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Abstract 

This study was designed to study the effects of stage of microspore development and culture medium on 
androgenic response in peanut (Arachishvpogaea L.). Anthers of various developmental stages were cultured 
for 7 days, then fixed and observed cytologically. Three sets of media, involving different basal media, growth
regulators, sucrose levels and glutamine concentrations, were tested. In all experiments, the stage of 
development of the microspores at tile time of culture was highly sign'ficant. Tile early uninucleate micros
pores stage was identified as producing the highest anther response rating. The effect of media was 
nonsignificant in all experiments. However, the stepwise modification of tile media through the course of the 
study resulted in an almost 8 x increase in anther response rating. Numerically, the best media tested was 
N, basal medium wvith I Ing I NAA, 0.1 mg I BA, 5.5 % sucrose, and 3.5 g I glutamine. While no 
haploids were obtained, four-nucleate cells were observed, indicating the potential in peanuts for an 
androgenic response. 

Introduction ed. Therefore, it appears that for all practical pur
poses efficient anther culture procedures are still 

Haploid plants have been of interest to geneticists not available for use with peanuts. 
and plant breeders for many years, but the low Many factors influence androgenesis, including
frequencies of spontaneous and induced haploids plant genotype, physiological state of the parent
have limited their use In vitro anther culture plant, pollen stage, pretreatment of flower buds, 
techniques have enabled the production of large and culture medium [5]. The current study was 
numbers of haploid plants, however, such techni- designed to test the effects of two of these factors, 
ques have not yet been developed for many microspore nuclear stage at the time of culture and 
agronomnically important crop species, culturing medium, on androgenic response in pea-

Production of haploids of Arachis hvpogaea L. nut. 
(2n = 4x = 40) would allow peanut breeders to 
release lines more quickly and screen for resistance 
to diseases more efficiently. The only successful Materials and methods 
production of haploids of A. hypogaea was report
ed by Bajaj et al. [1,2]: however, tile frequency at Plants of a small-seeded virginia-type peanut, PI 
which haploids were obtained was not given in that 109839, were grown in a walk-in chamber of the 
report nor have any follow-up studies been report- Southeastern Plant Environmental Laboratory 
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Phytotron. Plants received 9h of high intensity,
cool white fluorescent and incandescent light. The 
chamber temperature was and30'C day 26°C 
night. Flower buds were collected from plants
during the first 4 weeks of llowering and surface 
sterilized in 70 "oethanol for 30 s. followed by I 
sodium hypochlorite for 2.5min. They were then 
rinsed twice in sterile water. Anthers were excised 
from buds with the aid of' stereomicroscope. The 
four round anthers were discarded. One of the four 
oblong anthers in each bud was squashed in pro-
pionic carmine, and used to determine the stage of 
microspore development for the other anthers in 
that bud. The remaining oblong anthers were 
placed into culture. The culttiures were placed in a
250C' incubator which was illuminated 13 h per
day. Anthers were cultured for 7 days, then re-
moved from culture and fixed in Carnoy's solution 
(6 parts 95 ethanol:3 parts chloroform:l part
glacial acetic acid). After 24h in fixative, the an-
thers vere transferred to 70 % ethanol. Fixed. cuil-
tured anthers were squ ,shed in propionic carmine 

and examined tinder a light microscope. Observa
tions were made itsto the presence of live versus 
dead cells, equal bintcleate versus normal asymme-
trical binuCleatC ceIs. and multinucleate cells. 

Three media experiments were conducted. In the 
first experiment. six media were tested. These con
sisted of' NIurashige & Skoog's [6] basal meditim 
(MS).N, basal mcdiutim [3]. and modified Heller's 
[4] basal iieditim (171). each with and without
growth reguilators. The growth regulators used in 
this experiment. 4 ng I iindole-3-acetic acid (IAA)

and 2mlI ' kinetin (K). were the same as those 

tised by Bajaj [I]. All six media contained 3('o
stIcrose. were adjusted to pl-I 5.8 and solidified with 
8 g ' agar. The three anthers from an individual 
bUd \\ere placed across the three types of basal 
media withini a group (with versus without growth 
regulators). Buds were alternated between the two 
media grotips. 

The media tested in the second experiment were 
the same itsthose in the first experiment with the 
following exceptions: sucrose was increased to 8 % 
and 5gl gltitamine \as added to all media,
I mgl I -naplithaleneacetic acid (NAA) and 
0.1 mg I 6 -benzylaminiopurine (BA) were used in 
the three media with growth regulators 6gl ' ag-

arose (Type I,Sigma Chemical Company, St. 
Louis. MO. USA') was used in place ofagar in all 
media. The three anthers from a bud were placed 
across basal media and buds were alternatcd bet
wecen the two groups (with and without growth 
regulators) of media. 

The final media experiment involved 9 treat
ments all of which were based on N,, basal media 
vith I mg I NAA and 0. 1mg I BA. Three su

crose levels (3,5.5 and 8 ) were tested in combina
tion with three glutamine levels (3.5, 5.0 and 
6.4 gLI ).All media were solidified with 6 g I ag
arose. Anthers within a bud were placed on media 
composed of three different giutamine levels but the 
same sucrose level. Buds were alternated anong 
sucrose levels. Only buds containing anthers at the 
uninucleate stage of development were used in this 
experiment. 

For the statistical analysis. a variable that incor
porated descriptive notes taken on each cultured 
anther was created. The following exponential 
rating scale was used: 

Four-nucleate cell 
Equal binucleate cell 
Live cell 
Dead or empty spore 

The 

= 8 
= 4 
= 2 
= 0 

frequency of occurrence of each cell type
within an anther was weighted as follows: 

Few cells (1-2) = I 
Several cells (3-5) = 2 
Many cells (> 5) = 3 

The exponential cell rating was multiplied by the 
frequency of that cell type within the anther. The 
four numbers created by this multiplication were 
summed to give one rating for each anther, the 
anther response rating. Analysis of variance was 
performed using the anther reponse ratings. 

Results and discussion 

For the first experiment, analysis of variance re
vealed that media formulation did not have a sig
nificant effect on anther response. However, N, 

'The use of trade names in this publication does not imply endorsement bi tie North Carolina Agriculturat Research Service oflheproducis Iined, nor ih,criticism of sinijlar ones not men tioned. 
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Tihj, I. Mean anther response ratings for peanut anthers cultured on dilferent media. 

Experiment I Experiment 2 Experiment 3 

Media, Mean anther Media' Mean anther Media' Mean anther 
response response response 
rating rating rating 

MS 0.2 MS 1.0 3-3.5 3.7
 
N 0.5 N 
 1.0 3-5.0 2.8 
II 0.3 H 1.5 3-6.4 2.4
 
MS + 0.2 
 MS + 0.7 5.5-3.5 5.9 
N + 0.8 N + 3.1 5.5-5.0 3.9
 
II + 0.6 H + 0.7 
 5.5-6.4 3.4 

8-3.5 1.7 
8-5.0 2.0 
8-6.4 1.0
 

'Media composition -all experiments: MS -Murashige & Skoog's N-N,. -i-modified Heller's based media.
 

Experinment 1: all ,ncdia with 3 ( sucrose: + = 4 ig I IAA, 2tgl I K.
 
Experiment 2: all media with 5g I glutamine and 8 '!( sucrose: + = I mg I NAA. 0.1 mg I BA.
 
Experinment 3: N,, basal nediuin wi ii I mg I N AA and 0. rnil IBA; 3, 5.5. 8 indicate sucrose. 3.5, 5 and 6.4 indicate gl -I
 

glUtamnC. 

basal mediumn had a numerically higher anther res- (P > 0.05). The anther response rating of N6 with 
ponse rating than MS or H media, both with and growth regulators was twice that of the next ranked 
without growth regulators (Table 1). N, with medium (Table I). The nuclear stage of micros
growth regulators was the only medium on which a pores at the time of culture again had a highly
four-nucleate pollen grain was found in a cultured significant (P >0.005) effect on the anther res
anther. Microspore nuclear stage at the time of ponse. Anthers cultured at early and tnid-uninu
culture had a highly significant (P > 0.005) effect on cleate stages were the most responsive (Table 2).
anther response rating. The uninucleate stage was For the third experiment, nuclear stage at the 
greatly superior to the binucleate stage in terms of time of culture was again highly significant
anther response. All four-nucleate and equal binu- (P >0.001). Early uninucleate stage was by far the 
clcate zells that were observed were found in an- best stage to initiate cultures (Table 3). Sucrose was 
thers that contained uninucleate microspores at the a significant (P > 0.05) factor affecling anther res
time of culture. ponse, with a 5.5 % concentration being the most 

The effect of basal media was nonsignificant in favorable sucrose level. Glutamine levels had no 
the second experiment, but the interaction of basal significant effect on anther response. A glutamine
media and growth regolators was significant concentration of 3.5glI resulted in the highest 

Tabl 2. Mean anther response rating for peanut anthers in different stages of deelopment cultured on six tiedia (Experiment 2). 

Stage of development 

Media' PMC Early uni- Mid uui- Late uni- Early bi- Media 
nucleate nucleate nucleate nucleate mean 

MS 4.0 0.4 2.02.0 0.3 1.0 
N 4.0 2.4 1.0 ) 0 1.0 
H( 0 3.6 2.0 2.0 0 1.5 
MS+ 2.0 t0 0 0.8 0 0.7 
N + 1.0 22.0 4.5 0.8 0 3.1 
H + 0 1.0 1.33 0.8 0 0.7 
Stage 1.6 2.9 2.0 1.0 0.1 1.3 

rnean 

Media composition: MS-Murashige & Skoog's. N-Nh, It-modified Heller's basal media: all media with 5gl - ' glutanine and 8% 
sucrose: + -with growth regulators (I ngl ' NAA. 0.1 tgl I BA). 
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Table 3. Mean anther response rating for Four peanut micros-
pore stages cultured on N, basal medium varing in sucose and 
glutamine concentrations. 

Stage Mean' 

PMC 3.6 b 
Early uninucleate 7.6a 
Mid uninucleate 2.0 bc 
Late uninucleate 0.1 c 

'Means that the same letter are not signilicantly different at the 
0.05 probability level, 

anther response rating but was not significantly 
different from other concentrations. The most res-
ponsive medium contained 5.5 % sucrose with 
3.5 % g I I glutamine (Table I). The highest num-
ber of nuclei found in microspores of cultured an-
thers was four, indicating that two divisions had 
occurred. 

The developmental stage of microspores at the 
time of culture has often been cited as an important 
consideration in successful anther culture: its high-
ly significant effect on anther response observed in 
all three experiments of this study emphasizes the 
importance of this factor for peanut anther culture. 
The early uninucleate stage was the most respon
sive stage of microspore development at which to 
initiate cultures and was significantly better than
PMC, mid and late-uninucleate stages. Microspores at the late uninucleate and early binucleate 
stages were found to be very unresponsive. 

stags wre oundtoe vry uresonsve.nut 
Overall, the effect of media was not significant o 

anther culture response; however, numerically 
superior media were identified. In general. N basal, 
medium was the best basal medium tested for 
culture, particularly with the addition of I mg I 
NAA and 0.1 mg I IBA. The use of moderate levels 
(3.5 g l I) ofglutamine and an increased amount of 
sucrose (5.5 %/o) appeared to increase the androgen-
ic response of the anther. Both the appropriate 
microspore stage at tthe time OfCulture and the best 

medium identified in this study differ from those 
found by Bajaj et al. [1,2]. 

Conclusions 

This study was design to study the effects of stage 
of microspore development and culture medium on 
androgenic response in peanut. In all experiments, 
the stage of development of the microspores at the 
time of culture was highly significant, and the early 

uninucleate nlicrospore stage wits identified as pro
ducing tile highest anther response rating. Tile el
feet of media was nonsignificant in all experiments. 

However. the sequential modification of the media 

through tile course of tile study resulted in an 
almost 8 x increase in anther response rating. In 
particular. the percentages of anthers that con
tained four-nucleate cells increased over tile three 

studies. N umerically. the best media tested was N,, 
basal medium with I mg I NAA, 0.1 Ig I BA, 
5.5 % sucrose, and 3.5 g I ' glutamine. 

Whiie the results of this study are lar fron the 
goal of obtaining haploids of A. hvpogaea they 
indicate than an androgenic potential may exist in 
this recalcitrant species. These results may be most 
valuable in providing a protocol by which a low 
level of androgenic response can be obtained in 
peanut. This would enable further studies focuing 
on other important factors, such as genotype, that 
may greatly increase tile number of multinucleate 
tnicrospores and of the number of' divisions per 
microspore. It is hoped that this step-wise ap
proach will eventually lead to the development ofa 
regime for the production of haploid peanuts. 
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