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CHAPTER I 

INTRODUCTION 

The peanut is recognized as one of the important legume crops of 

the world. Though the peanut is a tropical c;rop, its cultivation ex

tends over vast areas of the tropical, sub-tropical, and temperate 

regions. 

Superior peanut varieties are being developed by employing various 

plant breeding techniques, with hybridization considered to be the more 

promising method for improvement~ Large numbers of hybrids are required 

to provide reasonable chances of obtaining superior agronomic types. 

However, because of the peculic;1r habit of the peanut, the number of hy

brids which can be obtained is limited by the available crossing tech

niques. 

Pec;1nut flowers are borne on inflorescences in the leaf axils, 

either above or below the ground. In a mature flower the stigma usually 

lies buried among the dehisced anthers in the tightly closed keel. The 

anthers ripen during the night and usually dehisce before dawn (14). 

The gynophore or peg, which deve I opes into a fruit, is an outgrowth of 

the ovary, and is positively geotropic. Peg growth begins immediately 

after fertilization. Each peg bears two to six ovules near the tip, 

depending on the variety. Pegs more than 15 cm. above the soil surface 

usually fail to reach the ground and the fruit do not develop. 

Each successful pollination usually provides no more than two seeds. 
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The tedious hybridization technique requires much time and exact timing 

for performing these operations is critical. The percentage of hand 

cross pollinations which result in fertilizations varies widely, ranging 

from 1 to 75 percent (29). Thus, the produc;tion of individual hybrids 

is comparatively low. Improvements in breeding techniques could greatly 

aid the peanut improvement program. The purpose· of these studies was 

to obtain .information to .jmprove peanut breeding techhiques. Hybridiza

tion techniques, pollen fer ti 1 i ty, and methods of peg culture were 

studied. 



, CHAPTER II 

REVIEW OF LITERATURE 

The earliest peanut breeding work was reported by Van der Stok in 

1910 (32). He made piant selections in several local and introduc;ed 

varieties. He stated that the structure of the peanut flower necessi ... 

tates self .. pollination and that natural outcrosses occ1..1r rarely. We 

know now that some natural crossing by wild bees takes place (8). Van 

der Stok~s artificial cross-pol.lination tec;hriique consisted of two sep

arate operations: remova 1 of the. intact anther sacs from the f 1 ower 

buds {emasculation) during the late evenirig of the day preceding bloom

ing and application of pollen from a mall:i parent (pollination) early the 

following morning. Some modified cross ... pollination techniques and dif .. 

ferent percentages of fer ti 1 i zati on in peanuts have been reported by 

several othe.r peanut breeders ( 1, 29, 31, 24). Environmental conditions 

s.uch as humidity and temperature were indicated as being important fac

tors whic;h influenced the percentqge of successful fertilizations {25, 

10, 27). Schultz (27) reported that placing the plants in a simple 

moist chamber immediately after pollination, effectively increased fer

tilization from 62 to 84 percent. His moist chamber c;onshted of mois

tened cheesec 1 oth construe tec:I on a greenhouse bench. 

The viability of pollen is an important factor when hybridizating 

peanuts. lmportant factors influencing the germination of pollen in

cl1..1de water, sugar, boron, and calclum. An analysis of the stigmatic 

3 
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extract of Nymphaea by S~hmucker Laccording to Vasi 1 (3317 showed ap ... 

preciable quantities of boric acid. He four,d that the addition of boric 

acid to the pollen culture medium not only improved germination, it also 

stim1,1hted elongation of the pollen tubes. In a series of biochemical 

s.tuc:lies on pollen and plant extracts and on conventional growth consti

tuents, Brewbaker and Kwack ( 5) found that ca lei um is an important 

growth promoting constituen~. of the pollen tube. Autoradiographic 

studies of po.1 len tubes grown in the presence of calcium 45 revealed 

that calcium was taken up almost exclusively in or on the pollen wall 

( 4). 

Oakes ( 22) found 8 to 10 percent sucrose to be optimum for the 

germination of peanut pollen. Later, Vasi 1 (33) found :t.hat pollen ger

minat.ion percentage and tube l~ngths could be highly increased by add

ing 0.01 percent boric acid. 

Peanut pollen viability studies have been made by several workers 

(22, 10, 33, 16). Oakes (22) found significant differences in pollen 

.viability when pollen collections were made at different stages of phy

siological development. Pollen viability increased from. 3;00 to 5:00 

a.m., remained about the same from 5:00 to 7:00 a.m., and gradually de

creased from 7:00 to 9:00 a.m. De Beer ( 10) used 8 percent sucrose with 

1 percent shredded agar as·.a pollen culture medium,· He found th.at the 

pollen germination percentages and tube lengths of pollen collected 

from the same plant in a greenhouse varied considerably throughout the 

day. In his· study, the pollen germination decreased from 35 percent 

15 .minutes after daybreak to 3 percent, 10 hours later. The maximum 

lengths of the pollen tubes were 1660).l when germination took place 

shortly after daybreak, and 99gkl, 49~, 83},I, when germination occ~rred 
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4, 7, or 10 hours later, respectively. His study indicated that pollen 

germination and tube lensths were high at the beginning of anthesis and 

decreased rapidly with time. Jorhi and Vasil (18) reported that maxi-

. mum peanut pollen germination was 27 percent in 10 percent sucrose-agar 

with 0.01 percent boric acid. One hour and 55 minutes after sowing the 

pollen grains, the pollen tubes had reached a maximum length of 468~. 

The viability of pollen of most plants decreases in storage. 

Oakes (22) found that the viability of peanut pollen collected at 7:00 

a.m. could be retained for eight days and that collected at 3:00 a.m., 

5:00 a.m., and 9:00 a.m. for six days, when whole flowers were stored in 
0 

open vials placed in desiccators over calcium chloride at 45 F. Bal .. 

laux (2) reported that peanut pollen could be stored by placing the 

flower on a watc;h-glass in a refrigerator at a temperature of 2° C. and 

a re 1 ative humidity of 45 to 50 percent for more than 40 days with on 1 y 

a gradual loss in viability. 

The time and duration that stigmas are receptive to pollen are 

factors that plant breeders must consider. 

Hassan and Srivastava ( 16) reported that peanut stigmas were re-

ceptive to pollen from 24 hours before to 12 hours after the flowers 

opened. 

The study of pollen germination on stigmas and tube growth in the 

styles of plants have been important in determining cross compatibili-

ties ~ithin and among varieties and species. Various techniques have 

been used for these studies which involve the staining of microtome 

sections and squashes. Some of the methods that have been successful 

on other plants are as follows: Acid fuchsin-light green-with pectinase 

on Physalis (23) and without pectinase on Datura (6); Lacmoid-martius 
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yellow in pomaceous plants (21); Acetocarmine-magenta for the pistils 

of plants with central canals(?); Safranin O and aniline blue on So

lanum and several other genera (11); Lactophenol-cotton blue was re

ported to be successful on 36 plant species (9). The fluorescence 

method of staining pollen tubes in tomato styles by Martin (20) de

pends on the occurrence of callose, a polysaccharide, which lines and 

plugs pollen grains and pollen tubes. Cal lose in living or dead tissue 

can be stained selectively with water soluble aniline blue and similar 

dyes which fluoresce in ultraviolet light. Martin's technique is sum

marized as follows: Dissected entire styles were fixed for 24 hours in 

FAA then cleared and softened in a strong ('.:' 8 N) sodium hydroxide 

solution. Staining was accomplished in a 0.1 percent solution of water 

soluble aniline blue dye dissolved in O.JN potassium hypophosphate. 

The styles were mounted in a few drops of the staining medium on clean 

slides and cover slips were applied. Observations were made by ultra

violet microscopy with an approximate wave length of 356 1¥1• Under 

these conditions the callose in the pollen tubes fluoresces bright yel

low to yellow-green, whereas the background tissue fluoresces pale gray 

or blue. Oakes (22) used paraffin sections cut with a rotary microtome 

to study pollen tube growth in peanut styles. The sections were stained 

in percent acid fuchsin and mounted in Canada balsam. 

In the study of chromosome number and morphology, treatment with 

chemicals such c;1s colchicine and acenaphthene are usually employed to 

accumulate metaphase figures and to aid in chromosome separation. In 

a study of chromosome morphology, Storey and Mann (30) introduced a 

selective herbicide IPC (o-Isopropyl-N-Phenlycarbamate) which caused 

contraction of chromosomes in the prophase, metaphase, and anaphase 
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stages of mitosis. They found IPC to be effective on the chromoirnmes 

of root tips of several species which included a member of the legumino

sae family. However., no work has been reported on using IPC to contract 

the chromosomes during mi to tic divisions of pol Jen in vitro. 

A peculiar feature of peanut pl ants is the fruits that are pro

duced underground by pegs which grow into the soil. Hassan and 

Srivastova (16) found that under natural conditions., the pegs were 

visible from 3 to 7 days and entered the soi I 5 to 8 days after the 

flowers opened. The pegs began to swel 1 10 to 20 days after blooming. 

On the 40th day., the fleshiness of the pods decreased considerc;1bly at 

the basal end but were still fleshy at the apical end. An air-space 

developed between the seed (ovule) and the shell and faint pigmentation 

enyeloped the entire seed by the 50th day after flowering. The early 

varieties were mature on the 60th day after b 1 oomi ng. 

Little work has been done on trying to culture peanut pegs. Harris 

( 15) achieved some success in growing individual pods in glass test 

tubes by wrapping the pegs with cheesecloth or glass cloth soaked in 

distilled water saturated with calcium sulfate and 0.2 ppm of boron. 

The wrapped pegs were inserted into the tube containing 2 ml. of dis-

ti 1 led water and light was excluded with aluminum foil. 



CHAPTER II I 

MATERIALS AND METHODS 

Hybridization Tee hni ques 

Seeds of Argentine, Starr, Dixie Spanish, and 11 Kri nk le 11 Spanish . 

were phnted in forty lO~inch clay pots. Twenty pots of each consisting 

of 5 pots for each variety, were grown in a greenhouse bench and in a 

growth chamber in a randomized design •. Each pot contained one plant. 

The growth chamber conditions consisted of a 12 hour day (9:00 a.m. 

-9;00 p.m.) with 82° F. and 76% relative humidity and a 12 hour night 

(9:00 p.m. - 9:00 a.m.) with 68° F. and 66% relative humidity. 

Temperature in the greenhouse was not accurately control led but 

genera 11 y ranged around ao 0 - 85° F. during the day and night. Hurni di ty 

was not controlled and was variable. 

Hybridization studies were conducted both in the greenhouse and 

growth chamber. The 11 Krinkle11 Spanish variety was l,!sed as the pollen 

parent while Argentine, Starr, and Dixie Spanish varieties were used 

as female parents. By using the dominant mutant 11 krinkle11 character, 

hybrids resulting from the pollinations were easily detected as seed

lings. 

The following crossing techniques were tried: 

1. Conventional pollination method 

A modified Van der Stok method of crossing was used. A 11 

of the flowers were removed from the inflorescences except the 

8 
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ones to be hand pollinated. The flowers were emasculated be- · 

tween 7:00 and 9:00 p.m. by removing the anthers with forceps. 

Po11inations were made the. fol lowing morning between 6:30 and 

8:00 a.m. in the greenhouse, anq between 9:00 and 10:00 i:l.m. 

in the growth chamber. The cross-po1 linated flowers were 

labelled with small tag,s attached by a thread. These tags 

were 1 ater transferred to the pegs. 

2. Clipped. ~tyle method 

Instead of removing the anthers individually with forceps, 

parts of the flowers were cut with a sharp knife and removed. 

The style stumps were pollinated the same day between 6:30 and 

7:30 a.m. in the greenhow~e, ahd 9:00 to 10:00 a.m. in the 

growth chamber. These flowers were label led in the same way 

as in the conventional method. 

Four positions {rig. I) for cutting of the flower were 

chosen and pollinadons were made with and without the addition 

of a pollen culture medium to the style stumps. 

The pollen culture medium containing 8 percent sucrose 

with 1 percent agar and 0.01 percent boron was applied as a 

sma11 drop with a pipette on the cut surface of the styles. 

Emerging pegs one week after po 11 i nation were noted and 

recorded. The putative hybrid seeds were planted after harvest

ing the mature pods. The seedlings which showed krinkle leaf

lets, indicated successes and were recorded. 



------------8 
7---~----
8 - - - - - -· - -· -

- ---- .... ·- -c 

'l- - - -

--- - --~-- ---D 

Figure I. A longitudinal View of a Peanut Flower. 
1. standard; 2. wing; 3. stigma; 4. 
anthers; 5. keel; 6. calyx; 7. style; 
8. hypanthium (calyx tube); 9. bracts; 
10. ovary. 
A. clipped at the fusion point of the 

stamina] column; 
B. clipped under the coralla; 
c. clipped at the mid length of the 

calyx tube; 
D. clipped at the base of the calyx 

tube. 

10 
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Pollen Fertility Studies 
; 

1. Staining pollen tubes within the styles 

Several published methods and modifications for studying 

polleri tubes in the styles were attempted. These methods in-

.eluded Acid fuchsin-light green-with pectinase, Lacmoid-

mar ti us ye 11 ow, Acetocarmi ne, A~etocarmi ne-magenta, Lacmoi d, 

Scilfranin 0-ani line blue, Lactophenol-cotton blue, lodine, Acid 

fuchsin-light green, and Martin's fluorescent method. 

The peanut pistils studied by Martin's fluorescen~e method 

~re co 11 ec ted in the greenhouse around J :00 to 4 :00 p.m. and 

placed immediately in a killing ,solution .composed.of 1 part 

formalin, 8 parts 80 percent alcohol and 1 part glacial acetic 

acid. Pistils were left in this solution for 24 hours or 

more. Afterward they were rinsed fo tap water and softened 8 

hours in 8 N sodium hydroxide~ The styles were dissected from 

the pistils. The rest of the procedure followed Martin (20) 

as previous 1 y described. 

Observations were madj with a Zeiss Fluorescence Micro-

scope employing a UG-5 Exciter filter and 41 and -65 barrier 

fl lters using a dark field condensor and a 250 HBO mercury 

burner. The Ug-5 fi 1 ter removes wave lengths between 420 and 

680 ~· The combination 41 and -65 filters pass thi.s spectrum. 

2. Pollen tube cultures 

In an effort to germinate peanut pollen, the fol lowing 

.culture media were tried: 10 percent sucrose with 0.01 per-

cent Boron both with cmd without agar, or with ge 1 ati n, and 
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the medium described by Brewbaker. Brewbaker•s medium con

sisted of 10 percent sucrose., 100 ppm boric acid., 300 ppm ca1-

cium nitrate., 200 ppm magnesium sulfate, 100 ppm potassium ni

trate disso1ved in deionized water. For the study of mitosis 

in.the cu1tured po11en tubes, 0.1 percentco1chicine., and 50., 

100., and 200 ppm of IPC were added to Brewbaker•s medium. 

· Acenaphthene were also tried. 

Po11en germination and tube growth studies were made by 

the fo11owing methods: the hanging drop method., mi 1 lipore mem

brane method (17)., co1lodion membrance method (26)., and the 

f 1 oati ng ce 11 ophane method. Squares of ce 11 ophane ( 2 X 2 cm) 

were wet in the above media and the excess was removedby b1ot-

. ting. Squares were floated on a Jarge drop of the media in 

petri dishes. Po11en co11ected.in the greenhouse from 7:00 to 

8 :00 a.m. was dl,!S ted on the exposed surface of the ce 11 ophane. 

Petri dish )ids were Jined with .wet b1otting paper to form 

moist germination chambers •. The cultures were incubated at 

room temperature on a table top under ordinc;1ry room i 11umina

ting, The po11en was c;111owed to germinate for at )east 2 hours 

before counts were made to determine germinatihg percentage. 

Po11en tube 1engths were measured with an ocular micrometer. 

The ten 1ongest tubes were measured and recorded. Cytological 

st1,1dies of mitotic divisions were made on the pol1en grains 

that were fixed at hour1y intervals during a 12 hour period. 

Fina) fixation was made 24 hours after culturing. Fcir study

ing nuc 1ear divisions in pollen grains, microscopic observa

tions were made by transferring the squares onto s1ides. 
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Fixation was accomp1ished by adding one to two drops of acetic .. 

alcohol ( 1 :3) on the squares. Po11en grains and tubes on the 

squares were s.tai ned with acetocarmi ne and covered with a 

cover s 1 i p. 

Peg Cu1ture Studies 

Attempts were made to cu1ture pegs both in vitro and on the p1ants. 

Methods.for culturing were as fo11ows: 

1. In vitro 

A. Sections approximate1y 2 cm long were cut from the tip of 

young pegs on plants which were used for the crossing experi

ments i.r1 the greenhouse. The pegs were steri.lized by soaking 

for 3 min1Jtes in. 1 percent ch1orox, rinsed in steri1ized dis

tilled water and transferred under a ultravio1et light hood to 

autoclaved petri dishes, or test tubes, containing a sterile 

modified White's medium ( 12). The containers were then placed 

in a dark cabinet at room temperature. 

One peg each in thirty vials and two pegs each in twenty 

petri di shes were cultured. The pegs were observed peri odi

cal ly to ascertain if growth took pJace. Fina1 observations 

were made after 45 days. 

B. Sections approximate 1 y 4 - 7 cm 1 ong from young pegs were 

cut from the pl ants and steri 1 i zed as above. The cut ends of 

_sterilized pegs were placed in vials containing sterile modi

fied White•s medium by inserting them through a hole in the 

center of a cork. The corks were sealed aseptically to pre

vent contamination. The operation was conducted under a 
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ultraviolet. light hood. The tips of the pegs were covered with 

soil by supporting the vials on a rack. 

Twenty-four pegs were cultured. Final examination was 

made after 60 days (Fig. 2). 

2. Culturing pegs on plants 

Pegs were inserted into small polyethylene bags containing 

either soil, peat, or a mixture of peat-perlite (1:)). Prelim

inary trials had indicated that darkness was necessary to stop 

peg e 1 ongati on (Fig. J). Therefore the bags were wrapped with 

aluminum foil to exclude light Md were tied with wire to seal 

the top. The growing media were moistened periodically by 

pouring water through a drinking straw which was inserted in 

the bag (Fig. 4). 

Pegs were examined after 28 days to determine if fruits 

had developed. 
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Figure 2. Method of Insection of Pegs in Bottles with 
Modified White's Medium, (Pegs had 
failed to grow after one and a half 
months.) 

15 



Figure 3. Peg Cultured in Soil in a Smalt Plastic Bag 
Without Excluding the Light. (Note the 
peg growing through the plastic bag.) 

Fig.ure 4. Pegs Cultured in Soi 1 Medium on a Plant. 

16 



CHAPTER IV 

RESULTS AND DISCijSSION. 

Hybri di zati on Techni q\.les 

Results of the cross-pollination studies are shown in Tab1e I. 

The .percentages of hrti 1izations were calcu1ated by dividing the number 

of flowers-by the number of pegs. Thirteen F, krink]e .. leaf plants from 

the growth chamber test and two from the,greenhouse test.were obtained 

from 30 putative hybrid seedlings. During the test many tag,s were lost 

because the strings had rottec;I, therefore, the percent hybrids obtained 

was much less than the number of pegs produced. Since the n1,1mber of 

opening flowers was variable and because the time in conducting emascu-

lations and pol Ji nations was .limited, it was impossible to mak~ the 

s_ame numbers of crosses on a given day and under both co,ndi ti ons. 
. . 

TherefQre, the analysis of variance depended on the success va1ues of 

·percentage of fertilization (Tab1e II). The F va1ue shows that there 

was np significant difference in the results obtained under the two en-

vi ronmental conditions. However, the percentage of fer ti 1i zati on was 

more variab1e in the greenhouse than in the growth chamber. Exact rea-

sons for the differences are not known but differences in temperature, 

humidity, and light between the two conditions are probab1y involved. 

De Bee;i;.-:reported that t:he .later in the day that po11en sampling took 

p1ace, the tower the po11en viability, the higher the temperature during 

i11uminatfon, the quicker the viabi1ity decreased, and the behavio1.1r of 

17 



TABLE I 

RESULTS OF FERTILIZATION IN THE GREENHO~SE ANO GROWTH CHAMBER 

Greenhouse Conditions Growth Chamber 

Date of Po11 in~ti 6ns Percent Pol 1 i nations Percent 
Crossing Attempted Fertilizations Ferti1izatioh Attempted. · Fer ti Ji zati ons Fer ti 1i zati on 

July 11 14 8 57. 1 48 18 37.5 

July 28 14 5 35.7 19 6 31.6 

August 11 30 3 10.0 53 23 43.4 

August 18 12 2 16.7 26 12 46.2 

Wt .. Average 25.7 40.4 

CX> 



pollen was main1y dependent on tempe.rature conditions 36 to 96 hours 

preceding the actua1 opening of \the f1owers. Fortanier ( 13} reported 

that peanut f]ower:; open a few minutes after i 1 ]umination begins, but 

the time of opening depends a1so on the i1lumination that the peanut 

p1ants: were exposed to three days previous 1 y. Simi 1 ar results were 

obtajneg in these experiments. After the plants were moved from the 

gr~enhouse tothe growth chamber, th4i!! time of opening of the f1owers 

c:hanged from the normal opening time around 6:00 a.m. to immediately 

after 9:00 a.m~ three days 1ater~ 

Total 

TABLE II · 

ANALYSIS OF VARIANCE FOR P~RCENTAGE OF. FERTILIZATION IN A 
COMPP,RISON OF GREENHOlJSE AND GROWTH CHAMBER CONDITION -

Ana1ysis of Variance 

d,f. S.S. M~S. 

7 

F. 

19 

· Treatment 

1664.43575 

191.2968 

1473.13895 

191.2968 

245.52315 

o. 77913 

Errc:,r 6 

F,05 - 5.99 

The resu1ts of the c1ipped-sty1e po11ination method conducted under 

.both conditions wit:h several .treatments are shown in Tab1e II.I. No peg:5 

were produced from any of these treatments. These res.ul ts suggest that 

the c1ipped .. style method wi11 have littJe value in peanut hybri~:lization 

techn.i ques. 

The stigmatic ce11s were noted to secrete apprec:iab1e amounts of 

an oi1y flt.tid which'probably stimulates pollen germination and growth 



TABLE III 

RESU~ TS OF HYBRIDIZATION AITEMPTS BY USING CLIPPED STYLE 
METHOD ON FOUR POSITIONS OF THE FLOWER WITH AND 

WITHOUT CULTURE MEDIA ON THE STYLE STUMPS 

Growth 
Chamber 

20 

Date of 
Crossing Treatment 

Greenhouse 
Condition 

Pollinations 
Attempted 

Pollinations 
Attempted 

July 10 A (Without Medium) 5 6 
B ( II II ) 15 8 
c ( II II ) 5 5 
D ( II II ) 10 6 

July 12 A ( II II ) 5 5 
B ( II II ) 5 5 
c ( II II ) 5 5 
D ( II II ) 5 5 

Ju 1 y 13 A ( II II ) 10 3 
B ( II II ) 9 5 
c ( II II ) 9 8 
D ( II II ) 5 5 

July 14 A (With Medium) 8 9 
B ( II II ) 10 9 
c ( II II ) 6 12 
D ( II II ) 8 6 

July 16 A ( 11 11 ) 10 9 
B ( II II ) 10 12 
c ( II II ) 7 4 
D ( II II ) 12 3 
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in the style (.28). 

The failure to achieve pegs following the clipped-style po,llination 

technique might be due to the lack C!>f a specific stimu.lation.due to the 

removal of the stigma.even thpughoa pollen c1.1lture medium was applied 

on the exposed surface of the resu 1 ting stump. 

Be~ause the stigma of the peanut flowers, like any legume, is pro

tectively enclosed in the keel, the stumps resulting from clipping the 

style were exposed to atmospheric conditions. Dehydration of the stumps 

was observed. Thus, pollen germination may have been retarded. The 

anatomy of the peanut flower is such that measures to prevent this con

dition were considered to be impractical. Microscopic examinations of 

the stumps were not made to ascertain if pol Jen germination did occur. 

Future investigations should look at this aspect. 

Pol Jen Fertility St.udies 

1. Staining pollen tubes within the style 

Al 1 of the staining methods tried al lowed for the obs.erva

ti on of the pol Jen tubes only on the stigmatic surface or for 

a very short distance within the stigmatic branch (Fig. 5). 

Since tne stylar tiss1.1es were als.o staine~f, these methods were 

inadequate for tracing the pollen tubes. The pollen tubes 

could be identified only by their small diameter and the ab

sence of cross walls. Figure 6 shows that the upper portion 

of the pollen tube bec.ame indistinguishable in the stylar tis.

sue. It was clifficult to stain th~ pollen tubes in the region 

surrounded by epidermal hairs near the tip of the stigma, ex-

. cept by the fluorescence method. The fluoresc:ence method gave 



5 

Figure 5. Stigma and Style Stained in Acid Fuchsin
Light Green. (Note the visibility of 
pollen tubes only a very short distance 
from the end of the stigma.) 

Figure 6. Stigma and Style Stained in Iodine. ( Shows 
that the upper porti on of the pollen tube 
i s obsc ured in the styl e ti ss ue .) 
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good resu1ts. The bright ye11owcaltose in the pollen tubes 

were found to be in contrast to the blue background (Fig. 7). 

Because the pollen tubes are lined with and have irregularly 

s.paced col Jose plugs, the entire 1eng;ths of the pollen tubes 

were visib1e in the sty1es. However, the intensity of fluo

rescence under the ultravio1et light decreased with time with

in a few minutes., so it was difficult to photograph or observe 

for a Jong period of time. 

· 2. Growing pollen tubes in culture 

In this study., ;33 percent germination was obtained with the 

medium containing 10 percent sucrose with 0.01 percent boric 

acid with the longest tube length being 1010u. Low germina

tion and short tube length were nearly always noticed in the 

other media except Brewbaker 1 s. Of the various techniques, 

dusting pollen onto the fluid drop of the medium was the easiest 

method, but the pol ten sank and poor germination often occurred. 

In order to avoid this problem,] percent agar was added to the 

medium but agar increased the difficulty of staining the pollen 

tubes. Peanut pollen did not germinate we11 on the millipore 

membrane with the above agar medium. Savage's collodion mem

brane technique was unsuccessful because the membrane formed 

was somewhat corrugated and po 1 len sank in the medium, de

creasing the tota1 po11en germination. The Brewbaker 1 s medium 

and the floating cel1ophane method produced significant1y high

er germination of pean1.,1t pollen than other media and methods 

tried. 

The percentages of germination are shown in TablE;! IV. The 



Figure 7. Pollen Tubes in the Style Stained by 
Fluorescence Method. (Staining 
was accomplished in a O. 1% solu
tion of water soluble aniline 
blue dye dissolved in O. I N 
potassium hypophosphate.) 
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average of the ten longest pol Jen tubes measured was 446~. It 

was noticed that the pollen tubes were still growing after 10 

hours except for a few tubes which had burst. Some of the pol-

. Jen tubes were sti 11 growing after 12 hours but al 1 growth had 

ceased by 24 hours. Within 5 hours cultudng, the .gen~rativ:e 

·nucleus had divided and:-tl:le:division increased with time. 

After 6 hours, division of the generative nucleus had occurred 

in the pol Jen grains whether they had germinated or not. Fig. 

8 shows two divided sperm cells prior to moving into the pol-

Jen tube 9 hours after culturing. After 12 hours (Fig. 9) 

·. many mitotic divisions had occurred in the tubes and po 1 len 

Avg. 

grains. After 24 hours, nuclear division could be seen in 

a1most all the tubes ahd grains. 

TABLE IV 

PERCENTAGES OF GERMINATION OF POLLEN GR.AINS ON THE 
BREWBAKER MEDIUM 

Total no. po 1 len No. 1 pol Jen Germination 
grains counted grains germinated percentage 

454 376 82.8 

628 498 79.3 

548 368 67.1 

624 483 77.4 

438 347 79.2 

76.96 

The u~e of colchicine and acenaphthene in the Brewbaker 

medium delayed or inhibited nuclear divisions in the pollen 



F;gure 8. Pollen Gra;ns After Culturing for 9 Hours 
on the Brewbaker Medium. (Note the 2 
sperm nuclei moving to the tube in the 
center grafo. Stained in acetocarmine.) 

Figure 9. Poll~n Grains After Culturing for 12 Hours 
on the Brewbaker Medi um. (Note the 2 sperm 
nuclei in many of the pollen tubes and 
pollen grafos. Stained ;n acetocarmine.) 
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grains $nd tubes. When 50 ppm of lPCwas added to the medium., 

. nuc le.ar division occurred after 5 hours ·Of culturing. By 24 

hours, almost all of the generative nuclei had divided. Most 

of the divisions occ1.1rred in the po,1 len grains. Some irregular 

mitotic divisions were noted. These irregularities included 

the formation of 3 sperm nuclei (Fig. lOA., lOB) and mic.ro

nuclei (Fig. lOC). The addition of 100 ppm of lPC to the 

medium, caused divisions to cc.cur in both the pollen tubes. 

and pollen grains (Fig. llA) and 3 nuclei were observed in 

several grains (Fig. 116). Figure 12 shows 2 sperm n1,1clei 

and the vegetative nucleus 12 hours after treatment, In most 

.cases t_he vegetative nucleus was very difflcult to stain. The 

presence of 3 sperm nuclei in pollen tubes were not observed. 

When 200 ppm IPC was added to the medium, the germination per-

centage and nuclear divisions were inMbited. Irregular di

vis.ions were not found in pollen grains with this medi1,1m. 

Satisfact.ory preparations for studying pean:ut .. : chromo

.somes in pollen grains and tubes were not achieved iii this 

study. The dividing nuclei in all cases showed clumped chro-

mosorne and the determination of their number and morphology was 

impossible. According to Brewbaker (3) peanut po 1 len grains 

are bi nucleate and contain a generative and a vegetative or 

pot len tube nucleus •. :: . The generative ce tl undergoes mi to-. . . 

sis during po11en tube growth and two sperm ce 11 s formed which 

take part in double .fertilization in the embryo sac. There are 

no reports in the liter~ture that sperm formation in peanuts 

occurs in the pollen grains. The formation of three sperm 
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Figure 10. Pollen Grains After Culturing for 24 Hours 
on the Brewbaker Medium with 50 ppm IPC. 
(Stained in acetocarmine. 
A. Note the 3 sperm nuclei. 
B. Note the micronuclei. 
C. Note the micronucleus.) 
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Figure 11. Pollen Grains After Culturing for 24 Hours 
on the Brewbaker Medium with 100 ppm IPC. 
( A. Shows the division of the genera

tive nucleus occurring in pollen 
tubes and pollen grains. 

B. Note the 3 sperm nuclei. Stained 
in acetocarmine.) 
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Figure 12. Pollen Grains 12 Hours After Culturing on 
the Brewbaker Medium with 100 ppm IPC. 
(Note the 2 sperm nuclei and vegetative 
nucleus. Stained in acetocarmine.) 

Figure 13. A Peanut Peg Cultured in a Modified White's 
Medium for 53 Days. (No growth of the 
peg was apparent.) 

31 
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nuclei in the pollen grains in this study is abnormal. Be

cause the chromosomes were not distinct, their number in the 

grains and tubes could not be determined. Irregular mitotic 

divisions occurred only when IPC was added to the ct.Jltur'-:l med

ium. IPC is an analogue of phenylurethane, and is one of a 

small number of similar compounds 1,,1sed as selective herbicides. 

This compound was· reported tq be effective in causing contrac

tion and separation of chromosomes in aceto.-c;armine and acetq .. 

orcein squashes. The results here indicate that it can produce 

chromosomc1l abberati ons. 

Peg Culture Studies 

Both methods tried for growing the pegs in vitro (Fig. 13 and 

Fig~ 2) f.ailed to develop fruit •. The failure of fruits to develgp may 

have been due either to the hck of proper constituents in the medium 

. 9r to poor conduction of the medium into the pe$• Perhaps sma11er a ... 

mounts of tissue should have been tried. Bacteria and fungi contamina

tion were also a problem. 

Results of a comparison of the three different media on peg culture 

on the plants are shown in Table V. Pods developed satisfactory in al 1 

of the media tried, Altho1,.1gh the soi 1 medium showed the highest percent 

of success, the analysh of variance (Table VI) did not indicate any 

s.ignificant difference between treatments at the 5 percent level of 

significance. 



Treatment 

·Date 

Dec. 14, 1967 

Dec. 26, 1968 

Wt. A;g •. 

.TABLE V 

J\ COMPARISON Of THE lHREE DIFFERENT ME.DIA FOR PEG CULTURE IN VIVO 

Soi t feat Peat-Per Ute ( 1: 1) 

N-0. No. Pods Percent No. No. Pods Percent No. No~ Pods Percent 
Attempts Formed Success Attempts .Formed Success Attempts Formed Success 

6 6 100 6 6 100 6 .5 83 

12 10 83 12 9 75 12 8 66. 

88 83 72 

\.Al 
\.Al . 
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Treatment 

Error 

TABLE VI 

ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF THE SUCCESS 
. ON DIFFERENT MEDIA· 

d.f. 

5 

2 

3 

· Analysis of Vari~nce 

s.s. 

891. 1019 

300.8796 

590.2223 

M~ s. 

150. 4398 

196.74076 

F,05 ::: 9. 55 
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CHAPTER V 

SUMMARY 

Dudng this study attempts were made to deve1op and improve tech-. 

niques whi.c:h could be used by plant breeder to aid peanut hybridization 

programs. The fqllowi ng results were obtained. 

1. · Hybridization techniques 

A. The conventional method of emasculation and pollination was the 

mo$t successfu1 one tried. 

B:. The technique of clipping the flower at various 1evels to re

move the anther and upper parts of the stigma and style followed 

by pollinating the resulting sty1e stump with and without the 

addition of artificial pollen culture media was completely un

suc.cessful. 

Further i nv1;?sti gati ons are sti 11 needed to improve the crossing 

techntque. 

2. Pollen fertility studies 

A. None of the squash stain methods employed gave very satisfactory 

results except for the fluorescence method. 

B .• The best culture medium tried for germinating peanut pollen and 

growing po11en tube,s c;:onsi sted of 10 percent sucrose, 100 ppm 

boric acid, 300 ppm calcium nitrate, 200 ppm magnesium sulfate, 

and 100 ppm potassium nitrate dissolved in deionized water. The 
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maximum pollen tube length obtained with thh medium was 6256,)J, 

and the mean germination was 77 percent. 

The pollen tubes could be grown in the medium for more· than 12 · 

hours. 

Five ho1.1rs after germination on the medium the generative nu

cleus divide.d to form sperm cells in the pollen grains and tubes. 

C. Colchicine and acenaphthene were ineffective in accumulating 

metaphase figures in cultured pollen tubes and grains. 

D·. Irregular divisions of the generative nuclei occurred when 50 

and lOO ppm IPC was added to the culture medium. Further stud;. 

ies of IP:c should be made to test its possible mutagenic; pro .. 

per ties. 

- E;. In no cases did any of the treatments produce chromosomes tha.t 

were clearly distinct so as to enable counting or st1,.1<;1y of their 

morphology in pollen tubes or grains. 

3~ feg culture 

A. Peanut pegs failed to develop properly when cultured in vitro 

using a modified White's medium. 

B. Pods developed normally when soil, peat and peat-perlite mix

tures were ~pplied to ttie pe~s by smal 1 plastic bags. This 

technique may be usefu 1 to peanut breeders. 

Further studies are needed to develop better and more efficient 

.methods for obtaining li:irger numbers of peanut hybrids. 
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