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The objectives of this study were to develop anther-derived 
dihaploid lines from two Maryland tobacco (Nicotiana tabacum 
L.) cultivars, ‘MD 609’ and ‘MD 341’, and to compare the 
performance of the dihaploids with their parental sources. 
Haploid production per anther was 2.8 and 1 .O for MD 609 and 
MD 341, respectively. The average dihaploid production per 
haploid was approximately 4.0 for both populations. Seventeen 
and 23 dihaploid lines from MD 609 and MD 341, respectively, 
were grown in the field and then evaluated with their parental 
cultivars for 11 agronomic and chemical traits in a 2-year study 
(1986 and 1987). Six weekly growth increments were measured 
for the MD 341 dihaploid population in 1986. Parental 
genotypes appeared to have a significant effect on dihaploid 
performance. MD 609 dihaploids demonstrated no significant 

INTRODUCTION 

Since Gnha 8r Maheshwari (15) reported on the 
production of haploid plantlets by aseptic culture of anihors 
from Du~L~J. il riumber of studies have been conducted with 
tobacco (Nicotiunu tcrhncurn L.) to determine the WJ~LJC of this 
t&nique for basic biological investigations and breeding for 
improved gcrmplasm. Anther-derived dihaploids f’rrr~n 
burley tobacco have lower total alkaloids, shorter leaves, 
retlucxd yields, and later flowering times than inbred or 
c:onventionallv dcrivcd pure lines (8.9.10,18). Similar 
investigations with flue-cured tobacco suggest that the 
performance of anther-derived dihaploids is inferior to 
parental lines, and that the reduction in performanc:e is 
greater than what is observed for burley tol)acco (I ,7). 
Significant variation has br:cn observed among dihaploid 
lines derived from a flue-cured hytlrid (5) and among 
dihaploid lines derived from piwe-line cultivars of burlov 
(8.10) and flue-cured (1.7) to1laccos. 

Burk et al. (6) suggested an alternative to anther culture in 
which maternal haploids are produced from crosses 
involving IV. nfricnno Merxrniiller as the pollen parent. FOI 
burley tobacco, Nielsen & Collins (22) f0111d that the levels of 
performance of androgenetic: doubled haploids (ADH) and 
gynogenetic doubled haploids (GDH) are influenced by the 
source plant of the parental cultivar. Wernsman et al. (26) 
reported that rnatc:mall3;-derived doubled haploid lines arc 
agronomically superior to ADf1 lines and they more closely 
resemble parental cultivars. 

To date. dihaploid lines of Mnryland tobacco derived from 
either ADH or GDH have not been evaluated. Therefore, the 
objectives of this study w:rc to develop anther-derived 
di haploid lines hm two pme-line cultivars, and to compare 
the performance of the dihaploids with their parental 
cultivars. 

MATERIALS AND METHODS 

Dihaploid Production 
Marvland tobacco cllltivars. ‘MD 609 and ‘MD 341’~ ~‘ere 

used f& the production of two populations of anther-deri\:c:d 

SCIENCE 

yield reductions, but they were lower in price and quality index, 
had fewer leaves, and flowered later than the MD 609 cultivar. 
MD 341 dihaploids were 5.6% lower yielding, had longer 
internodes, and flowered later than the MD 341 cultivar. 
Average weekly growth rates for MD 341 and its dihaploids 
were similar throughout the growing season. Significant 
variation for several traits was observed among the dihaploids 
in both populations. Therefore, the small reduction in 
performance of anther-derived dihaploids in the two Maryland 
tobacco populations suggests that anther culture is a viable 
technique for developing homozygous germplasm lines and for 
genetic studies in Maryland tobacco. 

Additional key words: Nicotiana tabacum L., tissue 
culture, haploids. 

dihaploids. Young flower buds from four greenhouse-grown 
plants of each cultivar (Pl, P2. P3, & P4 from MD 341: and 
P2, P:j. P4, & P5 from MD 609) were collected at Stage 2 (23). 
The anthers were cultured on Nitsch medium (231, and 
haploid plantlets were rooted on medium described by 
Kasperbauer & Wilson (19). Plants that produced compact 
flower heads with sterile flowers were assumed to be 
h,tploid. Dihaploids were produced from the culture of 
haploid midveins (16). and they were grown to maturity for 
wed production. 

Field Studies 
The dihaploids were evaluated under field conditions for 

two years (1986 and 1987) at the tipper Marlboro Facility. 
Central Maryland Research and Education Center. The soil 
t> pt: 1~1s a Monmouth fine sandy loam which is a deep, well- 
drained soil (Typic Hapludult). 

‘I’h~ MD 341 population consisted of 25 entries. They 
wcrc two entries of MD 341 (selfed seed from two parental 
plants. Pl and P2). 15 dihaploid lines derived from ~OUI 
h;tploids iiom Pl, and eight dihaploid lines derived fro111 two 

h;iploids from P2. The MD 609 population consisted of 19 
entries. ‘I’hev were two entries of MD 609 (selfed seed fro111 
two prelltai plants, P4 and P5). six dihaploid lines derived 
fn~rn two haploids horn P4, and 11 dihaploid lines derived 
~JUII~ five haploids from P5. For both populations, the 13 
haploids produced a total of 40 dihaploids. For each year, the 
entries from each population were planted separately in 

Table 1. Haploid and dihaploid production from two cultivars 
of Maryland tobacco. 

Haploids Haplolds Dlhaplolds 
Plant Anthers Haplolds Per Surwng producing Dlhaploids Per 
number cultured produced anther haplads dihaplolds produced haplad 

~~~~~~~~~~~..~ ““m&r ~. 
Ml3 341 CuLt~v~ 
Pi ,’ 140 58 04 28 10 51 5.1 
P2” 110 97 0.9 52 11 71 6.5 
P3 145 51 2.1 27 6 13 22 
P4 55 32 0.6 19 10 33 33 
Total/mean 450 238 1 .o 126 37 168 43 

MD 609 Cult@ 
P2 15 73 4.9 34 7 11 16 
P3 40 69 17 40 7 29 4.1 
P41 50 100 20 54 9 43 4.8 
P5,’ 40 102 2.6 51 12 67 56 
Total/mean 145 344 2.8 179 35 150 40 

‘Dlhaploids from plants 1 and 2 of the MD 341 cultlvar and from plants 4 and 
5 3f the MD 609 cultivar were used In the field evaluations. 
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randomized complete block (RCB) designs with three 
replications. Each plot consisted of a single row of 20 plants. 
Rows were 102 cm apart and plants were spaced 61 cm 
within a row. 

Dibaploid lines WCIX: c:omparrcl M  illi their parental 
fxlli~~ars for 11 f:hemical aiitl agronomic traits. A detailed 
description of data collection was given bv McConnell (20). 
At approximately three-day intervals dru;ng the flowering 
period, inflorescenccs with at lcast onf’ open flower were 
counted. Determinations were made of the average number of 
days after transplanting that was required for 50% of the 
plants in each plot to flower (time to flower). Both 
pf~pulations were topped at developmental Stage 7, defined 
as mifl-flower (4). 

After removing the end or border plants from each plot, 
fifteen competitive plants in 1986 anfl 10 competitive plants 
in 1987 were harvested by cutting the entire stalk. After 
curing. the leaves were removed from the stalks and sorted 
into grades according to stalk position, quality. and color. 
Yield and average price/kg of the cured leaves were 
calculated from the plot weight and estimated price of the 
grades. Quality index was calculated for each plot as 
described by Mulchi (21). Plant height ,lt maturity and the 
numbcr of leaves per plant were rcc:ordcd for 10 stalks after 
the stripping and grading operations. The average internode 
length for each plant was obtained by tlividing the height of 
the plant by its nnnibf:r of leaves. 

A weighted composite sample was taken of cured Leaves 
from the various grades horn each plot. This sample was 
used for chemical determinations. Total alkaloids were 
determined by stecam distillation (14), and total nitrogen was 
determined by the Ranker Semi-Micro Kj~:ldahl method (13). 

Data on burning characteristics (~LLI-n time) were collected 
on a 15.Icaf and lo-leaf stipple horn ear:11 plot in 1986 and 
1987, respectively. One leaf was obtained from each 
harvested plant at the midstalk position. The samples were 
preconditioned at 20°C and 75% relative humidity for 24 
hours before burning. Burn time was determined after 
igniting a section of the mid-Iamina of the Icaf with a small 
electric coil. Average burn time per leat was calculated for 
each plot. Data on filling capacity were obtained from 
another sec:tion of the same leaf that was used to determine 
burn time. The procedure outlined by ,irtho et al. (2) was 
follf~wfxl. 

For the MD 341 dihaploid population in 1986, six growth 
increments wer(: calculated from weekly plant height 
measurements beginning 28 days after transplanting. The 
same 10 compctiti\,e plants in each plot were measured each 
week. 

For each trait measured. a two-year combined analysis of 
variance appropriate for an RCB was conducted. Single 
degree of heedom comparisons were calculated for parent vs. 
dihaploids. and dihaploids from one parent plant vs. 
dihaploids from the other parent plant (Pl DH vs. P2 DH for 
MD 341 population and P4 DH vs. P5 DH for MD 609 
population). Also. the significance of the variation among the 
dihaploids from a specific parent cultivar was calculated. 

RESIJLTS AND DISCUSSION 

Dihaploid Production 
MD 609 and MD 341 cultivars produced 179 and 126 

surviving haploids. respectively (Table 1). This resulted in a 
survival rate of approximately 52% for all haploids cultured. 
The number of dihaploids produced per haploid was similar 
for each cultivar; however, variation for haploid and 
dihaploid production among the source plants in each 
cultivar was observed. ‘The number of dihaploids produced 
per haploid ranged from 1.6 to 5.6 for MD 609 and 2.2 to 6.5 
for MD 341 (Table 1). Some plantlets died during each step of 
the haploid and dihaploid production process. Death was 
due to a number of reasons, but the major factors were a 
failure of the plantlets to develop a root system and a low 
survival rate after plantlets were transplanted to peat pellets 
or plastic pots. A high proportion of the plantlets 
demonstrated a condition known as vitrification, which is 
characterized by a water-soaked appearance of the tissue. 
almommal rltwfrlfq~ment of the stomates, and low epicuticular 
wax formation. This condition frequently resulted in plants 
that did not survi\.c transplanting (12). 

Previous reports of plantlet (haploid) production per 
anther in tobacco have ranged from 0 to 50+ (16), 1 to 100 
(22). and 0 to 139 (17). Kasperbauer & Collins (17) reported 
that plantlet production per anther ranged from an average of 
2.2 for fluct-cured typrs to 8.9 for dark-fired types of tobacco. 
The baploid protlllc:tion level in our study was similar to 
their flue:-cured data with MD 609 and MD 341 averaging 2.8 
and 3 .O haploids per anther, respectively (Table 1). 

Table 2. Means and specific contrasts for agronomic and quality traits of 17 dihaploids and the MD 609 parent combined over 
two years. 1986-87. 

Treatment Yield Price 
Quality 
index 

Plant 
height 

Internode Time to Total Total BUW Filling 
Leaves length Flower alkaloids nitrogen Time Capacity 

All entrles 2,516 2.90 49 8 91.9 22.5 4.10 75 0 3.02 
MD 609 parer@ 2,526 3 00 58.0 92.8 23.2 4.01 71 a 2.94 
All dlhaplolds (DH) 2,515 2.89 48.9 91.9 22.4 4.11 75 4 3 04 

Range: High 2,743 2.96 53.8 97.7 23.3 4.40 81 3 3 23 
Low 2,381 2.80 41 8 87.2 21.6 3.89 71 0 2.76 

P4 dihaploldsb 2,545 2 88 49 4 91.8 22.5 4.10 77 5 3.10 
P5 dihaploidsb 2,499 2 89 48 6 91.9 22.4 4.12 74 3 3.00 

Contrasts 
Among all entries 
Parent vs. DH 
P4 DH vs P5 DH 
Among P4 DH 
Among P5 DH 

Yearly Means 
1986 
1987 
1986 vs. 1987 
E  x Y  Interaction 

kg ha ’ S  kg-’ 5-l 00 cm “0. cm days %  %  sec. cm3g’ 

3.81 10.7 8.1 
3.71 11.6 8.5 
3.82 10.6 8.0 
4.05 12.6 9.1 
3.54 8.1 7.0 
3.78 10.5 8.3 
3.84 10.7 7.9 

2,559 3 17 62 8 94.4 21 7 4 36 70.2 
2.474 2.63 36 8 89.5 23 3 3.84 76.2 

2.24 3.41 16.7 7.2 
3.81 4.21 4.8 9.0 

f. f. .* + 

‘, +’ Slgnlflcant at P  = 0.05 and 0.01, respectwely. 
aAverage of the two MD 609 entries. 
%X  dlhaplolds from plant 4 (P4) and 11 dlhaplotds from plant 5 (P5) were evaluated 
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Table 3. Means and specific contrasts for agronomic and quality traits of 23 dihaploids and the MD 341 parent combined over 
two years, 1986-87. 

Treatment Yield Puce 
Quality Plant 
index helqht 

Internode Time to Total Total Burn Filling 
Leaves lenqth Flower alkaloids nitrogen Time Capacity 

kg ha-’ $ kg ’ 5-100 cm “0 cm 
Nleans 
All entries 2,636 2.90 44.7 92.1 25 6 3 60 
MD 341 parenta 2.781 2.94 47.0 92.2 26.5 3 48 
All dlhaplolds (DH) 2,624 2.90 44.5 92 0 25 5 3.61 

Range: High 2,789 2 98 50.8 95.0 27 0 3 79 
Low 2,473 2 79 36 0 a9 2 24.0 3.44 

Pl dlhaploldsb 2,612 2.91 45.1 92.3 25 2 3 67 
P2 dihaplold&’ 2,646 2 88 43.4 91.6 26.2 3 49 

Contrasts 
Among all entries 
Parent vs DH 
Pl DH vs. P2 DH 
Among Pl DH 
Among P2 DH 

** ff *. /+ tt 
*t * 

** +* 
f ** 

1. ** I 

Means Yearlv 
1986 2,770 3.05 48.0 95.6 26.2 3 65 
1987 2,502 2.75 41.4 88.6 25.0 3 51 
1986 vs. 1987 *r 1 

E x Y interactlon I* 
_. 

*, +* Significant at P = 0.05 and 0.01, respectively. 
aAverage of the two MD 341 entrles. 
bFlfteen dihaplolds from plant 1 (Pi) and 8 dihaploids from plant 2 (P2) were evaluated. 

Field Studies 
The MD 609 population was higher in price and quality 

index, had fewer leaves. flowered earlier, produced lower 
levels of total alkaloids and total nitrogen, burned better, and 
had a lower filling capacity in 1986 than in 1987 (Table 2). 
The MD 341 population produced a higher yield and more 
leaves in 1986 than in 1987, and its vearly means for 
chemical content and burn time were sim;lar td the MD 609 
population (Table 3). The entry x year interaction was 
significant for five traits in the MD 609 population and for 
three traits in the MD 341 population. The significance of 
these interactions was dut: primarily to differences in the 
magnitude of yearly respo~xxs, except for vield in the MD 
609 population, which was due to changes in the ranking of 
the dihaploids over the two years. 

The 19 entries in the MD 609 population varied 
significantly for yield, cluality index, plant height, internode 
length, and time to flowering (Table 2). Generally, the 
dihaploids were lower in price and quality index, had fewer 
leaves, and flowered later than the MD 609 parent. For 
certain traits, significant differences between the dihaploids 
derived from the two different MD 609 parent plants (P4 and 

Table 4. Weekly growth increments and specific contrasts for 
23 dihaploids and the MD 341 parent, 1986. 

Days after transplanting 
Treatments 28-35 35-42 42-49 49-56 56-63 63-70 

. . ..---..-...---....-.-....-------cm ._....__......____...~~~~.....~...~.. 
m 
All entrles 16.3 15.5 22.0 27.1 43.4 26.3 
MD 341 parent 16.4 14.8 22.6 26 8 46 4 24.9 
All dihaploids (DH) 16.2 15.6 21.9 27.1 43.1 26.4 

Range, High 188 17.5 25.7 37 2 50.8 33.5 
Low 13.6 13 1 17.3 22.3 33.1 la.3 

Pi dihaploidsa 16.4 159 22.5 28.1 45.2 25 6 
P2 dlhaploldsa 15.9 14.9 20.7 25.3 39. ? 28.0 

Contrasts 
Among all entrles 
Parent VS. DH 
Pi DH vs. P2 DH f * il 

Among Pl DH 
Among P2 DH . 

*, *’ Significant at P = 0.05 and 0 01, respectively. 
a Fifteen dihaploids from plant 1 (Pi) and 8 drhaplolds from plant 2 (PZ) were 

evaluated. 

- 

days % 

68.6 3.09 
65.9 3.09 
68.8 3.10 
78.2 3.52 
64.4 2.80 
67 5 3.10 
71.4 3.09 

** 
t* 
** 
* 

r. 

** 

+* 
** 

70.1 
67.1 

** 

2.41 
3.78 

If 
** 

% set cm3 g-’ 

3.24 11.1 a.7 
3.17 11 4 88 
3.24 11.0 a.8 
3.41 13.6 9.2 
3.07 a.4 a.3 
3.26 10.8 87 
3.21 11.5 a.9 

2.76 15.8 
3.72 6.4 

*. * 

a.9 
8.6 

PF~) were observed. The P5 dihaploids were earlier flowering 
and had a lower filling capacity than the P4 dihaploids. 
Significant variation was observed among the P4 and P5 
dihaploids for average time to flowering. In addition. the P4 
dihaploids varied significantly for yield, and the P5 
dihaploids varied significantly for plant height and internode 
1r:11@11. 

In general, there appeared to be greater variation in the 
MD 341 population than in the MJJ 609 population (Table 3). 
Among all entries, significant variation was found for eight 
agronomic and chemical traits. The 23 dihaploids were lower 
yielding. had longer internodes. and flowered later than the 
MD 341 parent. The 15 dihaploids from plant 1 of MD 341 
averaged more leaves, had shorter internodes, flowered 
earlier. and exhibited a lower filling capacity than the 8 
dihaploids from plant 2 (Pl DH vs. P2 DH contrast, Table 3). 
Variation among the dihaploids from both parent plants was 
significant for price, quality index, time to flowering, and 
total alkaloids. In addition, significant differences were 
observed among the PZ dihaploids for yield. 

As indicated by the non-significant Parent vs. DH 
comparisons in Table 4, weekly growth rates for the MD 341 
dihaploids were similar to the parent cultivar. The Pl 
rlihaploids grew faster than the P2 dihaploids during the time 
period of 42 to 63 days after transplanting. Also, significant 
variations in growth rate were found among the P2 
dibaploids for two growth periods (28-35 and 56-63 days). In 
contrast to this study, Arcia et al. (1) foulid that flue-cured 
dihaploids grew more slowly than the parents. 

The lack of reduction in yield for the MD 609 dihaploids 
was similar to what was reported in one study on burley 
tobacco (10). The 5.6% yield reduction for the MD 341 
dihaploicls was similar to the 4.8% decrease that was 
reported in another study on burley (8), but it was 
considerably less than the 8 to 20% reductions reported in 
other studies on burley (9,22,26) and flue-cured (1) tobaccos. 
Also. the significant variation observed among MD 609 and 
MD 341 dihaploids for several agronomic traits is similar to 
previous reports for other types of tobacco (1,7.8). 

The source genotype influences the reduction in vigor 
observed in the resultant dihaploids (10). Although the 
average yield losses of the dihaploids compared to the 
parental lines were small (11 and 157 kg ha-l for the MD 
609 and MD 341 dihaploids. respectively), these 
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reductions are still smaller than the 517 and 423 kg ha-l 
losses observed for dihaploids from flue-cured cultivars 
Coker 139 and NC 95, respectively (25). 

In recent years, researchers have suggested several 
theories to explain the reduced performance [primarily yield) 
of anther-derived dihaploids. Those theories include the 
presence of residual heterozvgosity in the original cultivars 
(10); genetic differentiation-between dihaploids and their 
source cultivars due to changes in nuclear rather than 
cvtoplasmic factors (3); the possibility that the present 
dihaploid production technique mav be mutagenic (1); and 
amplification of DNA sequences du&g dihaploid formation 
(11). However. Reed & Wemsman (25) suggested that DNA 
amplification and yield losses are not strongly correlated. 
More recently, Reed et al. (24) suggested that there may be 
some specificity to the DNA amplification that occurs as a 
result of anther culture in tobacco. 

The small reduction in performance of anther-derived 
dihaploids in two Maryland tobacco populations suggests 
that anther culture could be a viable technique for 
developing homozygous genetic material. However, 
Kaspcrbauer et al. (18) suggested that differences detected 
among doubled haploid lines may be due to somatic 
mutations in the hap&d plant or genetic changes induced by 
in-vitro culture. Therefore, doubled haploids should bc 
evaluated before they are used for further studies. 
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