
Journal of the Arkansas Academy of Science

Volume 43 Article 13

1989

Genetic and Plant Growth Regulator Manipulation
of Rice (Oryza sativa L.) Mesocotyl and Coleoptile
Lengths
R. S. Helms
University of Arkansas, Fayetteville

R. H. Dilday
USDA-ARS

M. A. Mgonja
University of Arkansas, Fayetteville

S. Amonsilpa
University of Arkansas, Fayetteville

Follow this and additional works at: http://scholarworks.uark.edu/jaas

Part of the Agronomy and Crop Sciences Commons

This article is available for use under the Creative Commons license: Attribution-NoDerivatives 4.0 International (CC BY-ND 4.0). Users are able to
read, download, copy, print, distribute, search, link to the full texts of these articles, or use them for any other lawful purpose, without asking prior
permission from the publisher or the author.
This Article is brought to you for free and open access by ScholarWorks@UARK. It has been accepted for inclusion in Journal of the Arkansas Academy
of Science by an authorized editor of ScholarWorks@UARK. For more information, please contact scholar@uark.edu, ccmiddle@uark.edu.

Recommended Citation
Helms, R. S.; Dilday, R. H.; Mgonja, M. A.; and Amonsilpa, S. (1989) "Genetic and Plant Growth Regulator Manipulation of Rice
(Oryza sativa L.) Mesocotyl and Coleoptile Lengths," Journal of the Arkansas Academy of Science: Vol. 43 , Article 13.
Available at: http://scholarworks.uark.edu/jaas/vol43/iss1/13

http://scholarworks.uark.edu/jaas?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol43%2Fiss1%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol43?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol43%2Fiss1%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol43/iss1/13?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol43%2Fiss1%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol43%2Fiss1%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/103?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol43%2Fiss1%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol43/iss1/13?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol43%2Fiss1%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholar@uark.edu,%20ccmiddle@uark.edu


42
Proceedings Arkansas Academy of Science, Vol. 43, 1989

GENETIC AND PLANT GROWTH REGULATOR
MANIPULATIONOF RICE (ORYZA SATIVA L.)

MESOCOTYL AND COLEOPTILE LENGTHS

R.S. HELMS
University of Arkansas

P.O. Box 351
Stuttgart, AR 72160

M.A. MGONJA
University of Arkansas
Agronomy Department

Fayetteville, AR 72701

R.H. DILDAY
USDA-ARS

P.O. Box 287
Stuttgart, AR 72160

S. AMONSILPA
University of Arkansas
Agronomy Department

Fayetteville, AR 72701

ABSTRACT

Significant differences in mesocotyl lengths of semidwarf and non-semidwarf rice (Oryza sativa L.)
cultivars were observed. However, the relationship between plant height and mesocotyl length was found
to be due to linkage rather than pleiotropism. Seed treatments of gibberellic acid (GA3) significantly in-
creased mesocotyl and coleoptile lengths in the laboratory study. The GA3 seed treatments significantly
increased stand density compared to the untreated control in the field study. However, no significant
differences were observed for plant height at maturity or grain yields among the GA3 treatments or the
untreated control.

INTRODUCTION

Semidwarf rice (Oryza sativa L.) cultivars are short in stature (80
to 120 cm inheight at maturity), have short and more upright leaves,
greater nitrogen (N)responsiveness without lodging, and higher grain
yields relative to taller traditional rice cultivars (Turner et al., 1982).
Semidwarf rice cultivars are becoming more popular withrice producers
in the southern states ofArkansas, Louisiana, Texas, and Mississippi.
Semidwarf rice cultivars were seeded on790,365 hectares in these states
in 1988 (Matlick, 1988). Stansel (1984) stated that there may be prob-
lems with seedling emergence of semidwarf rice cultivars and changes
inmanagement practices may be required to maximize economic pro-
ductivity of the semidwarfs.

Rice seedling emergence is a function of mesocotyl and coleoptile
elongation. The mesocotyl in the rice seedling is the internode between
the coleoptile node and the point of union of the root and the culm.
The coleoptile is the cylinder-like protective covering that encloses the
young plumule (DeDatta, 1981). Turner et al, (1982) reported that poor
stand establishment ofsemidwarf cultivars is largely attributable to short
mesocotyl length, and further stated that the semidwarfs have shorter
mesocotyls than traditional, non-semidwarf rice cultivars.

Mesocotyl and coleoptile lengths are genetically controlled but
mesocotyl and coleoptile elongation are also influenced by seeding depth
and environmental factors (Turner et al., 1982). Kordan (1974) con-
cluded that coleoptile elongation was enhanced by low oxygen (0 2) levels
while Chang and Bardenas (1965) reported that light inhibits mesocotyl
elongation. Takahashi (1978) found that removing carbon dioxide (CO2)
from the developing seedling decreased both coleoptile and mesocotyl
elongation.

Turner et al. (1982) examined mesocotyl and coleoptile elongation
of six rice cultivars at five seeding depths. Variability among cultivars
existed for the mesocotyl and coleoptile elongation especially at dif-
ferent seeding depths. In general, the sum of the mesocotyl and
coleoptile length equalled the seeding depth. However, the semidwarf
cultivars 'Bellemont' and 'M101' did not emerge at the 10 cm seeding
depth. Reduced emergence of these and other semidwarf rice cultivars
at seeding depths exceeding 2.5 cm had led some researchers to theorize
that there was a possible pleiotropic relationship between mesocotyl
and coleoptile elongation and plant height.

Sunderman (1964) reported positive correlations between plant height
and coleoptile Lengths of winter wheat in three of five tests and coleop-
tile length was positively correlated with seedling emergence inone of
two tests. Takahashi (1946) also found a positive correlation between
coleoptile and culm length in barley but found was no relationship
between coleoptile length and seedling emergence.

Stowe and Yamaki (1957) postulated that since maize dwarfs are
caused by single gene defects, the dwarfness may be interpreted as a
block in a biosynthetic pathway that ultimately leads to the produc-
tion of gibberellin-like compound. They suggested that by adding
gibberellic acid (GA3),these blocks may be overcome and the require-
ment for the growth substance satisfied. However, Allan et al. (1962)
found that dwarf and semidwarf wheat cultivars were not induced to
grow to normal height by injections of GA3.

Bird and Ergle (1961) found significant increases in seedling emergence
and seedling height of cotton when cotton seed was treated with
potassium gibberellate (75% GA3 ). The positive influence of the GAj

was thought to be associated with the increased rate of hypocotyl
elongation.

When our study was initiated, the association of semidwarf rice
cultivars and inadequate stand establishment were known. Furthermore,
the proposed theory was that the mesocotyl and coleoptile were
pleiotropic with plant height. The objectives ofthe study were to: (a)
evaluate the potential mesocotyl and coleoptile elongation of semi-
dwarf and standard cultivars, (b) determine the relationship between
mesocotyl and coleoptile elongation and plant height in parental rice
germplasm, (c) evaluate enhanced germplasm developed by hybridiza-
tion and selection to determine the relationship of mesocotyl and
coleoptile elongation to plant height, and (d) evaluate GA, as seed
treatments on rice for mesocotyl and coleoptile elongation, stand
establishment, plant height, and grain yield.

MATERIALSANDMETHODS

Laboratory and fieldexperiments were conducted from 1982 through
1988 to determine the mesocotyl, coleoptile, and total (mesocotyl +
coleoptile) lengths of rice cultivars to determine the association of these
parameters to plant height. Studies were also initiated to examine the
effects of GAj at rates of 10, 50, and 100 mg ai/kg seed on seedling
morphology, stand establishment, plant height, and grain yield. One
kilogram ofseed was treated withsolutions of GA3.The seed lots were
then dried to inhibitgermination.

The rice germplasm utilized in the mesocotyl/coleoptile and plant
height study were the very-short-season cultivars 'Ml01', 'L201\ and
'Labelle', and the experimental line RU7703008 (NWRX//CI9881/
PI331581). The semidwarf germplasm was represented by M101 (an
early maturing California cultivar) and RU77O3OO8 (a sister line of
USDA-Texas Agricultural Experiment Station midseason cultivar, Belle-
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mont). The comparatively taller statured germpiasm was represented
by Labelle, developed by USDA-Texas Agricultural Experiment Sta-
tion and L201, developed by California Cooperative Rice Research
Foundation.

The rice cultivars used in the GA3 seed treatment study included
'Lemont' and 'Rexmont', twosemidwarf cultivars developed by USDA-
Texas Agricultural Experiment Station and 'Mercury', a semidwarf
cultivar developed by the Louisiana Agricultural Experiment Station.
The data from the studies were statistically analyzed using the General
Linear Mean Model (GLM) procedures provided by the Statistical
Analysis System (SAS Institute, 1982).

Laboratory Experiments
The laboratory test was designed to determine the potential length

ofthe mesocotyl and coleoptile ofthe germplasm sources when grown
indarkness. The slantboard technique described by Jones and Peter-
son (1976) was used. Moistened blotters (13X18 cm) were placed on
acrylic plates ofthe same size and 20 seeds were placed ina horizontal
line, germ-end down, 1 cm apart and 4 cm from the bottom ofthe plate.
The seeds were held in position by placing a single thickness of ger-
mination paper over the seeds. The plates that were holding the seed
were moistened withdistilled water. Plates, blotters, and adhering seed
were placed in slotted acrylic racks which held 12 acrylic plates. The
entire assembly was placed in a glass tray containing 1,000 mlof distilled
water. The assembly was wrapped in two black polyethylene bags to
maintain high humidity and to assure a uniform dark environment. The
assembly was placed in a temperature controlled germinator in total
darkness at 100% RH for 10 days at 25 °C, after which the mesocotyl
and coleoptile ofeach seedling were measured. The sum of the mesocotyl
and coleoptile measurements comprised the total length. Each acrylic
plate contained 20 uniform, mature seeds (five seeds/germplasm
entry) which represented one replication. Also, the previously de-
scribed technique was used in the GA3 seed treatment study. However,
a separate glass tray was used for each concentration of the GA,.

Germplasm Enhancement
-

Field Study
The four germplasm sources (M101, L201, Labelle and RU77O3OO8)

were hybridized in all possible combinations to determine ifsemidwarf
recombinant plants which produce long mesocotyls and coleoptiles could
be recovered. Parent and F, seed were hand planted in4.7 m rows with
seed being placed 15 cm apart withina row and 20 cm between rows
on Crowley silt loam (Typic Albaqualf) at the Rice Research and Ex-
tension Center at Stuttgart, AR. Seeds were hand harvested from F,
plants and individualF 2 seed werehand planted in the same design that
was used for the parent and F, seed. Seeds from 340 randomly selected
Yiplants from each cross combination were hand harvested, threshed,
and stored at 10°C and about 50% RH. These seeds were sown in two
replications of 1 mrows using 19 cm row spacing. Heading date, per-
cent lodging and average plant height (fiveplants/row) were measured
and uniform, mature seeds from individual plants of the F3 rows were
evaluated as described inthe materials and methods for mesocotyl and
coleoptile length. Twenty-three semidwarf selections that produced long
mesocotyls and coleoptiles were evaluated at two locations (four
replications/location) in 1986 and 1987 for plant height, and
mesocotyl/coleoptile length.

GA3 Seed Treatment - Field Study
In1988, field studies to examine the effects ofGA3 seed treatments

on stand establishment, plant height, and grain yield were initiated at
the Southeast Branch Experiment Station, Rohwer, AR. The semi-
dwarf, Lemont, was seeded at 2.5 and 7.5 cm depths at a rate of 112
kg/ha inDesha silt loam (VerticHaplaudolls). Plots werenine drillrows
wide (15 cm spacing) and 4.6 m in length.

A split-plot experimental design was used with seeding depth as main
plot and GA, seed treatments as subplots. Each treatment combina-
tion was replicated four times. Stand counts were taken in two 0.09
m2 areas prior to flooding. Atmaturity, plant height was measured from
the soil level to the top ofthe extended panicles at two locations ineach
plot. The plots were combine harvested and grain yields are expressed
as 12% moisture.

RESULTS ANDDISCUSSION

Laboratory Experiment
I.Mesocotyl/Coleoptile Evaluation of Parental Germplasm

The mesocotyl and total lengths of the two semidwarf genotypes,
M101 and RU7703008, differed significantly from those of the taller
genotypes, L201 and Labelle (Table 1). These data are similar to results
reported by Turner et al. (1982), who found that semidwarf cultivars
have shorter mesocotyl and total lengths than taller rice cultivars.
Furthermore, the coleoptile length of L201 was significantly longer than
the coleoptiles of RU7703008 and Labelle, but not that of M101.

Table 1. Mesocotyl, coleoptile and total (mesocotyl + coleoptile) lengths
of four rice cultivars (laboratory experiment).

Lengths in mm
Colooptile TotalMesocotylCultivar

28.926.72.1MI01
15.013.41.67703008

L201 48.531.616.9
15.9 36.720.7Labelle

6.2LSD 0.05 7.62.9

The germplasm in this study exhibited genetic differences in mesocotyl
and coleoptile length which could be advantageous in the subsequent
development ofsemidwarf cultivars. Furthermore, the slantboard tech-
nique previously described would be useful in determining
mesocotyl/coleoptile lengths inlarge segregating populations because
the technique would permit the saving and transplanting of individual
seedlings that possess the desired seedling vigor traits.

II.GA3 Seed Treatments
The GAj seed treatments significantly increased mesocotyl, coleop-

tileand total lengths of the three cultivars compared to the untreated
control (Table 2). The mesocotyl lengths of Rexmont at the GA, 10
mg/kg rate were significantly less than mesocotyl lengths at the GA,

50 and 100 mg/kg rate. Nosignificant differences were observed among
the GAjrates for mesocotyl lengths of Lemont orMercury. Additional-
ly, no significant differences were observed among the GA 3 rates for
coleoptile or total lengths of any cultivar.

Table 2. Influence of GAjseed treatments on rice mesocotyl, coleop-
tile and total (mesocotyl + coleoptile) length of three rice cultivars
(laboratory experiment).

Length in mm- -
LEMONT REXMONT

- - -
-MERCURY-

- -
Seed Treatment Meso Cole Toe Meso Cole Toe Meso Cole ToC

mg/ha

Uncreated Control 1.7 9.4 11.1 1.9 10.9 12.8 1.7 15.3 17.0
CA3 10 16.3 26.7 43.0 6.9 23.8 30.7 6.9 33.4 40.3
CA3 50 12.4 24.8 37.2 11.6 27.1 38.7 8.0 32.6 40.6
GA3 100 15.8 22.6 38.4 9.5 19.8 29.3 8.3 33.0 41.3

LSI) 0.05 3.6 5.9 7.7 2.5 7.8 8.7 2.6 10.6 12.7

Germplasm Enhancement
This part ofthe study was designed only to identify semidwarf germ-

plasm with mesocotyls and coleoptiles that were equal to the
mesocotyl/coleoptile length of normal height germplasm. The test was
not designed to determine the inheritance of mesocotyl or coleoptile
elongation. Approximately 600 semidwarf plants (< 80 cm inheight)
from each of the six cross combinations were tested for mesocotyl/
coleoptile elongation (Table 3). The greatest frequency of the desired
plant type was identified in the RU77O3OO8 X L201 (eight plants) and
M101 X L201 (six plants) population (Table 3).
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Table 3. Recombinant semidwarf germplasm that produces normal
length mesocotyls and coleoptiles from six hybrid populations (germ-
plasm enhancement experiment).

Recombinant
Plants

Total
Hybrid Population

RU7703O08 X L201
M101 X L201

8 609
6 612

RU77O3OO8 X M101
L201 X Labelle
M101 X Labolle
RU77O3OO8 X Labelle

3 610
5970
6023

3 601

The new germplasm and their parents were evaluated for plant height
versus mesocotyl/coleoptile elongation in the field in 1986 and 1987.
Two of the semidwarf lines, designated (RU7703008 X L201)-512 and
(RU7703008 XL201)-513, from the crosses produced significantly longer
mesocotyls than the semidwarf parent, RU7703008 (Table 4). There
was no significant difference in plant height between the new germ-
plasm and RU7703008, a sister selection ofBellemont. However, these
three genotypes were significantly shorter than L201,the normal height
parent. There was no significant difference incoleoptile length of L201
or the new germplasm; however these three genotype sources have
significantly longer coleoptiles than RU77O3OO8 (Table 4). Therefore,
these data verify that plant height and mesocotyl/coleoptile elongation
in rice are not due to pleiotropism but rather these two plant
characteristics are controlled by separate but closely linked loci.

Table 4. Mean separation of plant height, mesocotyl, coleoptile and
total (mesocotyl + coleoptile) length of parental and new semidwarf
germplasm that has normal length mesocotyls and coleoptiles (germ-
plasm enhancement experiment).

The GA} seed treatments significantly increased stand density
compared to the untreated control (Table 6). However, there was no
difference among the GAjseed treatments for stand density. Further-
more, there was no difference for plant height at maturity orgrain yield
when the GA3 seed treatments were compared to the untreated control.
Although there were significant increases inmesocotyl, coleoptile, and
total lengths from the GA, seed treatments as determined in the
laboratory study, these seedling elongation effects were not observed
at maturity.

Table 6. Influence ofGA,seed treatments on stand density, plant height
and grain yield of Lemont rice averaged over seeding depths.

Stand Plant Grain
Seed Treatment Density Height Yield

mg/kg plants/m cm kg/ha

Untreated Control 127 92.3 7705
GA3 10 191 92.8 8200
GA3 50 191 91.3 7950
GA3 100 201 92.1 8265

LSD 0.05 53 NS NS

CONCLUSIONS

These results indicate that there are differences inmesocotyl/coleoptile
lengths of semidwarf and taller rice cultivars, but no pleiotropic rela-
tionship between plant height and mesocotyl elongation was found.
Furthermore, two sources of germplasm ([RU77O3OO8 X L201]-512,
[RU7703008 X L201]-513) have been identified which have semidwarf
plant height and mesocotyl/coleoptile potential that is similar to taller
cultivars which can be utilized in rice breeding programs.

Also, the use of the GA, seed treatments can enhance mesocotyl,
coleoptile, and total elongation inpresent semidwarf rice cultivars. Field
studies with Lemont demonstrated that stand establishment can be
increased with the use of GA, seed treatments.

Plane He Mesocotyl Coleopcile Total
Genotype cm

L201 90.5 a 26.8 a 29.8 a 56.6 a
(7703008 X L2O1)-512 78.5 b 16.7 b 35.1 a 51.8 a
(7703008 X L2OD-513 84.5 b 14.2 b 29.4 a 43.6 b

7703008 83.5 b 6.2 c 19.3 b 25.5 c

P
-

0.05

GAj Seed Treatment
-

Field Study
Analysis of variance indicated there was a significantly greater stand

density at the 2.5 cm seeding depth compared to the 7.5 cm seeding
depth (Table 5). However, there was nodifference between the seeding
depths for plant height at maturity or grain yield.

Table 5. Influence of seeding depth onstand density, plant height, and
grain yield of Lemont rice averaged over GA3 seed treatments.

Seeding Stand Plane Grain
Depth Density Height Yield

cm plants/m cm kg/ha

2.5 221 92.9 8110
7.5 137 91.3 7955

LSD
-

0.05 32 NS NS
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