production process has shown that
the lodging of rice is one of the reasons for great

1. INTRODUCTION

Rice is a staple food crop that plays an
indispensable role in agriculture in Asia in
general and Vietnam
cultivated area of rice in Vietnam accounted for
about 7.9 million hectares, from which the
country achieved a yield of 55.6 quintals/ha, in
2013 (General Statistics Office of Vietnam,

in particular. The

losses in both yield and quality of grain. When
the rice lodges, grain formation is stagnated
because the process of conveying substances is
obstructed (Yoshida, 1981; Yoshinaga, 2005). In
addition, lodging also causes many difficulties
for harvesting (Sinniah et al., 2012). In order to
overcome the problem, farmers in the Mekong
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Delta, Vietnam have used

methods planting
varieties, drainage in the middle of the crop,
and properly using fertilizers. Besides these, the

some common

such as lodging-proof

use of plant growth regulators is one of the
important cultivation techniques because they
can not only increase yield but also limit
lodging. Of which, paclobutrazol (PBZ) is
considered to be the best method for rice that
possibly limits lodging and increases yield.
According to Ueno et al. (1987), paclobutrazol is
a plant growth regulator that belongs to the
group of growth inhibitors; paclobutrazol plays
an active role in decreasing the height of plants
and increasing the hardness of stems, hence
reducing lodging in  rice
Paclobutrazol is an antagoinist of the plant
hormone gibberellin, and inhibits gibberellin
biosynthesis, there by reducing
growth, increasing root growth, and causing
increased grain filling in rice (Bridgemohan and
2014). spraying
paclobutrazol at the late growth period
increases the filled grain ratio because of the
delay in leaf senescence (Zhang et al, 2007).
According to Pan et al. (2013), paclobutrazol is
normally applied as a foliar spray. Several

cultivation.

intermodal

Bridgemohan, Moreover,

research studies have been published on using
paclobutrazol to increase rice yield and reduce
lodging (Liang, 1990; Penget al., 2011; Sinniah
et al., 2012; Bridgemohan and Bridgemohan,
2014). IR50404 is a current rice variety that
offers relatively high yields and is cultivated
popularly in places like Hau Giang Province,
Vietnam, but it is sensitive to lodging, resulting
in decreases to yield. To date, no studies on the
effects of paclobutrazol on rice in Vietnam have
been published to
increase the yield of the IR50404 rice variety.
For this reason, this research was carried out to
determine the

overcome lodging and

optimal concentration of

paclobutrazol for increasing the yield of rice
in IR50404.

2. MATERIALS AND METHODS

2.1. Materials

The experiment was conducted in the field
from dJuly to October, 2014 in Vinh Trung
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commune, Vi Thuy district, Hau Giang province,
Vietnam. TR50404 has a growth period shorter
than 90 days from direct seeding; stem height is
low (85 - 90 cm), the average total grains per
panicle is 65 - 70, and the filled grain ratio is
high. This variety has a high tolerance to salinity
and acid sulfate soils, is widely adapted, and can
gain high yields in both winter-spring and
(Ministry  of
Agriculture and Rural Development, 2006).
Paclobutrazol, 46% N urea fertilizer (Phu My
Fertilizer), 16% P,O; Superphosphate Long
Thanh, and 60% K,O potasium chloride (KCI)
were used in this experiment.

summer-autumn  plantings

2.2. Methods

The experiment was implemented in the
fields using a randomized complete block design
with four replications (each replication was on a
plot with an area of 25 m? per plot). There were
T1 - Untreated with
paclobutrazol chemical (control); T2 - Treated

five treatments (T):

with paclobutrazol at a concentration of 25
mg.l'; T3 - Treated with paclobutrazol at a
concentration of 50 mg.l?'; T4 -Treated with
paclobutrazol at a concentration of 75 mg.l™;
and T5 - Treated with paclobutrazol at a
concentration of 100 mg.l?. The chemical was
different
concentrations within the period of 50-days

applied at the treatment
after sowing. Fertilizer was similarly applied at
110 kg N, 50 kg P,0;, and 50 kg K,O ha™! for all
treatments. The hardness of internodes were
measured according to the methods of Chon
(2007). Ten plants in each replication were
collected to measure the hardness of internodes
as shown in Figure 1. A plant was laid on the
rack, then a box washung from the plant, and
sand was slowly added to the box increasing the
weight until the internode broke. The box was
weighed, and the hardness of the internode was
calculated by conversion that 1 kg equaled 10
N. Collected data were plant height (cm),
number of tillers, number of panicles per m?
length of internodes, level and area of lodging
(Fageria et al., 2006), number of total grains per
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panicle, filled grain ratio (%), 1.000 - grain
weight (g), grain yield, and harvest index. The
data were analyzed using the SPSS 16.0
software (SPSS, Chicago, IL, USA).
Significant differences among the means were

Inc.,

determined by Duncan’s Multiple Range test at
a 95% probability.

3. RESULTS AND DISCUSSION

3.1. Stem height and number of tillers

Results in Figure 2 illustrate that the
treatment of paclobutrazol did not affect the
stem height of rice at harvest time. According to
Cruz et al. (2011), paclobutrazol reduced the
plants’ growth. Perhaps the rice plants were not

@

(b)

affected by applying paclobutrazol at 50 days
after sowing due to slow increases inplant
heightat this stage. However, the treatment of
paclobutrazol at a concentration of 50 mg.l!
obtained the highest number of tillers per m?
(597 tillers per m?) while the control was lowest
(550 tillers per m?. Similarly, the previous
research on rice from Yim et al (1997) found
that paclobutrazol stimulates tiller initiation in
rice. According to Hua et al (2014), plant
growth regulators are used on crops such as rice
and wheat to inhibit plant height as well as
increase the number of tillers, and consequently
yield. However, in this research the stem height
of rice was not affected by plant growth

regulator application.

©

Figure 1. Lay the internode on the rack then hang with the box (a);
Fill the box with sand (b); brake the internode (c)
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Figure 2. Stem height (cm) and number of tillers per m?of rice IR50404 at the harvest time

Note: The columns with the same letters are not significantly different by Duncan’s test. PBZ: paclobutrazol
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Table 1. The length (em) of internode of the IR50404 variety at the mature grain stage

Concentrations paclobutrazol

Lengths of four internodes (cm)

(mg.I") Internode 1 Internode 2 Internode 3 Internode 4
Control 14.0 10.6 8.5 6.2%
25 13.5 11.1 8.2 5.9%
50 14.8 10.8 8.3 5.0°
75 13.1 11.1 8.0 5.7%
100 14.9 12.0 8.3 5.1°
F ns ns ns *

CV (%) 8.9 9.6 8.6 9.0

Notes: ns: not significantly different, *: significantly different at 5%.
Values within each column with different letters are significantly different at a 95% level of confidence by Duncan’s test.

Table 2. The hardness of IR50404 rice in the period of harvest

Concentrations paclobutrazol

Hardness of 4 internodes (N)

(mg.I") Internode 1 Internode 2 Internode 3 Internode 4
Control 1.52° 1.63° 1.93° 2.43°
25 2.41° 2.34° 2.44° 2.59°
50 2.59° 2.65° 2.91° 3.05°
75 2.26° 2.43° 2.58° 2.89°
100 2.47° 2.48" 257" 2.96"
= x - - -

CV (%) 18.5 2.4 2.6 1.6

Notes: *: significantly different at 5%, **: significantly different at 1%.
Values within eachcolumn with different letters are significantly different by Duncan’s test.

3.2. Length of internode

The lengths of internodes from internode 1
to 3 were not affected by paclobutrazol (Table
1). However, at
paclobutrazol was applied at a concentration of
50 mg.l"}, its length (5 cm) was shorter than the
rest, excepting the treatment of paclobutrazol at
100 mgl?'. So, the
effectiveness of the treatment of 50 mg.l™

internode 4, when

a concentration of

paclobutrazol was to decrease the length of the
fourth rice internode, making the rice harder,
and limiting lodging. According to Yoshida
(1981), the hardness of rice stems is greatly
impacted by the length of lower internodes; so if
the fourth internode is short, it will help the
stem be harder and limit lodging.

3.3. Hardness of internodes

Table 2 shows that the hardness of the first
internodes in all the paclobutrazol treatments
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were significantly higher than the control
(1.52 N) but not
different from one another. This shows that the
affects the
hardness of internodes. Similarly, the hardness

treatment significantly

concentration of paclobutrazol
of internodes 2, 3, and 4 in each of the different

paclobutrazol treatments had significant

differences compared to the treatment of
control. Of which, the paclobutrazol treatment
at a concentration 50 mg.l' had the highest
internode hardness at internodes 2, 3, and 4
(respectively 2.65, 2.91, and 3.05 N). The third
and fourth internodes were broken easily, so
this increase in hardness is meaningful in
limiting the lodging status of rice, and then in
turn, increasing the yield and quality of the rice
grain during harvesting. According to Zheng et
al. (2011), the hardness of rice stems will
increase when paclobutrazol is applied at the
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suitable concentration, and at the same time,
the number of panicles is increased, which helps
raise the yield and keeps a high hypotonic
pressure in the cells.

34. Level of lodging and area of lodging
(ratio %)

The information in Table 3 points out that
lodging happened greatly 20 days prior to
harvest. In the control treatment, the lodging
obtained level 7 with a ratio greater than 50%
(61 - 80%), most of plants were bending. After
applying paclobutrazol at the concentrations of
50, 75, and 100 mg.l"!, the lodging was at level
3, and at the concentration of 25 mg.l?, the
lodging was at level 5, most of plant were
moderately bending. Within the period of 10
days prior to harvest and the period of harvest,
the area of lodging increased greatly and was

highest in the control treatment. According to
research from Sinniah et al. (2012), application
of paclobutrazol on rice can provide increased
lodging resistance in rice plants with the added
advantage of yield improvement.

3.5. The effects of paclobutrazol on the

yield and components of yield

3.5.1. The number of panicles per m’

The results in Table 4 show that the number
of panicles were significantly differentat 1%. The
number of panicles changed from 550 in the
control to 597 panicles per m? highest in the
paclobutrazol treatment at the concentration of 50
mg.]". This is similar to the study of Buta and
Spaulding (1991)in which paclobutrazol was
believed to increase the ability of tiller growth,
inhibit the growth of leaf sprouts, and speed up
the process of panicle sprout division.

Table 3. Level and ratio of lodging at the moments after blossoming until harvesting*

Level of lodging

Ratio of lodging (%)

Concentrations

ety Rgarpror I0duepier ey 2 darpior 0GR e
Control 7 9 9 61-80% > 80% > 80%
25 5 9 9 41-60% > 80% > 80%
50 3 5 7 20-40% 41-60% 61-80%
75 3 5 7 20-40% 41-60% 61-80%
100 3 5 7 20-40% 41-60% 61-80%

Note: *: the level and area of lodging were evaluated according toFageriaet al.(2006)

Table 4. The yield components of rice at harvest

Concentrations paclobutrazol

Components of yield

(mg.l‘l) Number of
panicle

Control 550°
25 555"
50 597%
75 571"
100 566"
F *%

CV (%) 8.1

Number of filled grains

Filled grain ratio ~ 1000-grain weight

per panicle (%) (9)
63.8 70.5° 235
65.9 72.0% 23.3
67.1 78.0° 23.2
66.0 75.0° 23.0
64.7 73.9" 23.0

ns * ns
3.6 5.9 3.7

Notes: ns: not significantly different, **: significantly different at 1%. Values within eachcolumn with different letters are

significantly different at a 99% level of confidence by Duncan’s test.
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3.5.2. Number of filled grains per panicle
and filled grain ratio

The number of filled grains per panicle
among the different treatments had no
significant differences at 5% (Table 4). The
number of filled grains per panicle in the
treatments changed from 63.8 to 67.1 grains
per panicle. The results in table 4 demonstrate
that the filled grain ratios (%) were
significantly  different at 1%.  When
paclobutrazol was applied at a concentration of
50 mgl?, the

compared to the remaining treatments and

difference was significant
this concentration had the highest ratio of
filled grain (78%), 1.1 times greater than the
control (70.5%). This shows that the treatment
of paclobutrazol at a concentration of 50 mg.1™!
helped the rice increase the filled grain ratio
(%) higher than the control, similar to the
study results of Zhang et al. (2007) who found
that when PBZ was sprayed on the leaves
within the last growth period, the ratio of
grain formation and grain yield increased due
to the delay of leaf senescence. According to
Peng et al. (2011), spraying paclobutrazol on
rice produced more effective grain numbers
and seed setting rates. According to
Bridgemohan and Bridgemohan (2014), PBZ is
an inhibitor of gibberellin biosynthesis,
thereby

increasing root growth, and causing increased

reducing intermodal growth,

grain filling in rice.

3.5.3. 1000-grain weight

The data in Table 4 indicate that the
1000-grain weights of all treatments were not
significantly different at 5% and the
1000-grain weight changed within the range of
23.03 - 23.34 g. This shows that the feature of
1000-grain weight was not impacted much by
environmental conditions and has a high
hereditary factor. According to Yoshida (1981),
grain weight is a feature of the variety and the
grain size is controlled tightly by rice husk. So,
the grain can not grow greater than the size of
husk, even under advantageous conditions and
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when water and nutrition are provided
sufficiently, as external hormone applications
do not have much impact on the size of the

husk and grain.

3.5.4. Yield

The results in Figure 3 show that the
potential yieldsof the different treatments
were significantly different at a level of 1%.
The treatment of paclobutrazol at the
concentration of 50 mg.l" gained the highest
potential yield, significantly different from the
remaining treatments and 1.25 times greater
than the control. The statistics in Figure 3 also
express that the actual grain yield of the
different treatments was significantly different
at 1%. The treatment of paclobutrazol at the
concentration of 50 mg.l"! gained the highest
yields (6.98 tons/ha), significantly different
from the remaining treatments, and the lowest
was the control (5.77 tons/ha). This study was
similar to the study of Pan et al. (2013) on the
super hybrid rices Peizataifeng and Huayou86.
According to the study of Peng et al. (2011),
spraying paclobutrazol helped the factors of
yield and productivity with increases of
11.89% compared to the control thanks to
improvements in photosynthetic abilities, the
increase of the number of panicles per area
unit, and the ability of protecting the rice

against lodging.

4. CONCLUSIONS AND SUGGESTION

The treatment of paclobutrazol at the
concentration of 50 mg.1"' on the IR50404 rice
varietyon anautumn-winter crop in Vi Thuy
district, Hau Giang province, Vietnam helped
the rice by increasing the effective tillers per
panicles, the rice stems’ hardness, and the
ratio of filled grain and yield (6.98 tons.ha™),
12.1% greater compared to the control. Future
studies need to analyze gibberellin content in
the rice after being sprayed with PBZ to
understand clearly the role of this hormone

in rice.
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@ Potential grain yield

_ 6.12bc
64 850 Bdc

Yield (tons'ha)
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Figure 3. The potential yield and grain yield
in the field of IR50404 within the period of harvest

Note: The columns with the same pattern and letters are not significantly different at a 99% level of confidence by Duncan’s

test.PBZ: paclobutrazol
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