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sequence of development: ms6 was nearly the same as the fertile anthers, ms8 had considerable
variation in development and ms7 had very stable development. There is no cross fertility apparent in
any of the 18 male sterile mutants studied except Compana ms18, and therefore no indications of self
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ABSTRACT

Pollen from sterile plants of 18 of the 19 numbered male sterile 

mutants in barley was stained with three different stains: TTC, aceto-

carmine and IKI. Differences in the staining ability of the pollen from 

these mutants were noted and the mutants were grouped into four categories 

on the basis of seed setting capacity, TTC stainability and the appearance 

of the pollen and anthers. Sterile anthers were found to be generally 

shorter and narrower than fertile anthers. There is little correlation 

between anther size and the four categories established. Sterile anthers 

of three different mutants were collected, sectioned and observations 

made on the development of these anthers. Each mutant had a different 

sequence of development: ms6 was nearly the same as the fertile anthers,

ms8 had considerable variation in development and ms7 had very stable 

development. There is no cross fertility apparent in any of the 18 male 

sterile mutants studied except Compana ms18, and therefore no indications 

of self incompatibility within these mutants. Three fertile varieties 

were studied under three shading levels. Despite interactions within and 

between the different runs, there were significant differences between 

shading levels, and indications that increased shading causes a decrease 

in fertility in these varieties.



INTRODUCTION

Since the first reports of the presence of genetic male sterile mutants, 

in barley, these mutants have become increasingly important as a tool of the 

geneticist and the plant breeder. The primary use of these mutants has been 

to facilitate crossing by eliminating emasculation. However, increasing 

attention has been drawn to the use of these mutants to produce the female 

parent for the production of hybrid barley.

Because of the increased emphasis placed on these mutants, it is imper

ative that we gain as much knowledge of them as possible. This study will 

present some of the characteristics and behavior of the non-allelic genetic 

male sterile lines which have been found in barley. To accomplish this, the 

study has been divided into the two main categories of male sterile charac

teristics and male sterile behavior. The characteristics of these various 

mutants include (I) data on the stainability of sterile pollen, (2) the 

anther size of several mutants and fertile genotypes and (3) the morphological 

development of anthers from some mutants and from fertile plants. The areas 

of study on behavior of fertility in barley are (I) the ability of pollen 

from certain selected mutants to effect fertilization and (2) the effect of 

shading on pollen stainability and seed set of three fertile barley varieties.

Throughout this study, samples were taken from 18 of the 19 numbered 

mutants of the nonallelic genetic male sterile series. Kindred ms15 has 

been omitted from all portions of this study because of the difficulty in 

selecting sterile plants. Plants of this genotype have early tillers which 

are usually sterile, while late tillers on the same plant are usually 

fertile, Hockett and Eslick (43).



LITERATURE REVIEW

Suneson (SB) was the first investigator to report the presence of 

genetic male sterility in barley. He found this particular mutant to be 

a simple Mendelian recessive, and showed that the male sterile plants were 

self sterile and female fertile. The use of these mutants as the female 

plants in a crossing program, thus eliminating the necessity of emasculation, 

was suggested. In 1944, Riddle and Suneson (72) further described the 

characteristics of some of the male sterile mutants in barley. They 

discussed the length of the fertile period of the female, the degree of 

natural crossing, a comparison of pollenation methods and the relation of 

spike fertility to seed size.

Between the time Suneson first described genetic male sterility in 

barley and the present, there have been 19 mutants which have been given 

a permanent numerical designation, Hockett and.Eslick (43). Of these 19 

mutants, 16 have been shown to be nonallelic. The three mutants which had 

not been completely checked for allelism at this time included ms3, ms11 and 

ms15. Gateway ms3 is believed to be a separate mutant because of its close

linkage with a dwarf character which was not found with any of the other
*

mutants. Atlas x Kindred msI5 has been shown to have considerable self 

fertility. This mutant has been observed by Hockett and Eslick (43) to have 

a higher per cent seed set on late tillers than on early tillers at Bozeman, 

This was also observed at Davis, California. Gateway msII has been shown to 

be allelic with Svalof 50-109 ms!2 (Hockett, unpublished data).
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Hockett and Eslick (43) have also reported two other mutants which are 

partially self fertile. These include Vantage ms9 and Compana ms17. The 

mutant■ms9 has been observed at times to yield greater than 50 per cent seed 

set (Roath9 unpublished data) while Hockett and Eslick (43) reported the ms 17 

genotype to yield one per cent seed set at Bozeman and three per cent at 

Tucson.

Genetic male sterility had been known to exist within various crops 

for several years prior to the observation by Suneson on barley. In 1921, 

Eyster (31) reported Emerson's discovery of male sterile mutants in corn. 

Bateson and Gairdner (5) observed male sterility in flax as early as 1918. 

Genetic male sterility has also been reported by several workers to occur 

in rice, tobacco, sunflowers, onions, eggplant, carrots and beets (36, 44,

68 and 69).

One other type of male sterility which occurs it} agronomic crops has 

been termed cytoplasmic male sterility by Jain (44). This type of sterility 

has been reported in barley, wheat, alfalfa, corn, cotton, tobacco, sorghum, 

tomatoes, beets, onions, flax and orchard grass (20, 2j2, 32, 36, 44, 51, 60,, 

64, 70, 76 and 84). In the case of sugar beets Bliss and Gabelman (9) have 

reported that sterility results from an interaction of two recessive genes 

in sterile cytoplasm.

One of the problems in a study of pollen is the lack of an adequate 

means of determining pollen viability prior to fertilization. One common 

method used to indicate pollen viability is to stain the pollen with various 

materials. Belling (7) proposed the use of iron-aceto-carmine on pollen 

grains, but did not mention its use as a test for pollen viability. Aceto- 

carmine, being a basic dye, will stain such cell materials as chromatin,
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Gurr (38), and is probably the most widely used material for indicating 

pollen viability. Iodide-potassium iodine (IKI) is another such stain and 

will stain starchy substances in the cell, Gurr (38).

In addition to the substances mentioned above, the use of several 

tetrazolium salta as vital stains has come into being in recent years.

Smith (80), in his extensive review of the use of tetrazolium salts, states 

that the material was first prepared by Pechmann in 1894. The action of 

tetrazolium has been described by several workers (38, 39 and 80). This 

action is diagrammed by Gurr (38) as follows:

TTC (colorless) Formazon (Red)

Hauser and Morrison (39) indicated that the reduction of succinate to 

fumarate (which is part of the TCA cycle) could supply the needed electrons 

for the reduction of TTC. Smith (81) described this reaction as being 

catalyzed in corn embryos by numerous substances, including diphosphopyridine 

nucleotide-linked dehydrogenases, particularly in malic acid and alcohol 

systems. Also, aerobic dehydrogenase and milk xanthine oxidase were able to 

catalyze the reaction. Mattson, Jensen and Butcher (59) also suggested that 

pyridine nucleotide dehydrogenase would catalyze this reaction.

In 1953, Oberle and Watson (63) used TTC on pollen of peaches, pears,
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apples and grapes and found some pollen sterile varieties with TTC stainable 

pollen. However, these varieties had pollen which did not germinate or had 

little germination on artificial media. They concluded that TTC had little 

value as an indicator of pollen viability in this case. Hecker'(40) tested 

eight different tetrazolium salts and had the best results with 3(4,5-dimeth~ 

ylthiozolyl 1-2)2,5-diphenyltetrazolium bromide (MTT). He obtained 

acceptable results with TTC. Aslam, Brown and Kahel (3) tested seven 

different tetrazolium salts on cotton pollen. These were TTC, tetrazolium 

red, potassium tellurite, tetrazolium blue, tetrazolium violet, ^neotetrazolium 

chloride, 2p-iodophenyl-3p-nitrophenyl-5-phenyltetrazolium chloride and 

2p-iodophenyl-3p nitrophenyI-5-pheny!tetrazolium chloride-2,3-5 triphenyl 

tetrazolium chloride. Of these different salts, only TTC and tetrazolium red 

gave satisfactory differentiation between stained and unstained pollen.

They state that a four per cent solution of TTC was the most effective. 

Sarvella (74) found that tetrazolium red reacted faster than did TTC. She 

obtained maximum .differential staining after One hour. Norton (62) found 

that out of 12 salts tested, 3(4,5-dimethylthiazolyl 1-2)2,5-diphenyl

tetrazolium bromide (MTT) gave the best correlation between the number of ■ 

stained pollen grains and the number of pollen grains which germinated on 

artificial media. Pollen in TTC had a significantly higher per cent of 

stained pollen grains than the number of pollen grains which germinated on 

artificial media.

Some questions as to the use of pollen germination and pollen stain- 

ability as viability tests exist. In tomatoes, Dempsey (24) observed that 

the pollen tubes grow regardless of the age of the pollen, and also that 

pollen tubes grow in flowers which are too old for fertilization. He
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concluded that the methods commonly used to evaluate pollen viability, i.e. 

staining and pollen germination, may predict growth in the style but do-not 

always predict seed setting ability. Oberle and Watson (63) doubted the 

value -of TTC as an indicator of pollen viability. Hecker (40) noted the 

per cent of pollen grains which were stained by the several tetrazolium 

salts used was less than the per cent of pollen germination obtained on 

artificial media. He believed that all viable pollen was not germinated. 

King (54) states that because of their nonvital nature, aceto-carmine and 

IKI may only be indicators of pollen maturity, and therefore could not be 

■used effectively as indicators of pollen viability. Neilson (61), when 

describing the breeding behavior in a natural agroelymus hybrid, used aceto- 

carmine and IKI to test pollen viability. He doubts that the high per cent 

of staining obtained with TKI would be a true representation of the amount 

of viable pollen.

Esau (30) states that many plants release pollen by dehiscence or 

spontarieous opening of the anther sacs. She terms this•opening a stomimum. 

Bergal and Clemencet (8) found pollen dehispence in barley to occur con-, 

currently with filament elongation. They also observed the stomium in 

barley anthers to be at the top of the anther sacs, and that barley anthers 

have four lobes and are generally two To three-millimeters long. Singh and 

Kaul (78) observed that anthers of male sterile mutants tend to be smaller 

than those of fertile anthers.

Bonnett (10, 11 and 12) and Hector (41) describe two general phases of 

development in barley; first, the internodes remain shortened and the 

growing point only produces leaf initials; and later, the stem internodes
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■ elongate and the spike goes through its development. According to Bonnett 

(10 and 11), the sequence of spikelet differentiation in barley is; the 

formation of the empty glumes; then the development of the lemma, followed 

by the palea, stamen, awns and last, the pistil.

Esau (30) describes the perietal layers of normal anthers as consisting 

of the epidermis, the endothecum and the tapetum. The tapetum surrounds the 

sporogenous tissue and attains its maximum development at the quartet stage.  ̂

In many angiosperms, the cell walls of the tapetum degenerate, and these 

cells assume the appearance of plasmodial masses.• The tapetal cells then 

gradually disintegrate as the pollen develops. According to Booth (13), 

each lobe of graminae anthers contains a core of pollen mother cells (PMCs) 

surrounded by two or three layers of tapetal cells. The tapetal tissue may 

disappear by flowering, leaving only the epidermis as a covering of the pollen 

sacs. Carneil (18), in his review-of the development and function of the 

tapetum, describes three -types of tapetum; uninucleate, poIynucleate and 

plasmodial. He states that it is generally accepted that the tapetal function 

is nutritive, but it is not known how this function is performed.

In the fertile anthers from several of the species-which have either 

cytoplasmic or genetic male sterile mutants, the pattern of pollen and 

tapetal development is generally similar to that described above. The 

tapetal layer makes its maximum development at about the time when the PMGs

^Following Knight's (56) definition, the term quartet is used to des
cribe the four-celled haploid stage of the PMCs which occurs immediately 
after meiosis. This term is used to distinguish this stage of pollen 
development from the tetrad stage. The tetrad stage is taken here to mean 
the stage Of meiosis which occurs dufing'prophase I when the chromosomes 
double in number.
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have reached the quartet stage. Then this layer degenerates so that by the 

time mature pollen exists, the tapetum is completely gone or just a slight 

vestige of it remains. It is reported that in sterile anthers, the tapetal 

development through meiosis is comparable to the development in fertile 

anthers, and from that point on there are considerable differences. The 

usual sequence is; the tapetal layer becomes larger in size than the tapetum 

in the fertile anther at about quartet stage, then the microspores start to 

degenerate and become empty cells. This is followed by the degeneration of 

the tapetal layers„

It was found by Singh and Hadley (77) that, in sorghum, development 

was the same for fertiles and steriles through the quartet stage. In the 

sterile anthers, the tapetum persists for an unusually long time after the 

development of the separate microspores; while in the fertile, the tapetal 

layer degenerates after the quartet stage. Brooks, Brooks and Chien (15) 

observed other differences between fertile and sterile anthers of sorghum. 

They stated that the tapetum in the steriles was larger than in the fertile 

anthers at the end of telephase II. Also, there-was variation in width and 

morphology of the tapetum which was not present in fertile anthers. This 

pattern of tapetal and pollen development was observed to occur also in sudan 

grass, Alam and Sandal (I); carrots, Zenkteter (89) and flax, Dubery and 

Singh (26).

There are several instances of variation from this general pattern of 

development. Ericksen (29) observed abnormalities in colchicine-induced 

male sterile sorghum which appeared to result from a failure of the PMCs to 

form a cell wall in prophase. This resulted in the formation of a plasmodium.
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In sugar beets, Artschwager (2) observed that development of the sterile 

anthers was normal through meiosis. In fertile anthers, after the quartet 

stage, the tapetal cell walls break down and form a plasmodium which flows 

into the anther cavity and surrounds the microspores. In male sterile 

anthers, a periplasmodium is found which is uneven in thickness and does not 

fill the anther cavity. This periplasmodium does not completely disappear 

until very late in the development of the microspores; while in the fertile 

anthers, this plasmodium disappears shortly after the quartet stage.

Childers (20) observed two types of male sterility in alfalfa: one with

complete sterility and the other with partial sterility. In each of these, 

the tapetal tissue development was different. The anthers of the complete 

sterile were characterized by what Childers termed a "precocious development 

and overgrowth of the tapetal tissue". This was accompanied by a vacuo- 

lisation of the sporogenous cells and was terminated by the degeneration of 

the PMCs in early prophase. The partially sterile anthers were characterized 

by a swollen, darkly-staining tapetum which, prior to the first pollen mitosis, 

increased in degree of staining with an increase in per cent of aborted pollen. 

In male sterile orchard grass, degeneration of some sporogenous tissue was 

observed by Filion and Christie (32) to occur at the initial stage of meiosis 

followed by a rapid degeneration of the tapetum. In male sterile anthers of 

cucumbers, the PMCs do not undergo meiosis, according to Singh and Rhodes 

(79). In addition, degeneration of the tapetum is preceded by PMC degener

ation.

In cytoplasmic male sterile wheat, Joppa, McNeal and Welsh (48) observed 

that the amount of starch granules increased rapidly from meiosis to the
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first pollen mitotic division in both sterile-and fertile anthers. In the 

fertile anthers, the amount of starch in the tapetaI cells decreased rapidly 

with the degeneration of the tapetal cells following the first pollen mitotic 

division, while starch granules in the tapetal cells of sterile-anthers 

persist for considerable time, i.e. up to anthesis. Ghauhan and Singh (19) 

found three types of abnormality in the stages of development of male sterile 

wheat (variety "Norin") anthers. The fertile anthers have pollen and tapetal 

development which follows the pattern previously described, Esau and Booth 

(30 and 13). In the first type - of abnormality, the tapetal layer degenerates 

very early (during premeiosis) followed by the breakdown of the sporogenous 

cells. In the -second type .of abnormal pollen development, the tapetum 

remains intact beyond the stage -when tapetal breakdown starts in fertile 

anthers. This delay in tapetal degeneration was accompanied by an increase 

in nuclear size in tapetal cells. The mature pollen grains are devoid of a 

germ pore, cytoplasm and nuclei. In the final type-described, the -tapetal 

cell walls disintegrated and a periplasmodium was formed at the start of 

meiosis. The periplasmedium and the EMCs intermingle, at which time the 

EMCs degenerate. In male sterile wheat, Fukasawa (34) observed no tapetal 

abnormalities such as hypertrophy or periplasmodium.

Rick (71), while-studying nine-male-sterile-mutants in tomatoes, noted 

that except for earlier degeneration of the-tapetal layer at first or second 

metaphase in meiosis, tapetal and pollen development in fertile anthers 

closely parallel the-development in other species. Rick's conclusions about , 

tapetal and pollen developtnent in sterile mutants were:

(I) The breakdown of microsporagenesis occurs differently in each
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of. the nine mutants. He also found that there was considerable variation 

within a mutant as to the stage where pollen degeneration occurred.

(2) Up to the time of degeneration, the meiotic chromosomes 

behaved normally.

(3) The development of the tapetum was also quite variable among 

the mutants, and the tapetum did not reach the same size as in fertile 

anthers. He observed that tapetal degeneration in the steriles may occur in 

some cases sooner, in some cases at the same time, or in some cases later 

than normal anthers. Further, Rick found a poor correlation between the 

degeneration of the tapetum and the microspores. Therefore, the hypothesis 

that the gene effect is primarily on the tapetum is difficult to support 

because of this variation.

(4) The genes conditioning male sterility act with precision. He 

concluded that even though there is variation in the time, of degeneration of 

the microspore within a mutant, this degeneration occurs within the range of 

variation present in each mutant with precise repeatability.

(5) The breakdown in tapetal or pollen development is correlated 

to the sizes and shapes of the anthers; that is to say, the earliest degen

eration and most extreme deviation in tapetal development occurs in the 

mutant which has the most deformed anthers; and the latest breakdown of 

development is associated with mutants which have only slightly deformed 

anthers. There was no correlation between anther form and time of degener-
Z

ation in the group of mutants which were intermediate.

Corn has some variation in the stage of development where degeneration 

of microsporogenesis occurs, according to Beadle (6). Among the 15 genes he

i
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studied, some strains do not complete cytokinesis during meiosis. In another 

strain which he calls waxy anther, portions of the same anther do not. He 

found tapetal degeneration in sterile anthers to occur from early prophase 

of meiosis to near pollen maturity.

Nine male sterile lines from a barley composite obtained from the 

United States and one male sterile line in a native variety were studied by 

Singh and Kaul (78). These workers describe the pollen grains of all of 

these lines as empty, devoid of cytoplasm and with shrunken cell walls.

They studied the stage of anther development at which pollen abortion 

occurred in four male sterile lines, Kaul and Singh (49). The authors des

cribe the normal anther as consisting of several layers: the epidermis,

endothecum, middle layer, tapetum and the sporogenous cells. During develop

ment of the fertile pollen, the middle layer was crushed by the tapetum and 

by the microspore's formation (quartet stage), only traces of the tapetum 

remained. In the sterile-anthers from the two-row lines, pollen degeneration 

occurred while the microspores were enclosed by the wall of EMC (quartet 

stage or slightly later), while in the six-row type, degeneration of the 

microspore occurred somewhat later, i.e. at the free microspore-stage. The 

tapetal layer continued to grow beyond the stage when degeneration would 

have-occurred in fertile anthers. The continued enlargement of the tapetal 

cells was accompanied by a high degree of vacuolisation of the tapetal cells. 

After the microspores had degenerated, the tapetal cells reached a peak in 

their size and were described as suddenly"collapsing. These particular 

lines were all nondehiscent.

Esau (30) and Rick (71) both describe the function of the tapetum as
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nutritional, i.e. furnishing nourishment for the developing microspore.

Joppa et al. (48) found a lack of starch in sterile pollen and noted a lack 

of differentiation in the vascular tissue of sterile wheat anthers. Fukasawa, 

Mito and FUjiwara (35) found a lack of sucrose in the anthers of cytoplasmic . 

male sterile wheat. Their conclusion was that one of the main causes of 

pollen degeneration was this deficiency of sucrose.

Khoo and Stimson (50) observed no chromatographic differences between 

extracts of fertile and sterile anthers from corn until after anaphase II.

An increase in alanine was observed in sterile anthers over fertiles until 

about the time of maturity; then the alanine concentration was higher in 

the fertile anthers. Brooks (16) observed an accumulation of glycene -at the 

1 prepollen1 stage in sterile anthers from male sterile .sorghum. An extract 

from anthers of male sterile barley had a relatively low cytochrome oxidase 

activity, a low polyphenyI oxidase and high perioxidase activity, according 

to Whited and Peterson (88). Little evidence exists to substantiate a 

direct nutrition transer from the tapetal to the developing microspores, 

according to Garneil (18) . Cooper (23.) observed some transfer of feulgen- 

positive material from the tapetals to the microspores at early prophase of 

several species.

Several environmental factors have been shown by various workers to 

affect the development of the male and female portions of flowering plants. 

Heslop-Harris on (42), in his extensive review of male sterility, describes 

these as mineral nutrition, light, temperature and various effects by outside 

physical forces. These factors, i.e. nutrition, light and temperature, are 

accepted as the primary forces affecting modification of sex by Jain (44).
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Heslop-Harrison (42) concludes generally moist soils containing a high 

level of available nitrogen promotes femaleness in plants with imperfect 

flowers. Kinebuchi, Saito and Toya (52 and 53) describe the effect of top

dressing with nitrogen on the sterility of the lower spikelets in barley.

The amount of sterility was decreased by the application of nitrogen; 

however, they did not indicate whether the sterility was stamenate or 

pistillate. They concluded that the increase in fertility was due to 

increasing the efficiency of translocation (of nutrients) frofn the flag 

leaf to the lower part of the spike. The number of sterile .spikelets was 

increased by high temperature, shading, long days, drought or very wet soil.

The effect of low temperature, as reported by Heslop-Harrlson (42) is 

to promote femaleness on monoecious plants of three families. Enomatio, 

Yamada and Hozumi (28) observed 23 varieties of rice in which the temperature 

range for artificial pollen germination was 40° to 45° C. and 7° to 14° C. 

Poggendorff (66) reported flowering in rice to continue to occur at higher 

temperatures. Clary (21) with Russian wild rye and Suneson and Miller (87) 

with barley concluded most of the freezing injury was to the pistillate 

tissue.

Pope (67) observed fertilization (pollen tube growth) in barley was 

most rapid at 30° to 35° C . Tube growth was delayed with temperatures above 

45° C. with few or no tubes reaching the embryo sac.

Suneson (85) induced some pollen sterility in barley heads which were 

in the sheath during exposure to chilling (temperature range of about 2° 

to 3° C.). The amount of sterility varied considerably from head to head.

In growth chamber studies of barley with continuous 21° C., p 32° day and a
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21° C . night, and a continuous 32° C . temperature, the average per cent 

seed set at maturity was observed to be 19, one and zero per cent respec

tively, Laude, Riddley and Suneson (57).

Light is a potent factor in the determination of sex, according to 

Jain (44). This effect is primarily through two means: either the control

of carbohydrate metabolism or by photoperiodic responses. Johnson and 

Taylor (47) noted that photoperiod was more important than temperatures in 

barley floral primordia development. Under short day (13 hours) conditions, 

a temperature range of 13° to 24° C . had little effect Qn primordial 

development. However, under long day (17 hour) conditions, this temperature 

range had a marked effect on development.

Most barleys are day length sensitive plants. Kirby and Eisenberg (55) 

observed lengthening the day in barley caused hastening of flowering, 

reduced the number of leaves before flowering, increased the rate of leaf 

emergence and changed the pattern of leaf size up the stem. These results 

confirmed Guitard1s (37) work. In addition, Guitard found a greater number 

of tillers formed under a 16-hour photoperiod. Downs, Peringer and Wiebe 

(25) observed the most rapid awn emergency of barley was obtained with a 

16-hour photoperiod. The best yield in number and weight of seed in barley 

was obtained during a 16-hour photoperiod by Borthwaite, Parker and Heinze

(U). '
Light quality is important for optimum fertility. Downs et al. (25) 

found white and red incandescent lamps were almost equally effective in 

controlling the number of seeds per spike. Friend, Helson and Fisher (33) 

found incandescent light to be about four times more effective in inducing
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flowering in winter barley than fluorescent light. Ealey and Aspinall (65) 

confirmed these results with spring barley and concluded that the difference 

in effect of the two light sources was due to the far red portion of -the 

light spectra in the incandescent light.

Little evidence is available on the effect of light intensity on 

anther development and seed set. Smith (82) found shading in sweet peas by 

thin muslin to increase the -amount -of fertility. However, intense shading 

caused flowerbud abortion. Schmidt and Colville (75) reduced corn grain 

yield (number of kernels), significantly by reducing the percent of solar 

energy available to the leaves located below the ear to 25 per'..cent of 

normal to complete darkness. Early, Mcllrath, Sief -and Hageman (27) were 

able to reduce the number of kernels set per ear in corn when the light 

intensity to the plants was reduced by 60 per cent or greater. The rate of 

primordial production and of floral development was increased by increasing 

light intensity in barley by Aspinall and Paley (4).



MATERIALS AND METHODS

Pollen Stainabillty and Appearance. At least five heads were.selected 

at random from sterile plants of 18 of the 19 numbered genetic male sterile 

mutants grown in the greenhouse during the winter of 1965-66. Heads were 

collected at random from field-grown sterile plants of nine of the 19 geno

types in 1966. These included samples from sterile plants of Carlsberg II 

■ms5, Heines Hanna ms6, Dekap ms7’j Betzes ms8, Vantage ms9, Gateway ms 11, 

Svalof 50-109 ms!2, Haisa II ms 13, Unitan ,ms14, Betzes ms 16 and a check from 

Betzes fertile plants. In 1967 heads were sampled from field-grown sterile 

plants in those genotypes where it was necessary to confirm previously 

obtained data or to make a total of two years' data for each mutant. These 

were Betzes ms_, Compana ms2, Gateway ms3, Freja ms4, Compana ms 10, Gateway 

ms 11, Svalof 50-109 ms12, Haisa II ms 13, Unitan ms 14, Betzes ms 16, Compana 

ms17, Compana ms18, C . I . 4961-1 msl9 and Betzes fertile, which was used as 

a check. At least two florets were selected from a head for each stain when 

the anthers were at a stage of development corresponding to dehiscence and/or 

filament elongation.

Pollen was "teased" from the anthers and placed in three stains. A 

four per cent solution of 2,3,5-triphenyItetrazolium chloride (TTC) in 1.68 M 

sucrose solution was one stain used. Pollen was left in this solution four 

to six hours initially; however, it was later found that similar results 

could be obtained if pollen was left in the stain for approximately two 

hours. This time interval is necessary to allow completion of the reduction 

of tetrazolium to formazon. The pollen was then transferred to a microscope 

slide for counting. The other two stains used were five per cent solution
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of aceto-carmine (AC) and a three per cent solution of iodine-potassium 

iodide (IKI). When using the two latter stains, the pollen was placed on a 

microscope slide directIy in the stain and counted. One hundred grains 

were counted under a microscope and the number of stainable pollen grains 

was determined for each genotype sampled.

/ . ' l lAnther Measurements and Appearance. Three heads were selected at 

random from male sterile plants of each of the 18 male sterile mutants for 

determination of anther size. Three heads were also selected at random from 
each of the fertile segregates of these different male sterile genotypes.

These included the varieties Betzes, Companas Frejas Carlsberg II, Heines 

Hanna, Dekap, Vantage, Svalof 50-109, Haisa II, Unitan and C. I. 4961-1.

The sampled heads from the fertile segregates of Betzes ms, Betzes ms8 and 

Betzes ms 16 were composited into a single sample. The same procedure was 

performed for Compana ms2, ms 10, ms 17 and ms18; and also for Gateway ms3 

and ms 11.

Five florets were selected at the filament elongation stage from each 

of the selected heads„ The florets were then placed in Langlett'S- modifi

cation of the CRAF series of fixatives, and were allowed to stay in the 

fixative for approximately 24 hours. They were then washed in distilled
I

water and placed in 70 cer cent ETOH for storage.

Anthers from five florets out of a total of 15 were chosen at random 

from each sample bottle for measurement. The fifteen anthers were extracted i
" . I

from these five florets, and placed on a microscope slide. The length and 

width were then measured using an ocular micrometer. The anthers were kept
------  ------— ------ --------------------------------- — — --—      '  --- . 'l!

■t-ETOH is used as an abbreviation for ethyl alcohol.

Jl
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moist with 70 per cent ETOH during measurement to prevent shrinkage, The 

anther width was measured with the crease between the anther lobes facing up 

(see diagram).

Width

<— Length

An F test was applied to test the equality of the variances of the 

measurements of the anthers from the individual mutants and their fertile 

segregates. If the variances of a particular pair were determined to be 

different, a weighted t-test (t') was used to test the equality of mean 

anther size. A students1 t-test was applied to test the equality of the 

means of the length and width of the anthers from the mutants, and from 

their respective fertile segregates.

, Morphological Development. In 1967, from one to three heads were 

selected at random from field grown sterile plants of Dekap ms7 and Betzes 

ms8, and in the following year from sterile plants of Heines Hanna ms6.

These samples were selected so that there were stages of anther development 

from premeiosis to anthesis. In addition, heads at similar stages of 

development were taken from Betzes fertile plants for comparison. These 

mutant genotypes were selected to represent the extreme variation which had 

been observed in the numbered series of mutants; i.e. Heines Hanna ms6 which 

is visually normal in pollen development, Betzes ms8 which is quite variable
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in pollen development and Dekap ms7 which has little or no pollen develops 

mento The selected heads were placed in Langlett1s Modification II of the 

CRAF series of fixatives. The heads were left in the fixative for 24 hours, 

washed with distilled water and placed in 70 per' cent ETOH for storage.

Enough anthers were selected from each sample so that the samples 

overlapped each other in the stage of development and provided duplicate 

samples. During extraction of the anthers, they were kept in 70 per cent 

ETOH to prevent drying and distortion. The anthers were embedded in 

paraffin, sectioned and placed on microscope slides. The sections were 

stained with the safranin-fast green method. Enough anthers were sectioned 

so that from five to 50 slides with approximately 25 sections per slide were 

available for each stage of development of each genotype. Each slide was 

examined, and photographs were taken of representative stages.

The technique for sample preparation presented here is taken from 

Jensen (45) and Johansen (46), with modifications to adapt the technique 

specifically to this material. The procedure used for sectioning and 

staining follows:

1. Dehydration of anthers: The anthers which have been
stored in 70 per cent ETOH were placed in 96 per cent 
ETOH for one hour and then into absolute ETOH for one 
hour. Following this, the dehydration procedure was 
completed by placing the anthers from the absolute 
ETOH in a 2:1 mixture of absolute ETOH to n -butyl 
alcohol for 30 minutes, then a 1:2 mixture of absolute 
ETOH to n -butyl alcohol for 30 minutes and finally
by placing the anthers in 100 per cent n-butyl alcohol for 
30 minutes.

2. Paraffin embedding: The melted paraffin (melting
point 47° to 49° C .) was poured into a small petri 
dish to a depth of about half a centimeter. The 
dehydrated anthers were transferred from the butyl 
alcohol into the paraffin, and the uncovered petri
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dish with the anthers and paraffin was placed in 
an oven at 55° C . and left for 12 to 24 hours.

3. Paraffin block preparation and sectioning: After
taking the dishes from the oven and before the 
paraffin hardened, the anthers were arranged with a 
probe as shown below:

The paraffin was cooled by placing the petri dishes 
in cold water or in the refrigerator until the paraffin 
was completely hardened. The paraffin block with 
the anthers was then removed from the dish, and the 
block trimmed to a size of about one half centimeter 
deep by one half centimeter wide by one to one and one 
half centimeters long (see diagram). The block, at the 
end where the anthers are, was trimmed to about one 
fourth centimeter deep. The top and bottom sides of 
this end must be parallel or the ribbon will not be 
straight as it comes from the microtome.

The block was placed on a wooden holding block for 
sectioning. The rotary microtome was set for sections 
of 10 microns in thickness. A clean slide was smeared 
with Haupt's adhesive and a few drops of four per cent 
formaldehyde solution was placed on top of the adhesive. 
The ribbon was transferred to the slide so that it was 
floating on top of the formaldehyde solution. The 
excess formaldehyde solution was drained off the slide 
by holding the ribbon with a probe and placing a 
corner of the slide on a folded cheesecloth. The 
slide with the ribbon was placed on a slide warmer 
(temperature about 39° to 40° C.) so that the ribbon 
will stretch, and the slides were dried for 24 hours 
prior to staining.

Anthers

Dish

Ant
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4. Staining (safranin-fast green method): All solutions
discussed in this procedure were kept in Coplin stain 
jars. The slides were held in these jars so that they 
would not rub against one another.

The paraffin was removed from the sections by placing 
the slides in two separate xylene baths for five 
minutes each. They were placed in a solution of 
1:1 xylene and then into absolute ETOH for five 
minutes each.

The sections were partially hydrated by passing the 
slides for five minutes each through a series of 
EOTH solutions of decreasing concentrations; i,e. absolute, 
95 per cent and finally 50 per cent.

The slides were then placed in safranin from a stock 
solution (one per cent safranfn in 95 per cent ETOH) 
which had been diluted with an equal amount of dis
tilled water. The slides were allowed to remain in 
the safranin for at least two hours.

The slides were washed in distilled water and passed 
rapidly (less than one minute in solution) through 
acidified 70 per cent ETOH (a few drops of glacial 
acetic acid were added to the 70 per cent ETOH in a 
Coplin jar) for destaining, The slides were then 
left for one to two minutes each in 95 per cent and 
absolute ETOH.

The sections were counterstained with fast green 
(0,2 per cent solution in 95 per cent ETOH) for from 
30 seconds to one minute.

After staining with fast green, the excess- stain was 
washed from the slides with 95 per cent ETOH. The 
slides were then placed in a solution of 50 per cent 
clove oil, 25 per cent absolute ETOH and 25 per cent 
xylene for differentiation of the fast green. Two 
changes of solution of 15 minutes each were used.

The slides were then placed in xylene, making three 
changes of at least 15 minutes each, and mounted with 
a cover slip over balsam or some other mounting medium.

The nucleoli, chromosomes and lignified cell walls 
were stained red; the remaining structures green.
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Sterile Crossability. In the summer of 1967, selected male sterile 

mutants were used as pollen parents to see if they could effect pollen- 

ation of other male sterile lines. Among the genotypes used as males 

were Vantage ms9 and Compana ms 17, which had set some selfed seed. This 

study also included any mutants which had shown some pollen staining, 

including Heines Hanna ms6, Betzes ms8, Compana ms 10, Unitan ms14,

Betzes ms 16, Compana ms 18 and C . I. 4961-1 ms 19. To check the technique, 

the fertile segregates of these sterile mutants were also used as pollen 

parents.

The mutants used as females in this study were Deficiens ms, Trophy 

ms, Compana ms2 and Dekap ms7. These had never been observed to self or 

to have stainable pollen, except for one sample of Dekap ms7, which had a 

small portion, of IKI stainable pollen (see section of Pollen.Stainability 

and Appearance, page 18).

The crosses were performed by the "twirl" technique and were done by 

two different individuals. This technique involves trimming the lemma and 

palea of the spikelets of both the male and female heads„ After the 

filaments had elongated (some of the sterile males in this study have 

filaments which do not elongate), thus forcing the anthers beyond the 

trimmed bracts, the male head was held upside-down and in close contact 

with the female head. Both the male and female heads are held in one hand 

and the male head is "twirled" around the female head with the other hand„ 

Any uncontrolled cross pollenation was precluded by placing the female 

head in glassine bags prior to emergence of the head from the sheath and 

by the technicians washing their hands between crosses. After the plants
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were mature, the heads were harvested and the per cent seed set determined.

Any seed present on the female heads which were pollenated by 

"sterile" pollen was grown in the greenhouse in the winter of 1967-68, 

and the Fg seed from these plants was grown in the field the following 

summer. These Fg plants were checked to see if they were actually crosses.

The crossing procedure was repeated in 1968 for ms8 and ms 16, using 

only the steriles as pollen parents. Also, crosses with ms 18 were re

peated, using both heads from fertile and sterile plants' for pollen sources. 

In this case,, it was felt that the use of one fertile genotype was an 

adequate check on the technique.

Shading Effects. The effect of shading on fertility was studied in 

three separate trials, each a completely randomized design. Plants from 

three varieties--Betzes, Dekap and Vantage--Were grown in six-inch pots 

within a controlled climate chamber under three different light inten

sities. Approximate light intensities of 2000 foot-candles (21,250 lux), 

1400 foot-candles (15,064 lux) and 800 foot-candles (8608 lux)  ̂respec

tively were established at the start of each run. The lower two 

intensities were-accomplished by placing cheesecloth over a frame until 

the-desired level was achieved. The light intensity levels were chosen 

because the higher light intensity is reported tq be the light saturation 

point of barley, Burnside and Bohning (17), and because light inten

sities below 800 foot-candles yielded less than 10 per cent TTC stainable 

pollen. The intermediate light intensity was established as the-midpoint •

• ^One foot-candle = 10.76 lux (lumins per square meter).
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between the high and low light intensity.

The light intensity was measured under each shade approximately once 

each week, level with the tops of the plants. Spot readings were taken . 

at several places under each shade and then readings were averaged to 

constitute a given intensity reading.

The average light intensity for each of the three runs and their 

respective standard error is presented in Table I. In each run, the 

shading levels are revealed by students' t-test to be significantly 

different at the five per cent level of probability except for Run I, 

Shading Levels 2 vs. 3.

In Shading Level I, the average of the intensity reading is fairly 

. close to the expected 2000 foot-candles over all three runs. Shading 

Level 2's average intensity reading was at the■desired 1400 foot-candle 

level for the first two runs, while for Run 3, the temperature for Shading 

Level 2 was lower than desired. In Runs I and 2, the average light 

intensity of Shading Level 3 was higher than the desired 800 foot-candles . 

recorded at the base of the plants.

The temperatures used for this study were the Bozeman mean temper

atures for the months of May, June, July and August averaged over a five- 

year period (Figure I). Temperature differences between July and August 

were negligible, therefore the July temperature was maintained for any 

time the run was continued beyond 92 days.

Temperature readings of the first inch of soil and of the air in 

each shading level were taken periodically throughout Runs 2 and-3. These 

individual readings are an average of several spot readings taken



Table Is Average light intensity reading in controlled climate chamber for the three separate runs of the shading
effects on fertility of three barley varieties.

Shading Level l/
SI S2 S3

Run
Number Average ft.-c.

s_
X  ft.- C o Average ft.-c.

s__
X ft.-c. Average ft.-c.

S _

X  ft. c,
I 2006 (21,584.56 lux) 0.37 1459 (15,698.84 lux) 0.41 1000 (10,760.00 lux) 0.23

2 1950 (20,982.00 lux). 0.33 1414 (15,214.64 lux) 0 .45 943 (10,146.68 lux) 2.02
3 1900 (20,444.00 lux) 0.45 1112 (1965.12 lux) 0 .31 666 (7166,16 lux) 2.27

l/ Light intensity at start of each run at bench levels SI = 2000 ft.-c. (21,520 lux); S2 = 1400 ft.-c. (15,064 
lux); S3 - 800 ft,-c, (8608 lux).
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Figure 1« Average diurnal fluctuation in temperature at Bozeman over a 
24-hour period for the months of May, June and July.
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throughout each shaded area. All temperature readings were taken with the 

chamber lights on. There were no indications of any differences between 

the programmed and the actual air temperatures. Comparisons by students' 

t-test between May soil temperature of each shading level of Run 2 were 

made, and revealed that there were significant differences at P = 0.01 

between the temperatures of Shading Levels I and 2, Levels I and 3 and 

between Levels 2 and 3. These temperatures are presented in Table II.
i

A 16-hour day length was maintained throughout this study, as this 

day length has been determined to be the optimum day length for barley 

(14, 24 and 36) and because the day length at Bozeman for May, June and 

July is approximately this value.

Humidity was that of ambient air as the humidity in this chamber 

could not be controlled.

To assure that error would be completely randomized, the pots were 

rerandomized approximately once a week within each shading level for all 

runs.

The - same general procedure for TTC staining as described under the 

Pollen Stainability section was used throughout the study. The number 

of TTC stainable pollen grains in a total of 100 grains was determined for 

each sample.

Each run had nine treatments which consisted of three varieties 

in three shading levels.

Run number one had a maximum of two pots and five plants per pot 

for each treatment. Each pollen sample taken from a different tiller 

with a maximum of four tillers per plant sampled.
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Table Hs ISoil temperatures. . of simulated month of May within the 
three different shading levels of Run Z e

Shading Level
si

Temp* 0C8
82 S3

Temp* 0Ce Temps 0Ce
12 8 7
12 8 7
1% 9 7
12 • 9 7

^Temperatures were for the first one inch of soil*

'i. ■ ■
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In Run 2 there was a maximum of six pots and five plants per pot for 

each treatment. Pots from this run were divided into two different cate

gories, consisting of half with plants from which pollen samples were 

collected for TTC staining; the other half had glassine bags which were 

placed on heads to preclude outcrossing. Per cent stainable pollen and 

per cent seed set for each variety within the different shading levels 

was determined. In addition, the first four tillers sampled either for 

staining or for bagging were - designated as early tillers with the next 

four tillers designated as late. This separation was made because it had 

been observed that late tillers were more sterile than early tillers under 

all shading levels.

Only one plant was grown "in each container in Run 3. The containers 

used were paper quart milk cartons with holes punched near the -bottom to 

allow drainage. The containers were kept under the highest level of light 

intensity until the plants emerged (or about the-second leaf stage), since 

it had been noted in previous runs that emergence was delayed in the 

shaded pots. A maximum of ten plants per variety was placed in each 

shading level and half of the plants were sampled for pollen staining; 

the other half was bagged for seed set studies. Early and late tillers 

were sampled separately as in Run 2.

The nutrient supply to the plants was unintentionally cut off during 

the third run when some plants were in flower. This was due to a lack 

of the -natrients normally distributed through the regular watering system 

and occurred for an undetermined period of time.

The three runs were analyzed separately as a completely randomized
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design. In the last two runs, the staining data (per cent stainable 

pollen) and the bagging data (per cent seed set) were also analyzed 

separately.

In addition to the analysis of variance, Duncan's multiple range

test was applied to treatment, variety, shading and maturity means for

staining data and seed set data for each run to determine differences

between these means. Because of the variable number of samples making

up these means it was necessary to estimate a weighted standard error of

the mean (s_) for each of these means in order to apply Duncan's test, 
x

So that Duncan's multiple range test could be used to identify 

significant differences between averages of per cent stainable pollen and 

seed set over all runs for treatment, variety, shading and maturity 

effects, a pooled weighted standard error of the mean was estimated by 

pooling the weighted error sun of squares and degrees of freedom from 

each effect. .It is felt that these "pooled" standard errors of the means 

is the best estimate for use in testing differences between these mean 

averages. A complex analysis over all runs was not made due to differ

ences in experimental conditions between these runs and the inestimable 

interactions which might exist.



EXPERIMENTAL RESULTS

Pollen Stainability' and Appearan'ce. The results of the three years of 

staining data are presented in Table III„ Pollen from sterile plants of 

ms2, ms3, ms4, ms5, msll and ms 13 exhibited no staining with any of the 

three stains used. In greenhouse-grown plants of ms2 and ms3, the pollen 

was often nonexistent. If pollen was present in these mutants, except . 

ms5, it was very reduced and clumped together or was shriveled.

One sample each of ms_ and ms7 had small percentages of IKI stainable 

pollen collected from greenhouse plants (Table III). The pollen of ms7, 

which had IKI staining, was shrunken and clumped together, while ms 

had pollen stained with IKI which was shriveled but separate. The pollen 

appearance of other samples of these two mutants was approximately the 

same for both greenhouse and field-grown plants (Table IV).

The mutants ms IO, ms17, ms18 and ms19 had aceto-carmine and IKI 

stainable pollen from plants grown in the greenhouse (Table III), A 

small percentage of pollen of one sample of ms17 field-grown plants 

stained with IKI (Table III). There was considerable variation in appear

ance of pollen from greenhouse plants which was less evident in pollen 

samples from the field (Table IV).

Six of the mutants had pollen with TTC staining. These included 

ms8, ms12 and ms 14, which had variation in pollen stainability and appear

ance between the two environments; and ms6, ms9 and ms 16, with less 

variation between environments.

Pollen from greenhouse plants of ms8 was not stained by TTC, but was 

stained by aceto-carmine and IKI (Table III), while most of the samples



Table I H : Pollen stainability of barley male sterile mutants using Xhree stainsi TTC, AC and IKI«

TTC stainable pollen I/
Greenhouse 65-66 field 66-67

________AC stainable pollen l/
Greenhouse"65-66

IKI stainable pollen I/
Field.66-67 Greenhouse 65-66 Field 66-67

Average $ Stainable Pollen 
over 2 Fhvlronments

Variety Mutant _ L C1Vl — 2£ c .v. J L -JC ■ C.v. M _2£ C1Vl J L C.V. J L c .v .
TTC
X 3 = X

Trebi ms 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 . 0 . 0 0.0 0.0 0.0 0,0 0 . 0 0.0

Gateway ms3 0.0 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Preja ms4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0

Carlsberg II ms 5 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 ,0 . o-.o 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0

Gateway msll 0.0 0.0 0,0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0

Haisa II ms 13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0 .0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0

Betzes 0 . 0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0 . 1 317.0 0.0 0.0 0.0 0.0 0.0 0 . 1

Dekap ms? 0 .0 0.0 0.0 0.6 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 - 0.4 8 9 . 4 0.0 0.0 0,0 • 0,0 0,0 0.5-
Compana ms 10 0.0 0,0 0.0 0.0 0.0 0.0 6 . 9 3.9 ,1 5 8 . 8 0.0 0,0 0.0 6 . 3 3 . 8 1 6 9 . 6 0,0 0.0 0.0 0.0 3.4 3.1

Compana msl? 0.0 0.0 0.0 0.0 0.0 0 .6 24.7 1 0 . 3 9 2 . 9 0.0 0.0 0.0 4.3 0.8 40.3 0.2 0.2 223.5 0.0 12.3 2.1

Compana ms 18 0.0 0.0 0.0 0.0 0.0 0.0 3 2 . 4 11.2 9 0 . 8 0.0 0.0 0.0 5.9 3.4 1 5 2 . 9 0.0 0.0 0.0 0.0 1 6 . 2 2.9

C. I. 4 9 6 1 - 1 msl9 0,0 0 .0 0.0 0 .0 0 .0 0.0 20.1 8.2 1 2 9 . 4 0.0 0 .0 0.0 4745 9,9 6 5 . 9 0.0 0.0 0 ,0 0.0 1 0 . 0 2 3 . 7

Betzes ms8 0.0 0.0 0.0 1 3 . 9 4.7 111.9 6.8 5.0 2 1 9 . 0 3 4 . 7 1 2 . 3 86.8 6 . 1 3.2 1 5 5 . 2 24.8 12.8 1 2 6 . 2 6 . 9 20.7 1 5 , 4

Svalof 50-109 ms 12 - 0.0 0 .0 0.0 0.8 0.5 242.0 0 . 1 0.1 3 3 2 . 0 0.0 0.0 0.0 2.0 1.3 200.0 0.3 2.2 733.37 0.4 0 . 1 1.1

Unitan ms 14 1.7 1.3 2 3 5 . 3 0.0 0.0 0.0 17.4 9.7 1 6 6 . 7 0 ,0 0.0 0.0 1 5 . 8 10.6 200.4 0.0 0.0 0.0 0.8 8.7 7.9
Heines Hanna ms 6 9.7 6.0 184.3 3 8 . 6 7.1 41.1 7 6 . 2 9.9 41.2 8.1 1.1 2 9 . 9 77.3 9.0 37.3 70.0 4 7 , 4 5 5 . 2 24.1 42.1 73.6

Vantage ms9 1 . 0 1.0 2 4 4 . 9 1.0 1.0 244.9 2 5 . 2 10.7 104.4 2 3 . 8 1 3 , 8 1 2 9 . 8 2 3 . 8 1 3 . 6 139.6 22,4 1 6 . 2 1 6 1 . 5  ■ 1.0 24.5 2 3 . 1

Betzes msl6 2.2 2,2 242.9 2 7 . 5 5 .5 6 2 . 9 11.0 8.4 201.4 47.4 5,5 3 6 . 5 12.7 12.2 2 5 4 . 6 5 1 . 6 5 . 2 42.3 14.8 2 9 . 2 3 2 . 1

Betzes check 40.6 14.9 38 ;2 37.9 4 .5 3 7 . 5 8 6 . 7 3.8 13.0 7 4 . 2 6 . 3 27.0 91.0 2.1 6.8 70.0' 6.1 27.7 2 6 . 4 80.4 8 0 . 5

\J C4Ve = (s/x)lOO
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Table IV: Pollen appearance at time of staining of barley male sterile mutants

Greenhouse 1965-66 Field 1966-67
Average

appearance
Number of samples Average Number of samples Average rating
in appearance appearance in appearance appearance over two
ratine I/ rating rating I/ rating environments

Variety Mutant _2 _2 _4 J> _! _2 _2 _4
Trebi ms2 5 4 4.4 3 2 3.4 3.9
Gateway ms3 5 9 4.4 5 4.0 4.2
Preja ms4 6 4.0 5 3.0 ' 3.5
Carlsberg II ms 5 I 7 2.9 5 3.0 2.9
Gateway ms 11 I 8 3.9 11 3.0 3.4
Haisa II ms 13 I 6 3.8 10 3.0 3.4
Betzes ms I 8 3.9 4 I 3.2 3.5
Dekap ms? 2 2 4.5 6 4.0 4.2
Compana ms 10 2 2 7 3 3.6 5 3.0 3.3
Compana ms I? 2 3 3 2 3.3 I 4 2.8 3.0
Compana ms 18 3 I 8 3 3.7 5 3.0 3.3
c. i. 4.961-1 ms 19 3 5 2 3 2 2.7 2 3 3.6 3.1
Betzes ms8 4 I 8 I 3.4 10 I 1.2 2.3
Svalof 50-109 ms 12 2 8 I 3.7 3 12 3.2 3.4
Unitan ms 14 2 8 3 3.9 8 3 3.3 3.6
Heines Hanna ms 6 11 2 1.1 5 1.0 1.0
Vantage ms 9 3 3 1.5 2 I 3 2 .2 1.8
Betzes ms 16 2 ' 2 I 3 2.6 3 2 1.4 2.0
Betzes check 10 1.0 10 1.0 1.0

%J Pollen appearance rating:
1) Pollen from mutants is partially shriveled or is mostly normal appearing. .
2) Pollen from mutants is mostly shriveled.'
3) Pollen from mutants is shriveled.
4) Pollen from mutants is very reduced and clumped, and is difficult to extract from the anthers..
5) No pollen was observed in the anthers of these samples.
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collected from field plants for this mutant had pollen which stained with 

all stains. The pollen of this mutant from the greenhouse varied from 

some samples with no pollen to others with normaI-appearing pollen 

(Table IV). This variation in appearance was less evident in pollen from 

field plants. No aceto-carmine staining and only a small per cent of 

IKI staining was observed in samples of ms8 from this environment 

(Table III). Acetocarmine and IKI staining was observed in ms 12 pollen 

from greenhouse plants, as well as TTC and IKI stained pollen from 

field-grown plants. In some samples from this environment, pollen which 

was stained by aceto-carmine and IKI was shrunken and clumped together, 

while other samples with no staining had normal pollen. Those field 

samples of ms 12 which had TTC stainable pollen had normal-appearing 

pollen. The variation in pollen appearance between environments which was 

present in ms8 was not apparent in ms12 (Table IV). Pollen from ms14 

collected from greenhouse plants showed staining by all three stains 

Table III) while no staining was observed in pollen from field plants.

Some fully developed pollen was observed in samples from greenhouse plants 

only. Little variation in pollen appearance was evident in this mutant 

except for the two samples with TTC stainable pollen (Table IV).

The mutants ms6, ms9 and ms16 have shown some staining by all three 

stains in pollen collected from both field and greenhouse plants (Table 

III). The mutants ms6 and ms9 had little variation in pollen appearance 

between samples from greenhouse and field plants (Table IV). Pollen 

samples of ms16 from greenhouse plants had considerable variation in 

pollen appearance (Table IV), which was less apparent in the field samples
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of this mutant.

All pollen from sterile plants which stained with TTC were fully 

developed in appearance; however, much of the. normal-appearing pollen 

did not stain. There were also several instances observed where aceto- 

carmine or IKI staining occurred in shriveled, nonviabIe-appearing pollen.

All of the mutants with TTC stainable pollen had less stainable 

pollen than did fertile plants grown under the same conditions (Table III) 

In most cases, the amount of sterile pollen stained with either aceto- 

carmine or IKI was also less than the amount of stainable pollen from 

fertile plants (Table III). There was less variation in the appearance 

of pollen from the fertile plants than was apparent in pollen from most 

of the mutants (Table IV).

Anther Measurements and Appearance. The results of the measure

ments of lengths and widths of anthers of the mutants and of their fertile 

segregates are presented in Table V. Duncan’s multiple range test was 

applied to test the significance of differences between the mean anther 

length and width of fertile anthers (Table V). Two varieties, Svalof 50- 

109 and C . I. 4961-1, had anthers which were significantly longer than the 

other varieties. The anthers of Svalof 50-109 were longer than anthers of 

four varieties, and C . I. 4961-1 had anthers longer than seven of the 

other 12 varieties (Table V). Gateway, on the average, had fertile 

anthers which were significantly shorter than anthers of six varieties. 

The anther width of Gateway was narrower than three varieties. This

variety's anthers were both shorter and naftower than the fertile anthers 

of ms4 (Table V).



Table V: Mean anther length and width from fertile and sterile plants from 18 genetic male sterile mutants in barley.

Anther Length______ __ ________  Anther Width
Variety Mutant

Fertile : 
mm

I/ 2/ 
C.V..

Sterile 2/ 
■ mm C.V.

Difference
mm

Fertile
mm

I/ 2/
C.V.

Sterile 2/ 
mm C.V.

Difference
mm

Ijietzes ms 2.35ode 2.9 2.32 1.1 0.03 2/ 0.51ab 1.4 0.34 2.9 0.17**
Compana ms2 2,4lbcde ' 1.4 2.23 1.7 0.18** 0.55a 1.3 0.38 3.1 0 .17 2 /**
Gateway ms3 2.20e 1.4 1.30 2.1 0.90** 0.49b 2.0 0.30 3.0 0.19**
Freja ms4 2.59abc 1.4 2.10 4.4 0.49'2/** 0.55a 2.2 0.34 2.9 0 .21**
Carlsberg II ms5 2.43bcde 1.3 2.08 1.2 0.35** 0.55a 2.5. 0.34 2.9 0.21**
Heines Hanna ms6 2.55abc 1.5 2.70 0.4 -0.15 2/** 0.52ab 1.3 0.51 2.9 0.0 1 2 /Dekap ms? 2.58abc 1.5 1.25 1.5 1.33 2/** 0.54ab 3 .1 0.25 2.8 0.29 2/**Betzes ms8 2.35cde 2.9 2.13 2.5 0.15** 0.51ab 1.4 0.31 2.2 0.20**
Vantage ms 9 2.24e 3.1 1.80 2.0 0,44** 0.51ab 4.1 0.34 3.5 0.17 2/**Compana ms 10 2.4lbcde 1.4 2.04 i.o 0.37** 0.55a 1.3 0.31 3.2 0.34**
Gateway msll 2.20e 1.4 2.06 1.5 0.14** 0.49b 2.0 0.38 3.1 0.11**
Svalof 50-109 ms 12 2.66ab 1.7 2.11 1.0 0.55 2/** 0.51ab 2 .9 0.34 3.5 0.17**
Haisa II ms 13 2.52bcd 1.6 2.15 1.0 0.37 2/** 0.51ab 2.3 0.32 2.2 0.19 2/**Unitan msl4 2.28de 1.3 1.94 0.7 0.34** 0.52ab 1.9 0.34 2.1 0.18**
Betzes ms l6 2.33cde 2.9 2.42 1.5 -0.0? 2 / 0.51ab 1.4 0.37 5.9 0.14 2/**
Compana ms I? 2.4lbcde 1.4 2.19 0.6 0;22 3/** 0.55a 1.3 0.35 2.0 0,20**
Compana ms 18 2,4lbcde 1.4 2.05 1.4 0.36** 0.55a 1.3 0.33 2.1 0,22**
c. i. 4961-1 ms 19 2.79a 0.8 2.19 1.2 0.80** 0.53ab 1.9 0.35 2.0 0.18**

XJ Means followed by the same letter are not significantly different at P - 0.05«
Zj C.T. = (s_ /) 100. 

x/x
I/ Weoghted t* calculated where variances were shown by F test not to be equal •
** Significantly different at P = 0.01 by t(DF = 28) or t'(DF = 14) test, Letener (58).
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Length and width of sterile anthers from the 18 male sterile mutants 

studied were compared with the size of anthers from the fertile segregates 

of these mutants. All of the sterile anthers were found to be signifi

cantly smaller in both length and width except Betzes ms, Betzes ms16 and 

Heines Hanna ms6 (Table V)» The mutants ms_ and ms16 had sterile anthers 

which were not significantIy longer, but were significantly narrower than 

fertile anthers (Table V ) . Heines Hanna ms6 had sterile -anthers which 

were significantly longer than fertile anthers. The width of sterile and 

fertile -anthers from this mutant was not significantly different.

Stomium have -been observed to occur in sterile anthers of ms6 and 

ms16 and filaments elongate at anthesis. Neither of these characteristics 

have-been observed to occur in ms_ sterile anthers.

The sterile anthers of ms3 and ms7 are shorter than any of the other 

mutants, and these-mutants also have-the largest difference between the 

length of the fertile and sterile anthers (Table V). Dekap ms7 has 

sterile anthers which are narrower than any of the other mutants.

Neither of the mutants ms3 or ms7 have been observed to have stomium 

or to have filament elongation.

Two-mutants of the-remaining 13, ms8 and ms9, have-been observed to 

have male - sterile flowers which have stomium in their anthers and to have 

had filament elongation. These characteristics have not been observed in 

any of the other mutants.

There is an interaction in these mutants for the length and width 

differences between mutant and fertile anthers. For example, the differ

ence between ms_ sterile and the average Betzes mutant fertile anther
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length is 0.03 mm while the difference between the mutant ms7 and Dekap 

fertile anther length is 1.33 mm. Another indication of this interaction, 

particularly in anther lengths, is evident in Gateway msII and Svalof 50- 

109 ms 12. These two mutants have been shown to be allelic but Gateway 

has less difference between length of fertile and sterile anthers than 

does Svalof 50-109 (Table V).

There was less correlation between length and width of fertile 

anthers (r = 0.528) than between length and width of the sterile anthers 

(r = 0.813). Both of these coefficients were significantly greater than 

zero at P =0.05. The correlation coefficients between length of fertile 

and sterile anthers (<f = 0.229) and between the width of fertile and 

sterile anthers (f = 0.112) were not significantly different from zero.

The three six-row varieties, i.:e. Gateway, Vantage and Unitan, have 
I

fertile anthers which are-shorter than anther's of . the two-row 

varieties. This was reflected to some degree in the length of the sterile 

anthers of these mutants, where three of the four six-row mutants had rela

tively short anthers. Only ms7 has sterile anthers which are shorter than 

ms3, ms9 or ms14. This difference between anthers of two- and six- row 

types (either fertile or sterile) was not apparent in anther width.

Morphological Development. The development of anthers from fertile 

plants was observed to follow the general pattern as outlined previously 

(see pages 3 through 16). In premeiotic stages, the anther sac has four 

lobes which consist of four layers: I) epidermis, 2) endothecum, 3)middle

Anthers were taken at random from both central and lateral florets.
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layer, 4) tapetum and 5) in the center, several EMCs (Figures 2 and 3)„

By telephase II (Figure 3), the middle layer is not visible and the two 

outer layers, i.e. epidermis and endothecum plus the tapetum and the 

EMCs remain. The tapetum has reached its maximum development by the 

quartet stage (Figure 4)„ The tapetum gradually degenerates during the 

pollen maturation phase (Figure 5) until by the time of anthesis, only a 

thin line of the tapetal tissue remains (Figure 6). At the time of 

anthesis, one of the -cellular partitions separating two of the lobes had 

disappeared, so that the anther appeared bilobed ,

The development of sterile anthers of ms6 was similar to that ob

served for fertile anthers, except for a few deviations which will be 

discussed in later paragraphs, and which are illustrated in Figures 4,

5 and 6.

The sterile anthers of ms6 and to some degree of ms8 were apparently 

normal in appearance and stainability of pollen (see sections on Eollen 

Stainability and Anther Measurements and Appearance, pages 33 and 40. 

Anther development through meiosis of these two mutants and of the fertile 

was nearly the same, except that the tapetum of the mutant anthers had 

reached its maximum development and some separation between tapetal cells 

had occurred in the premeiotic stage (Figure 2). However, there was 

apparently no further visible -degeneration of the tapetum throughout the 

rest of meiosis, and meiosis proceeds normally for either mutant. 

Development of the tapetal cells of Dekap ms7 sterile anthers was the same 

as the development of fertile anthers up to about telephase II, where 

there was some swelling of the tapetal cells (Figure 3). Meiosis of this
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a) fertile

c) ms 8

Figure 2. Cross section of premeiotic anthers (900X): a) one lobe of
a Betzes fertile anther; b) two lobes of an anther of ms6; 
and c) two lobes of an anther of ms8. Epidermis (Ep), 
Endothecum (En), Middle Layer (M), Tapetum (T), Pollen 
Mother Cells (PMC).
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a) fertile b) ms7

Figure 3. Cross section of one lobe of meiotic anthers (900X): a) a
Betzes fertile anther at telephase II and b) sterile anther 
of ms7 at telephase II. Epidermis (Ep), Endothecum (En) , 
Tapetum (T), Pollen Mother Cell (PMC).
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c) ms 8 d) ms 7

Figure 4. Cross sections of a) one lobe of Betzes fertile, and b), c) 
and d), one lobe of sterile anthers of ms6, ms8 and ms7 
respectively, at quartet stage. Tapetum (T), Microspores (M) 
900X.
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e) ms7 f) ms7

Figure 5. Cross sections of a) one lobe of Betzes fertile anthers; b)
and c) respectively, one lobe of ms6 and ms8 sterile anthers, 
all at free microspore stage; and d) through f), two lobes 
of ms7 sterile anthers after quartet stage (900X;. Tapetum (T) , 
Sporogenous Tissue (ST) , Pollen (P), Pollen Nuclei (PN), 
Vacuoles (V).
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I

a) Betzes fertile

c) ms 8 d) ms 7

Figure 6. Gross section of one lobe (900X) of a) Betzes fertile anthers, 
and b), c) and d) respectively, of sterile anthers of ms6, ms8 
and ms7 at a stage comparable to anthesis. Tapetum (T), 
Tapetal and Sporogenous Tissue (TST) , Pollen (P), Pollen 
Nuclei (PN).
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mutant is apparently normal also.

At about the quartet stage, differences began to appear, especially 

between anthers of the different, mutants and between fertile anthers and 

those of ms7 and ms8. The development of anthers of ms6 was similar to 

fertile anthers, except the separation between tapetal cells is also 

evident at this stage (Figure 4). Considerable tapetal degeneration of ms8 

anthers at the quartet stage was apparent (Figure 4). The tapetal cells 

were*well separated from each other and some of the cells had apparently 

collapsed. In sterile anthers of ms7, at the quartet stage, some swelling 

of the tapetum was also apparent. The tapetal nuclei had become large and 

were darkly stained, so that they were more prominent than in fertile 

anthers or anthers of the other two mutants (Figure 4). The s'porogenous 

cells of this mutant behaved the same as the fertile genotype throughout 

this stage of development.

In the free microspore stage, the similarity between fertile and 

sterile anthers of ms6 was still apparent (Figure 5). Tapetal degeneration 

and pollen development had proceeded at about the same rate in both geno

types. Beyond the quartet stage, ms8 had tapetal degeneration which had 

slowed down considerably. By completion of pollen mitosis, the tapetals in 

fertile anthers are mostly gone; however, ms8 has considerable tapetal 

tissue remaining (Figure 5). Free-microspores with pollen nuclei are 

evident (Figure 5). After the quartet stage in sterile anthers of ms7, the 

walls of the microspores started to degenerate while the tapetum remained 

enlarged (Figure-5) . The -.microspores degenerate into a near periplasmodiaI. 

condition, and then the tapetum starts to degenerate with the cells
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developing large vacuoles (Figure 5). Microspore degeneration proceeds so 

that little remains except for some vestige of sporogenous tissue (Figure 5). 

At this time there was a great deal of tapetal tissue remaining, although 

there were no apparent tapetal cell walls remaining. These cells still 

are quite enlarged with prominent nuclei (Figure 5).

Heines Hanna ms6 had mature anthers which are the same as fertile 

anthers (Figure 6). Both of these genotypes had normal-appearing pollen 

and the tapetum was reduced to a"thin line of tissue. The anthers of both 

fertiles and ms6 have no partitition between two of the lobes, so that at 

maturity the anther is bilobed. By the time the sterile anthers are mature 

in ms8, the pollen is shriveled (Figure-6) and the tapetum has also degen

erated, so that only a thin line of tissue remains. No pollen nuclei are 

apparent in these cells. The mature anthers of ms8 observed in this study 

possess four separate lobes, which is in contrast to the fertile type and 

ms6, where two separate lobes are present at maturity. In the mature sterile 

anther of ms7, the lobes are flattened and contain only a reduced amorphous 

mass of tapetal and sporogenous tissue (Figure 6). The epidermis and 

endothecum remain, contrasted with mature fertile anthers where little or 

nothing remains of the endothecum (Figure 6).

Variation in the development within the sterile anthers of ms8 was 

apparent. In Figure 7, one of the lobes of this anther had pollen which is 

apparently more degenerated than the others. The-tapetum in this case-was 

more-swollen than the tapetum of the-other lobes, and considerable vacuoli- 

sation of the tapetal cells was apparent. There was one lobe of a mature 

sterile anther of ms8 where the pollen is completely normal (Figure 7).
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a) Variable pollen degeneration b) Normal appearing pollen

Figure 7. Cross section of sterile anther of ms8 (900X): a) two lobes
at free microspore stage, and b) one lobe at anthesis. 
Tapetum (T), Sorogenous Tissue (ST) , Pollen (P), Pollen 
Nuclei (PN) , Vacuole (V).
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Pollen muclei are present in these grains. The tapetal tissue has degen

erated to the same extent as has been observed in the other genotypes which 

have normal-appearing pollen at this stage. Even though mature pollen is 

present, in contrast to the anthers of the fertile genotype and of ms6, this 

anther had four separate lobes.

Even though in most cases of ms7 the ■ sporogenous tissue breaks down 

rapidly after the quartet stage, it xiras observed in one anther that micro- 

sporogenesis proceeded beyond the quartet stage (Figure 8). As in the 

other samples, the tapetal tissue is enlarged. In some cases, after 

tapetal breakdown had occurred, this mutant had discernible microspore cell 

walls (Figure 8).

Sterile Crossability. The sterile pollen crossability is summarized 

in Table VI. There was only one case, Compana ms18 sterile-male x Compana 

ms2 female, where any seed was obtained which may actually have resulted 

from these crosses. One seed was set on one head from this cross in 1967, 

and was the only case out of six heads pollenated where any seed resulted.

The F  ̂ seed from the Compana ms 18 sterile male x Compana ms2 sterile 

female was grown in the greenhouse in the winter of 1967-68, and the 

resulting Fg seed was grown in the field in 1968. This Fg population 

yielded 55 fertile and 42 sterile plants. The sterile plants, had anthers 

which had no apparent stomium. All of the plants except one fertile plant 

had semi-smooth awns, indicating these plants were all Compana. The Chi- 

square test (X^ = 0.007 for DF = I at P greater than 0.95 and less than 

0.90) indicated a good fit for the ratio of nine fertiles to seven steriles.



a) Free microspore b) Cell walls of sporogenous tissue

Figure 8. Cross section of a sterile anther of ms7 (900X): a) two lobes
and b) one lobe of anther after quartet stage. Tapetum (T), 
Cell Walls of sporogenous tissue (CW), Microspores (M).



Table VIt Seed set of crosses,made in 1967 an^ 1968 between three different sterile genotypes as female and nine sterile and fertile.genotypes as males.

Females l/ - - - . - .... Average of
ms2 ms? fertile males 

over allFertile Male Sterile Male Fertile Male Sterile Male Fertile Male Sterile Male
Florets Seed Set Florets Seed Set Florets Seed Set Florets Seed Set Florets Seed Set Florets Seed Set f ATTlal PR

Males Number 2 Number 2 Number 2 Number 2 Number 2 Number 2 2

Heines Hanna ras6 9 1 3 6 . 3 8 9 0" 46 7 6 . 1 2 7 0 46 6 0 , 8 5 0 0 5 7 . 7

Betzes ms8 91 38.5 176* 0 45 9 1 . 2 137* 0 43 7 4 . 4 ■ 104* 0 68,0

Vantage ms9 9 4 46.8 103 0 73 7 6 . 7 46 ' 0 43 7 2 . 1 44 0 6 5 . 2

Compana ms 10 9 5 54.7 94 0 51 35.3 52 0 51 84.3 • 50 0 58.1

Unitan ms 14 9 6 78.1 98 0 90 90.0 6 9 0 46 73.9 46 0 8 0 . 7

Betzes ms l6 9 6 50.0 154* 0 48 6 0 . 4 129* 0 47 87.2 8? 0 65.9

Compana msl7 9 5 69.5 98 0 5? 8 0 . 8 50 0 70 75.7 48 0 75.3

Compana ms 1 8 121* . 76.0 205* 0 1 6 3 * 8 8 . 9 1 6 2 * 0 . 6 2 133* 69.2 141* 0 78.0

C. I. 4961-1 msl9 8 9 6 0 . 7 88 0 50 8 8 . 0 48 0 44 77.3 42 0 75.3

\ f  Total florets of 196? crosses, except for those totals indicated by *, which are totals of 196? and 1968 crosses
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The Chi-square test for fit to a three to one ratio (X^ =17.323 at P less 

than 0.005) indicated a very poor fit for this ratio.. ^

Shading Effects. When the three varieties were placed in three 

different shading levels, seedling emergence of all three varieties Was 

increasingly delayed with a decrease in light intensity for the first two 

runs. In Run 3, flowering of plantp in Shading Level 2 was delayed about 

12 days from those in Shading Level I. Figures 9, 10 and 11 show plants 

of the three varieties from each shading level in Run I when plants in 

Shading Level I were in flower. In Run 3, flowering of the plants in 

Shading Levels I and 3 occurred at about the same time, Vhile the flowering 

of plants in Shading Level 2 occurred on the average about fen days earlier.

Analysis of variance of the results of the effects of shading on per 

cent stainable pollen revealed significant differences in all three runs 

(Table VII).

Duncan's multiple range test applied to the treatment means for per 

cent TTC stainable pollen is presented in Table VIII. The differences in 

the rankings of treatment means of each variety in Run I is indicative of 

the significant variety x shading interaction. In this run, only Betzes 

behaved as expected with a decrease in per cent stainable pollen with an 

increase in shading (Table VIII). In Run 2, Vantage was the only variety 

to have significant differences in per cent stainable pollen from early 

tillers between shading levels. In this case, Vantage had stainable pollen 

from Shading Level 3 which was significantly less than from Shading Levels 

I or 2 (Table VIII). For late tillers of Run 2, the variety x shading



Shading 
Level I

Shading 
Level 2

Shading 
Level 3

Figure 9» Betzes plants from three different shading levels at the
flowering time of Shading Level I*
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Figure 10 Dekap plants from three different shading levels at the
flowering time of Shading Level I.
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Figure 11« Vantage plants fi*Dm three different shading levels at the
flowering time of Shading Level I.
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Table VIIs Analysis, of variance. o£. per., cent s.tainable.. pollen.,.from ,.three 
varieties,- at three .shading levels over three runs in the 
controlled climate chamber«

. Run I Run. 2 Run3
Source DF . MS DF MS DF MS
Treatments 8 2293.73** 8 1461,92** 8 649.00**

Varieties 2 2273.38** 2 761.09** 2 1992,93**

Shading 2 2642.84** 2 4079.66** 2 566014**
Varieties x Shading 4 2129.36** 4 563.52 4 108„46

Maturity I 31985.19** I 0.03

Variety x Maturity 2 5892.53** 2 55.42

Shading x Maturity 2 2123.97** 2 662.67**

Error. . 135 305.86 390 ... 227.73 189 174.91

Total 143 403 202
GeV0 = (s_ /JlOO = 5o.91 3.00 8„57

x/ x
S = 11.49 15.09 13.22

^Significant differences between means at Ps= 0.05. 
^Significant differences between means at P = OcOl8



Table VHIj !lean Differences In per cent TIC stalnable iPollen as dmtAminnd by D m e in's multiple range test of three varieties In three shading levels and two maturity levels over three runs.

• Haan SfaAnable Pollen l/
Average of Runs 2 and 3

Random Early Tillers Average Rarlv THlers Average Average
Shading

Treatment Variety -I5 Vel. Variety — 2— Ihrigtz ___2__ Variety 2 Variety ___2___ Variety — 2—  •• Variety — ^ Jhriotz ___2__ Ihrietz Variety — 2— Jhrietz — 2— Jhri2Jz --

I Bets.s I 3i.Wbc 2 39.708b 3 5.39de 3 22.54bc 3 12.25ab I 30.62a I 21.43a 3 25.97ab I 18.OOab 2 2 1.98ab I 2 5.12ab

2 Betzes 2 2 17.50de I 40.81a 2 l8.87bc 1 29.84a 2 15.37a 2 15.33bc 2 15.30ab I 28.90a 2 17.IOab I 22.57a 2 20.85abc

3 B d " . 3 3 6.44e 3 35.25abc 1 21.55bc 2 ZBMzb 1 17.78a 3 O.OOd 3 2 26.Slab 3 10.??abc 3 l8,64abc 3 14.56c

Variety moons 19.63b 38.55a 15.25b 26.90a 15.Ha 15.30a ,5.80. 2 6.83a 15.27a 2 1 .05a 20.62ab

4 W p 2 29.33bcd 1 35.73abc 3 2.55c 3 19.14c 2 8.78ab 2 2.50cd 2 5.64c 2 2.25abc 3 2 .52c 12.39c l8 .02bc

5 Dekap 2 3 ll.We 30.38c 1 25.38b I 27.88ab I 9.67ab 1 6.90cd I 6 .l8bc 2 2 0.02abc 1 l6.l4ab I 18.OBabc 3 15.85=
6 Dekap 3 I 32.25b 3 30.17c 2 1 2.66cd 2 21.51bc 3 1.46b 3 2 .25ed 3 2.35c 3 l6.31bc 2 7.55bc 3 ll.93c 1 l6 .68bc

Variety means 20.75b 13.58b 22.82. 6 .96b 3.88b 5.42c 19.15b 8.73b 14.12b 16.31b

7 Vantage , 2 30.06cd ! 34. IOabc 3 21.55bc 2 2 7.82.b 2 14.00a 21.17ab' I 17.58. I 24.05abc , 21.36a 22.70a 2 25.13ab

8 Vantage 2 I 44.69a 2 29.22c 1 35.60a I 32.4la I 13.75a 3 0.83d 7.29bc 21.48abc 2 I8 .21ab 2 19.85ab I 28.10a

9 Vantage 3 3 l8.77cde 3 I8 .86d 2 2 5 .70b 3 22.,28bc 3 10.23ab 2 4.OOcd 3 7.Ilbc 3 14.54c 3 19.98ab 3 I4.69bc 3 16.04c

Variety imeans 32.50a 2 7.36b 25 .59a 27.47a 12.64a 8 .66b 10.65b 2 0.00b 18.83a 19.06. 2 3.52a

l/ Heaiis with like letters are not significantly different at P = 0.05.

~8̂
~
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interaction was not significant but is still present, with Shading Level 2 

having the lowest amount of stainable pollen for all three varieties '

(Table VIII). The interaction between early and late tillers resulted in 

Shading Level 2 having the highest per cent stainable pollen when the amount 

of stainable pollen from early and late tillers from Run 2 plants were 

averaged. Early tillers from Run 3 plants had no significant differences 

in the amount of stainable pollen from any. of the three varieties (Table VIII) 

There was a significant variety x shading interaction in per cent stainable 

pollen from late tillers in this run; however, Shading Level I had the 

highest amount of stainable pollen except for Dekap. When per cent stain

able pollen from early and late tillers from Run 3 were averaged, the amount 

of stainable pollen from the different shading levels was as expected except 

for Dekap, which had no significant differences between shading levels 

(Table VIII). When the amounts of stainable pollen from all three runs 

were averaged, the amounts of stainable pollen from the different shading 

levels for Betzes was as expected (Table VIII). Dekap had no differences 

between the amount of stainable pollen from the different shading levels. 

Vantage had stainable pollen from Shading Levels I and 2 which were not 

different; however, both Shading Levels I and 2 had significantIy greater 

amounts of stainable pollen than was obtained from Shading Level 3.

In Run I, Vantage had more■stainable pollen than Betzes or Dekap. In 

Run 2, Betzes had the greatest amount of stainable pollen from early tillers; 

however, Vantage had the greatest amount of stainable pollen from late 

Tillers (Table VIII). The multiple range test for Run 2 indicates no
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significant difference between varieties when the amount of stainable pollen 

is averaged over early and late tillers. In Run 3, Betzes had the greatest 

amount of stainable pollen, follwed by Vantage and then Dekap. When Runs 2 

and 3 were averaged, Betzes and Vantage had amounts of stainable pollen 

which were greater than Dekap but were not different from each other 

(Table VIII). The average of all three runs showed Vantage to have a sig

nificant Iy greater amount of stainable pollen than did Dekap. Betzes and 

Vantage, and Betzes and Dekap were significantIy different (Table VIII).

When all varieties are averaged for each shading level, the amount of 

stainable pollen from these shading levels was as expected for all cases 

except from late tillers in Run 2 (Table IX). In that case, the ranking 

was: Shading Level 2, Shading Level 3 and Shading Level I (Table IX).

Early tillers had the greatest amount of stainable pollen for both 

Runs 2 and 3; however, there was no significant difference between stainable 

pollen from early and late tillers in Run 3 (Table IX).

No significant correlation was found between treatment means of the 

three runs for per cent stainable pollen. The correlation for treatment 

means of Run I vs. Run 2 was r = -0.31; Run 2 vs. Run 3,r = 0.012; and Run I 

vs. Run 3, T-  0.098.

The appearance of the pollen samples taken for staining varied greatly. 

There were anthers which had little or no pollen, others with shriveled 

pollen which was clumped together, others with shriveled pollen and still 

others with various proportions of shriveled and normal appearing pollen.

The appearance of the pollen in general was very similar to the pollen 

observed from sterile plants as described in the Pollen Stainability section.



Table DC: Maaw ^ffareneas in per cent TTC stadnable pollen as determined by DuncantS multiple range test In three shading levels In Run I. and Arom early and late tillers for Runs 2 and 3.

Shading

Stadnablo Pcllen l/
Average of Runs 2 and I

rjlflv TtIIaM Tatm TtITaM Avarare Rrirlv Ttllars Late Tillers . Average EfirlV Tiileri Lata Ttllars Avarara Hu-J
Shading ^

Rank of 
Shading Shading Shading Shading Shading ^ Shading ShadingLewi - 2 Shading Shading Shading-Leyol

I 3 0.28a I 36.47a 3 9.82c 3 23.14b «2 11.66a

2 2 24.53b 32.Wb I 26.59» I 29.5U I 12.92a

3 3 19.15b 3 2 8.06b 2 2 0.02b 2 24.04b 3 10.15a

X 24.66 32.32ft 2/ 18.81b 2/ 25.56 11.56ft 2/

I 18.03ft ‘ I 14.87ft 2 13.95ab 19.00a 22.74a"
2 7.68b 2 10.30ft 2 I 17.13ft I 19.90a 2 21.43a

3 2 .08b 3 6 .11b 3 3 11.05b 3 15.07b 3 16.42b

9.27ft 2/ 10.41 21..92a 2/ 14.03b Zj 17.97 20.19

\j Means with Idke letters are not significantly different at P = 0.05* '

2/ IIaturity level means.
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Analysis of variance of the results of the effects of shading on the 

per cent seed set also indicates that there was significant difference 

between threatment effects for Runs 2 and 3 (Table X). The main effects 

of varieties and shading also showed significant differences for per cent 

seed set for both runs. The interaction of variety x shading effects was 

significant only in Run 3. There were significant differences in per cent 

seed set from early or late tillers in Run 2. The interaction between 

variety x maturity effects and shading x maturity effects was also signifi

cant in this run.

Tables XI and XII show the results of Duncan's multiple range test on 

the per cent seed set for Runs 2 and 3. There is a better correlation 

between treatments of Runs 2 and 3 than was present in the case of stainable 

pollen. The correlation coefficient of 0.634 was obtained and is signifi

cantly greater than zero at the five per cent level.

Unlike the results obtained in stainable pollen, there were significant 

differences between treatment means from early tillers for both Runs 2 

and 3 (Table XI). In each variety. Shading Level 3 had the least amount of 

seed set from late tillers in both of these runs. In Run 2, each variety 

had the least amount of seed set from late tillers in Shading Level I; 

however, the seed set was not significantIy lower from Shading Level I than 

the seed set from the other two shading levels in all cases. The interaction 

between seed set from early and late tillers in Run 2 resulted in no differ

ences in averaged treatment means for Betzes and Dekap. In Vantage, however, 

this interaction resulted in Shading Level 2 having the greatest amount of 

seed set. In Run 3, each variety in Shading Level 3 had the least per cent
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Table Xg
at three shading 
chamber«

Run 2 ... Run 3
Source DF MS DF , MS
Treatments 8 4994,00** 8 5913.98**

Varieties 2 12206,50** 2 5842,28**

Shading 2 4760,50** 2 10234.16**

Varieties x Shading 4 1514.50 4 3789.75**

Maturity I 144904,00** ■ I 832,50

Variety x Maturity 2 7642.50** 2 393.03

Shading x Maturity 2 14925.00** 2 1468,22

Error 452 927.15 256 867.62

Total 465 269

O0Ve Cs 7)100 = 3,41 5 .7 7
x/x

S .SS 30,45 29645

**Significant differences between means at P = O0Ol9



Table XIi Kean differences In per cent seed set as determined by IXmean's multiple range tost of three varieties in-three shading.levels and two maturity levels in two runs in the controlled oHwote chamber.

Run 2 Ti TlAM
per cent Seed Set l/ 
Run 3 lWnBT-C

AveraKe Average .
Shading

iataifmt Variety Level Variety a Variety < Variety 5 Variety 4 Variety * Rank in 
Variety < 4

Rank in 3 4

i Betzes i 87.61a 3 26.74cd I 57.ITbc 2 35.47bc 3 8 .82b 37.l4d 2 61.54 ab 2 32.78bcd 2 47.l6bcd

2 Betzes 2 2 75.44ab 2 32.35bcd 2 53.57bc I 52.46» 52.20a 52.33ab I 63.93» I 42.27abc I 53.IObc

3 Betzes 3 3 56,98cd I 46.15b 3 51.568c 3 2 9 .36c 3 8.44d 3 I8.90d 3 43.17bc 3 2?.29cd 3 35.23d „

Variety means 73.26a 35.04b 54.15b 3 9 .06a 33.12a 3 6 .09» 56.16 ab 34.08b 45.12b

4 Dekap I 83.30ab 3 18.641 50.97bc , 40.60abe 26.78bc 33.69od j 6t.95 ab 22.71cd 1 42.33bcd

5 Dekap 2 2 73.64abc 2 2 5 .8 lcd 49.82bc 2 27.07c 2 19.01bcd 2 23.l4cd 2 50.45 ab 22.4lcd 2 36.43d

6 Dekap 3 3 54.8H 26.27cd 3 44.45c 3 2.44d 3 O.OOd 3 „1.22e 3 28.54 c 3 13.33d 3 20.93c

Variety means 70.52a 23.55c 48.36b 23.35b 15.25b 19.30b 46.93 b 19.46c 33.20e

7 Vantage 2 71.42abcd 3 3 56,84bc 52.18a I 58.55a , 55.36a 2 6l .80' ab 2 50.4lab 5 6 .IOab

8 Vantage 2 I 80.?6ab i 67.00» I 75.60a 2 49.78ab 2 54.94a 2 52.36ab I 65.27 » I 60.97a 63.12a
9 Vantage 3 3 69.l4bcd 2 47.55b 2 58.34b 3 29.44bc 3 I4.03cd 3 21.73cd 3 49.29 ab 3 30.79bc 3 40.04cd

Variety means 73.30a 5 2 .22a 63.53» 4 3 .76» 42.46a 43.11a 58.73 » 47.34a 53.03a

\J Keans with like letters are not significantly different at P = 0.05«

Io\-P-



Mean ^  -fferenees in per cent seed set as determined by  Duncan's multiple range test of three shading levels,in early and late tillers for runs two and three in the controlled'

Mean Stainable Pollen l/
Run 2 Ran 3 Averags of Two Runs

Shading
Average Late Average

Rank in
3 1X^el1 4

Rank in
4 Level * £ g

Rank in 
Level <

Hank-'in
g

Rank in
4,

I I 80.69a 3 29.18b 2 54.93a 2 42.71a 2 4li34a 2 42.02a I 61.70a 2 35.26a 2 48.48a

2 2 76.59a I . 41.68a I 59.13a I 43.06a I 42.01a I 42.53a 2 59.82a I 41.84a I 55.83a

3 3 . 60.19b 2 39.95a 3 49.57b 3 20.39b 3 7.48b. 3 14.08b 3 40.29b 3 23.71b 3 32.00b

72.42a 2/ 36.94b 2/ 54.54 35.39a 2/ 30.28a Zj 32.82 53.94a 2/ 33.60a 2/ 45.44

I/ Means with like letters are not significantly different at P = 0.05. 

2/ 'Respective maturity level means.
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seed set from late tillers as well as from early tillers Cf able XI) and this 

was also true when the seed set for Runs 2 and 3 were averaged (Table XI). 

Vantage had the largest seed set for both Runs I and 2 (Table XI).

Shading Levels I and 2 had seed set which was not significantly differ

ent but both had a significantly greated seed set than Shading Level 3 

except for Run 2 (Table XII). In Run 2 late tillers, the amount of seed 

set from Shading Level I was significantly lower than that from Shading 

Levels 2 or 3. As in the per cent stainable pollen, early tillers had the 

greatest amount of seed set in both runs. Run 3 did not have a signifi

cantly greater amount of seed set from early tillers, however (Table XII).

No attempt was made to determine the effect of these treatments on the 

female portion of the flower. The stigma, style and ovary all appeared 

normal and the flowers behaved similarly to flowers on sterile plants, 

since those flowers which were not fertilized would open.



DISCUSSION

■Pollen Stainability and Appearance. The results of staining pollen of
I

the 18 male sterile mutants indicated that six of these mutants had poten

tially viable pollen as indicated by the presence of respiration with TTC 

staining. One of these mutants, ms9, has demonstrated pollen fertility by 

the ability to set selfed seed. One other mutant, ms17, was reported to set 

selfed seed at Bozeman and Tucson, Hockett and Eslick (43)  ̂ however, no 

pollen from this mutant was able to reduce TTC. Generally, a greater amount 

of pollen from fertile plants was capable of reducing TTC than the pollen 

from these six mutants. However, the difference between the amount of pollen 

staining in sterile mutants and the fertile types could not account for the 

lack of fertility which exists in these mutants. For example, ms9 had less 

TTC staining than most of the other five mutants, but this mutant is the 

only one of the six which has been observed to set selfed seed. Three of 

these mutants, ms'6, ms8 and ms 16, had considerable pollen capable of reducing 

TTC under most of these conditions, but have had no pollen which has demon

strated any fertilization ability. Therefore, it would seem that TTC has 

no value as an indication of the ability of barley male sterile pollen to 

effect fertilization.

The presence of chromatin material is indicated by aceto-carmine and 

starch by IKI, Gurr (38). Sincemicrospore degeneration usually occurs 

rather late in the development of anthers (see Morphological Development, 

pages 40 through. 48), it is possible that these substances could accumulate

^This includes ms6, ms8, ms9, ms 12, ms14 and ms16.
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within the microspore prior to degeneration. Some of these cellular sub

stances, i.e. either chromatin or starch, could remain in the pollen grain 

after degeneration of that grain; these materials would then stain with 

either aceto-carmine or IKI, even if the pollen grain was nonviable. Thus 

these two stains, aceto-carmine-and IKI, indicate only the presence of 

these particular cellular substances and are of little value for an indica

tor of barley male sterile pollen viability. However, the absence of 

pollen staining by any of these materials would be a positive indication of 

nonviability.

Several different techniques to obtain germination of fertile pollen 

were attempted with no repeatable results. Therefore, it was not possible 

to correlate the amounts of staining with pollen tube ,growth.

The large number of different loci for male sterility would make it 

advantageous to be able to group these mutants into categories. Thus, it 

would be possible to assign a newly-found mutant to the category with simi

lar characters, and this mutaqt would be tested for allelism first against 

mutants in that category. It is possible to assign the 18 male sterile 

mutants to four distinct categories based on the following criteria: I) 

the ability of the mutant to set selfed seed; 2) the TTC staining character

istics of the pollen; and 3) the condition and appearance of the pollen and 

anthers^. The four categories were set up as follows: Category A contains

all those mutants which have the ability to set selfed seed. Category B has 

those mutants whose pollen will usually reduce TTC. Most of the pollen of

.^Anther sizes and appearance in relation to these categories will be 
discussed in the next section: Anther Measure and Appearance.
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these mutants is nearly normal in appearance. Category C mutants have 

nonstainable pollen, and in many cases no pollen in mature anthers. If 

pollen is present, it is very reduced and clumped together and only in a few 

instances would free pollen grains be -found. Category D contains the rest 

of the mutants. The'mutants in this latter category are fully sterile; 

however, there could be considerable variation both as to staining and pollen 

condition. If TTC stainable pollen was present, it would occur in only a 

small amount and only in a few samples. Most of the pollen would be 

shriveled and devoid of cytoplasm, although variation from no pollen to 

normal-appearing pollen could occur. Mutants which cannot be easily placed 

in one of the other categories would be placed in Category D.

The 18 numbered male sterile mutants can be assigned to these cate

gories in the following manner;
O

Category A: This grouping contains ms9 and ms!7 . Both
of these mutants have been observed to have set selfed seed; 
however, msI7 has been observed to have only a small amount 
of seed set, Hockett and Eslick (43),

Category B ; The mutants ms6, ms8 and ms16 are placed 
in this group. All three of these mutants have had consider
able TTC stainable pollen and pollen which is near normal in 
appearance, especially under field conditions. Betzes ms8 has, 
pollen which is quite variable in appearance and staining and 
under greenhouse conditions had no TTC stainable pollen, and 
might therefore be placed in Category D. However, pollen 
from field-grown plants of ms8 was much less variable in 
appearance with most samples having normal-appearing pollen.
The other two mutants studied, ms 12 and ms 14, which had TTC 
stainable pollen, had mostly shriveled grains with only a few 
samples having normal-appearing pollen.

^Kindred ms 15 would also be in this group because of its ability 
to set selfed seed, as reported by Hockett and Eslick (43).
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Category C : This category has ms3 and ms7, both of which
have pollen which is very reduced under all conditions„ Pollen 
tissue is observable only upon microscopic examination. Dekap 
had pollen masses from greenhouse plants which showed a small 
per cent of IKI staining. However, this staining occurred in 
shriveled and clumped pollen.

Category D: This group contains the largest number of
mutants, including ms, ms2, ms4, ms5, ms10, ms11, ms 12, ms 13, 
ms14, ms 18 and ms 19. Within this group there is considerable 
variation in pollen staining and pollen appearance, depending 
on environment. However, the majority of these mutants had 
no stainable pollen. Usually the pollen will be shriveled with 
separate grains apparent and devoid of cytoplasm. The pollen 
staining which was observed, except for ms12 and ms 14, was 
stainable with aceto-carmine and IKI and had TTC staining only 
in a limited number of samples.

Anther Measurements and Appearance. The lack of differences in length
;

between ms sterile -anthers and its fertile anthers (Table V) has ho apparent 

relation to the sterility characteristics of this mutant, as ms has com

pletely sterlie-appearing pollen and anthers under all conditions. Heines 

Hanna ms6 has sterile anthers which are significantIy longer than its 

fertile anthers * while the width of its sterile anthers was not different 

from the width of fertile anthers (Table V). The normal size of ms6 sterile 

anthers along with the presence of stomium and filament elongation substan

tiates the observation that these anthers, in many cases, can't be disting

uished from fertile anthers. It is possible that the mutation for sterility 

in this case is associated with a factor for increased anther.length.

Betzes ms8 and Vantage ms9 have normal pollen and anther appearance 

in some cases, and have no significant differences between fertile and 

sterile anther sizes. Both of these mutants had sterile anthers which were 

smaller than their fertile anthers however,, and therefore, they lack
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correlation between anther size and appearance. The mutant ms 16 also 

has been observed to have sterile anthers which are apparently normal and 

would also be expected to have sterile and fertile anther width which was 

not different, as ms6. It would seem evident that the actual width of the 

sterile anthers of this, mutant is also independent of the outward appear

ance of these anthers. The small differences between width of fertile and 

sterile anthers and the small variation around these values would contribute 

to this apparent independence of size and appearance.

Anther size is of little assistance in assigning the different male 

sterile mutants to any of the four categories. In the discussion on Pollen 

Stainability, these 18 numbered mutants were assigned four different cate

gories based on ability to set selfed seed, pollen staining characteristics 

and the appearance of the pollen.

Category A (ms9 and ms 17): This category has those mutants which are

able to set self ed seed. These two mutants, ms 9 and ms 17, i,f they are able 

to set selfed seed, could be expected to have anthers which are the approxi

mate size of the fertiles. However, both have anthers which are significantly 

smaller than fertile anthers (Table V) and have sterile anther sizes nearly 

the same as the anthers of several other mutants which are assigned to 

other categories. Anther appearance is also of little assistance in this 

case in assigning the mutants to this category. The mutant ms9 has been 

observed to have stomium and filament elongation which would be expected 

if any pollen fertility was to occur., However, ms17 has never been observed 

at Bozeman to have either stomium or filament elongation.
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Category B (ms6, ms8 and ms 16): This category has those mutants which

have TTC stainable pollen and normal-appearing pollen and anthers. Anther 

size and appearance could be used to assist in assigning ms6 to this category 

since it has anthers near normal in appearance and size. Betzes ms8 has 

also been observed to have normal-appearing anthers. However, the measure

ments of the length and width of the sterile anthers of this mutant showed 

that these anthers are both shorter and narrower than Betzes fertile anthers, 

which is also an indication of the independence of anther size and anther 

appearance. Therefore, this mutant could be assigned to -other categories 

on the basis of anther size alone, This same argument can be applied to 

msI6 to some degree. This mutant has normal-appearing anthers except for 

anther width, and if this were considered by itself would require ms16 to 

be assigned to another category.

Anther size of the two mutants in Category C, ms3 and ms7, aids in 

placing these two mutants in this category. These two mutants have little 

or no pollen in sterile anthers, and therefore the anthers of these mutants 

would be expected to be quite small and both have anthers smaller than 

other mutants (Table V).

Category D has mutants which have considerable variation between them 

in pollen stainability and pollen appearance. There is also considerable 

difference between the mutants in the - size of sterile anthers compared to 

fertile anthers. However, this variation in the difference in fertile and 

sterile anther size would not necessarily characterize a mutant as belonging 

to Category D, as other mutants in other categories, i.e. Category A also
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have this variation between the differences in sizes of the fertile and 

sterile anthers. However, none of these mutants have-been observed to have 

anthers with stomium or filament elongation.

Bartlett's test of homogeneity of variances has shown significant 

differences betweeen variances of the lengths and widths of the sterile 

and fertile anthers of the mutants studied. Even if these variances are 

different, they are very small and therefore, the samples of anthers which 

were taken for this study are quite homogenous.

It would be expected that mutants with high variability in pollen 

staining and appearance would alsp have a relatively high variability in 

anther size. This would seem not to be generally applicable in this case. 

There are three mutants, ms3, ms4 and ms8, which have relatively high 

coefficients of variability for sterile anther length, and one, ms16, with 

a relatively high coefficient of variability for sterile anther width. The 

mutants ms3 and ms4 are two mutants' which are the most stable in pollen 

staining and appearance. The mutants ms8 and msI6 were variable in pollen 

staining and appearance -under greenhouse conditions, but much less so when 

samples were taken from the field. Other mutants which were observed to 

have more pollen variability than ms3 or ms 16 under field conditions had 

relatively small coefficients of variability for sterile anther length of 

width.

Morphological Development. Three genetic male sterile mutants (ms6, 

ms7 and ms3) and a fertile genotype were studied and found to have different 

developmental patterns of their anthers. The.major differences in anther
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development are summarized in Table XIII.

Kaul and Singh (49) reported the morphological development of four male 

sterile lines in barley. Their observations on fertile anthers were similar 

to the results with fertile anthers in this study. However, there were some 

instances in the case of sterile lines where the observations of the two 

studies differed. These workers did not observe any development such as 

was found in ms6. They describe the sporogenous tissue of the two-row 

steriles as degenerating immediately following the quartet stage, which is 

similar to the observations on sterile anthers from ms7. They also described 

the six-row types as having degeneration of, sporogenous tissue starting at 

the free microspore stages, which corresponds to the observations made by 

this author on ms8 (Figure-5). The tapetum was described by Kaul and Singh 

(49) to continue to "grow" until after pollen degeneration had started.

Except for ms7, this is contrary to the -observations made in this study.

Some tapetal degeneration in the form of cell separation in premeiotie 

anthers was evident in ms6 and ms8 prior to any sporogenous tissue degener

ation. The - tapetum of sterile anthers of ms6, except for those cells which 

showed early separation, degenerated in the same manner as the fertile 

anthers. In anthers from ms8, tapetal degeneration slowed after the quartet 

stage; however, increased size was not observed in this mutant. In ms7 

sterile anthers, the tapetum starts to swell during the latter stages of 

meiosis and continues after the quartet stage, which perhaps is what these 

workers were referring to as growth. The sudden collapse of the tapetum 

which Kaul and his group described was not observed.



Table XIII: Summary of morphological development of anthers from three male sterile mutants and from a fertile variety.

Variety 
or Mutant Tissue Meiosis Quartet Free Microspore Dehiscence

Betzes Sporo-
genous

Normal (Figures 2 and 3)» Normal. Four-celled condition of 
microspores•

Pollen wall and germ pore apparent 
(Figure 5). Pollen mitosis com
plete (Figure 5),

Anthers bilobed, Pollen wall ma
ture, All pollen nuclei are ap
parent.

Tapetal Binucleate• Reaches maximum size 
(Figures 2 and 3).

Has started to degenerate (Figure 
4).

Degeneration continues gradually 
until only a thin layer of tissue 
remains (Figure 5)«

Only a trace of tissue remains 
(Figure 6),

Hanna ms6
Sporo-
genous

Same as normal (Figure 2), Same as normal (Figure 4). Same as fertile (Figure 5)• Same as fertile (Figure 6),

Tapetal Binucleate, Some cell separation 
has started in premeiotic anthers 
(Figure 2).

No further degeneration at this 
stage— about the same as fertile 
(Figure 4),

Same as fertile (Figure 5)» Same as fertile (Figure 6),

ms8
Sporo-
genous

Same as normal (Figures 2 and 3)• Same as normal (Figure 4). Same as fertile (Figure 5)• Pollen may be shriveled (Figure 6) 
or normal (Figure 8), Anther has 
four separate lobes.

Tapetal Some cell separation in premeiotic 
anthers (Figure 2),

Considerable degeneration has 
occurred (Figure 4).

Degeneration, much slower than fer
tile (Flrure 5). May be swollen •• 
(Figure 8) or degeneration same as 
fertile,

Degeneration complete (Figure 6),

Dekap 
ms 7

Sporo-
genous

Sdne as normal (Figures 2 and 3)• Same as normal (Figure 4),
Some development (Figure 5)» but 
most have degenerated and formed 
plasmodium (Figure 5)« Breakdown 
continues until only amorphous 
mass remains (Figure 5).

Pollen breakdown complete (Figure 
6), Anther has four lobes.

Tapetal Same as fertile until telaphase II 
(Figure 3).

Tapetals have some swelling (Fig
ure 4),

Become quite swollen (Figure 5)i 
then develops large vacuoles (Fig
ure 5), Degeneration slow but

Tissue not distinguishable from 
sporogenous (Figure 6),

complete.
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It is not known for certain with what mutants Kaul and Singh worked.

At least one was probably ms (personal communication from Wiebe and Suneson)., 

which was not studied here, and it is quite possible that its anther devel

opment may more closely follow the development described by Kaul and Singh.

It is known that environment plays a definite role in the variation of the 

appearance of sterile pollen (see section on Pollen Staining and Appearance, 

pages 33 through. 37)„ Therefore, the-differences in observations in these 

two studies could be due to differences in environment or interactions.

The normal appearance of sterile pollen and anthers of tits6 is further 

substantiated by the near normal development of sterile anthers of this 

mutant. Just what effect the degeneration of the tapetum in premeiosis has 

on pollen development of this mutant is not known. The -normal appearance 

of pollen of this mutant at anthesis suggests that breakdown of this pollen 

occurs after anthesis.

The wide variation observed in the appearance and staining of pollen in 

ms8 is not surprising, judging by the variation within the anther develop

ment of this mutant where pollen development at times varies between the 

lobes of the same anther. The cause of this variation within this mutant is 

not known. However, the action of the gene responsible for this type of 

Sterility would seem to be quite unstable, even within the-same plant.

The delayed breakdown of the tapetum which accompanied complete-disin

tegration of the microspores in ms7 explains the observed clumped appearance 

(see the.section on Pollen Stainability and Appearance, pages 33 through 37). 

There was some variation in breakdown of microspores in ms7 where some
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microspore breakdown was observed to be delayed until after the free micro- 

spore stage and would account for the appearance of some samples with free 

pollen. It is ..possible that some starch formation could occur in these 

cells due to this delayed microspore degeneration, and this would account 

for the observed staining with IKI. This mutant, over all, had little var

iation in the stage where pollen degeneration started.

These observations on anther development substantiate the placing of 

ms6 and ms7 in their respective sterility categories, Categories B and C .

The study of ms6 confirmed its normal appearance throughout its development, 

and the study of ms7 showed the complete degeneration of the sporogenous 

tissue. It would be difficult to use this data to place ms8 in any other 

category if it was not for the appearance of some normal pollen development. 

In general, this technique • for studying anther development is too compli

cated and time-consuming to be an effective aid in placing mutants in the 

categories as outlined (see DISCUSSION on Pollen Stainability and Appear - 

ance, pages 67 through 70).

The developmental differences in anthers of these■mutants is primarily 

concerned with two tissues; the tapetal and the sporogenous. It is 

generally assumed that the tapetum is connected in some manner with nourish

ment of the developing microspores (see LITERATURE REVIEW, pages 3 through 

17). This effect of the tapetal tissue on developing microppores would 

seem to be considerably different from gene to gene as evidenced by the 

differences observed between these three mutants in their tapetal develop

ment in relation to pollen development. The differences in the tapetal and 

microspore development of these three mutants poses some questions as to
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just what is the different gene action of these mutants. The possible 

answers to these questions would seem to lie in the biochemical, or the gene 

product differences between these different mutants and the fertile types.

Sterile Crossability. The nine male sterile mutants with either TTC 

stainable pollen (Table III) or those with some selfing were used as pollen, 

parents in a crossability study. The purpose of this study was to test for 

self-incompatibility systems within these mutants„

Of particular interest were the mutants ms6, ms8, ms9 and ms16, which 

had normal-appearing anthers and pollen.

Of the nine mutants tested, there was only one which may have demon

strated the ability to set crossed seed. The other eight, including the 

four mutants which had fertile appearing pollen, i.e. ms6, ms8, ms9 and ms 16, 

were completely sterile. There is therefore no self incompatibility system 

within any of these nine mutants.

Compana ms 18 sterile x Compana ms2 female was the cross where the 

presence of two nonalleles was detected in the F 2 population. The Fg 

population had plants which were of the expected type for this cross and the 

ratio of fertile to sterile plants was such that there is greater than 99 

per cent probability of the presence of two genes. Because of the Compana x 

Compana cross, it is not possible to determine the exact genotypes of this 

population. It was possible that pollen from another sterile mutant in 

Compana which was in the vicinity could have effected this pollenation..

Vantage ms9 mutant, which has the ability to set selfed seed, did not 

demonstrate crossing ability. This mutant was observed to have a small
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pollen shower at anthesis under these conditions,. Therefore, it is possible 

that the lack of seed set when this mutant was used as a male was because of 

the lack of pollen when crossing was attempted, contrasted to a more favor

able pollenation condition within the confines of the flower.

Therewas some experimental error associated with this study. Seed 

was set on three heads other than ms18, in pollenations made with sterile 

heads in 1967. Two of these were when Betzes ms8 sterile was used as the 

male with one seed in each case, and the-other was when ms14 was used as 

the male with five seeds resulting. In each of these cases, the seed set 

was explained by the presence of foreign pollen, which apparently was 

placed inadvertently on the heads at the time of pollenation.

Shading Effects. • The LITERATURE REVIEW section cites several workers 

who have described the response of fertility in barley to temperature, 

photoperiod, light wave length and available nutrients. However, little 

work had been done in fertility response to light intensity.

A considerable decrease in the amount of TTC stainable pollen in 

fertile plants was observed in the controlled growth chamber, compared to 

pollen from greenhouse plants. This low amount of stainable pollen was 

observed to be independent of any temperature changes within the chamber; 

however, a low level of light intensity was discovered within this chamber. 

Thus, the establishment of this study to describe the response of fertility 

to shading.

There-was a noticeable-delay in the-emergence of those seedlings 

which were under shades in the first two runs in the growth chamber.
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This can be attributed to the differences in soil temperature between each 

shading level (see MATERIALS AND METHODS, pages 18 through 32). The delay 

in plant emergence probably contributed to the delay in flowering of plants 

in the higher levels of shading in the first two runs. This delay in 

flowering was about the same for both of these runs, and therefore would 

be expected to have an equal effect in both runs. In Run 3, the delay in 

flowering of Shading Levels I and 3 over Shading Level 2 had no effect on 

the amount of stainable pollen and seed set from these shadings (Tables 

VIII through XII).

The quality of light in the unshaded or shaded portion of the chamber 

is not known, as the light intensity readings were measured over a total 

amount of energy received at the instrument. Therefore, it is not known 

if there was a change in light quality with shading, and if there was, what 

effect this would have had on the results obtained.

The overall lower amount of stainable pollen and of seed set obtained 

in Run 3 compared with the other two runs was probably due to the uninten

tional nutrient stress applied to these plants.

There are definite indications that increased shading does cause a 

decrease in the .amount of stainable pollen and in per cent seed set as is 

indicated by significantIy lower overall per cent stainable pollen and seed 

set obtained from Shading Level 3 (Tables IX and XII). The effect of 

shading on per cent stainable pollen is primarily on late tillers (Table 

VIII). In Run 2, this effect caused the highest amount of light intensity 

to produce the least amount of stainable pollen. The reduction of stainable
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pollen in late tillers from Shading Level I was not evident in Run 3 

(Table VIII). Late tillers in Run 2 exhibited the lowest amount of seed set 

in Shading level I, but as with the stainable pollen. Run 3 did not show 

this (Table XI). The"reasons for this interaction between late tillers 

from Runs 2 and 3 are not completely known, but might be due to the nutrient 

stress in Run 3. The shading effect on per cent seed set seems to affect 

early tillers as much as late.

The lack of significant differences between variety means of per cent 

stainable pollen (Table VIII) in Run 2, contrasted to the significant 

differences indicated by the analysis of variance for this run, may be due 

to a more stringent requirement for significance imposed by weighing the 

standard error of the mean for Duncan's test. The differences in the 

variety means for stainable pollen and per cent seed set between runs is 

due to interaction between the varieties and the different runs.

Experience at Bozeman has shown that late tillers tend to be less 

fertile in the field and greenhouse than early tillers. The effect of 

tiller maturity on per cent stainable pollen and per cent seed set in Run 2 

substantiates this observation (Tables IX and XII). Lack of significant 

difference between maturity effects in Run 3 can be partially explained by 

a period of low nutritional level which was imposed on these plants, which 

occurred when the nutrient supply was cut off. This lack of Nutrients, 

even if it was restored later, may have had the effect of' delaying the 

plants in such a manner that all tillers acted as late tillers. There is a
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better correlation between treatment means of stainable pollen and of 

treatment means of per cent seed set in Run 3 than in Run 2 (for Run 3,

r =0.759, and is significantly different from zero; for Run 2, r = 0.415
.

and is not significant). This at least partly is due to the fewer signifi

cant interactions in Run 3 than are present in Run 2.

It would seem that in general less stainable pollen and definitely less 

per cent seed set was obtained in the growth chamber than has been observed 

in field -grown plants. The per cent TTC stainable pollen .frojii fertile 

Betzes grown under field conditions was 37.9 per cent (Table III) while in 

the growth chamber it was only 25.12 per cent over all runs (Table VIII), 

However, the amount of stainable pollen in early tillers in Run 2 was 38.55 

per cent. The highest overall seed set was from Vantage, and that was only 

53 per cent (Table XI). Observations in the field have revealed few fertile 

heads that have less than near 100 per cent seed set. The cause of this 

reduction in fertility under these conditions is not known.

The use of the amount of TTC stainable pollen as a means of measuring 

fertility is suspect, partly because of the low correlation obtained between 

stainable pollen and per cent seed set. The -fact that known sterile pollen 

will reduce TTC is another reason per Cent seed set is the only adequate 

measure of fertility available under these conditions.

To better describe the effect of shading on fertility, several things 

should be done which were not possible.with this test. Eirst, the levels 

of light intensity should be - established in three -separate chambers. This 

would eliminate the necessity for the use of shades, thus eliminating
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whatever effect these .shades have on temperature, light quality, humidity 

and air movement„ The light quality should also be -determined so that the 

quality of light can be controlled and thus eliminate the effect this may 

have on fertility. It is felt that single plants should be planted in more 

suitable containers than were used. Probably four-inch pots which are six 

to eight inches deep would be adequate. The paper cartons were difficult 

to keep adequately drained and still maintain the soil level in them. A 

measured amount of soil should be used and this amount maintained. Also, 

some method of evenly distributing water and nptrients should be provided. 

This would eliminate the possibility of the water supply and nutrients 

becoming a variable. Finally, the chambers should have-humidity control so 

as to eliminate variability induced by this factor.



CONCLUSIONS AND SUMMARY

I. The numbered male sterile mutants studied can be grouped into four 

different categories based on their ability to set selfed seed, the appear

ance of the pollen and the anthers plus their pollen stainabiIity with TTC.

A. Category A: The mutants in this group have the ability to.

set some selfed seed. The pollen may or may not be TTC stainable, and 

there may or may not be normal appearing pollen or anthers. This group 

includes Vantage ms9, Kindred ms15 and Compana ms17.

B. Category B : The -mutants in this group have, mostly normal

appearing anthers and pollen which stains consistently with TTC. These 

mutants have no selfing or crossing ability; Pollen is generally readily 

visible, the anthers are generally normal in appearance and may be difficult 

to distinguish from fertile anthers. The anthers have stomium and the 

filaments elongate at anthesis. This group includes Betzes ms8, Heines 

Hanna ms6 and Betzes ms16.

C. Category C : The anthers of the mutants in this group are very

small. The pollen is often nonexistent; if present, visible only with a 

microscope, and is not stainable by aceto-carmine, IKI or TTC. At anthesis, 

the filaments do not elongate, stomium are not apparent and no pollen is 

apparent. Mutants ip this category are Gateway ms3 and Dekap ms7.

D. Category D: This group has those mutants, which for some reason

cannot readily be placed in one of the other three groupings. They may, 

under some conditions, have pollen which is normal-appearing and is stain

able with TTC. Generally, the pollen is shriveled, but there may also be •
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mutants with anthers which at times have no apparent pollen. The filaments 

will not elongate, and stomium are not present. This category includes the 

largest number of mutants and the-remaining eleven are in this group.

E. These groupings should be useful in helping to eliminate 

some of the work involved in allelism testing.■ This is accomplished by 

placing the unknown mutant in one of the groupings, and then testing it 

against those numbers of that group for allelism first, thus perhaps elimin

ating the necessity of testing with all of the known nonalleles.

2. The use of the different stains may be useful in helping to cate

gorize mutants , but care-should be exercised on conclusions based on the 

use of stains as an indication of pollen viability. The only reliable 

method of determing pollen viability in barley at present is the actual 

seed set.

3. In most cases, the mutants have sterile anthers which are shorter 

and narrower than anthers from the-fertile segregates. Three mutants, ms, 

ms6 and ms16, were found in which either the length or the width of their 

anthers were not different from fertile anthers. There was some signifi

cant correlation between length and width of sterile -anthers but this 

correlation in fertile anthers was not evident. There was little relation

ship between anther size and the-categories to which the different mutants 

have been assigned, except for one of the -mutants in Category B and the two

in Category C.
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4. Three different types of anther development were-examined:

A„ The development of ms6 paralleled the development of fertile 

anthers very closely. In this mutant, the tapetum reaches its maximum 

development in premeiotic anthers when cell separation in the tapetum starts 

No further degeneration with tapetum occurs until the quartet stage, then 

degeneration proceeds as in fertile anthers. The pollen is normal-appearing 

at anthesis.

B, The'mutant ms8 had some variation within the anthers, but in 

general, the microspores degenerated after the free microspore stage. The 

■degeneration of the tapetum of this mutant also started with cell separation 

in premeiotic anthers, but further degeneration was slowed considerably 

until after the■microspores broke down. This mutant had some anthers in 

which one lobe was observed to have normal-appearing pollen and other 

anthers where the pollen was very reduced.

G. In ms7, the sporogenous tissue degenerates at, or just after, 

the quartet stage. These cells generally have cell walls which at iehst 

partially degenerate to form a plasmodium, which appears in the mature 

anthers as a reduced clump of tissue. Some individual cells may at times 

be visible. The tapetum in this mutant becomes very swollen by the quartet 

stage and large vacuoles are formed. These.swollen cells remain evident 

until well after the sporogenous tissue has degenerated.

D. In both of these latter two mutants, all four lobes of the 

anthers remain intact. In ms6 and in mature fertile anthers, one anther 

wall in each of two lobes degenerates, forming a bilobed anther. In each



- 87

of these mutants, meiosis is apparently normal. Pollen degeneration occurs 

at or sometimes after the quartet stage. It ,is not apparent when this 

degeneration occurs in the mutant ms6.

5. Nine of the male sterile mutants were -studied for crossing ability 

of the sterile pollen. Only in one mutant, Compana ms 18, was there any 

evidence that pollen from sterile anthers was able to-set seed when crossed 

onto another sterile genotype. However, with both parents being Compana 

types, it was not possible to fully establish if ms18 had been the male 

parent, and because there was only one seed set out of six heads pollenated 

and no -observed selfing, the possibility of this mutant having cross ferti

lizing ability is even more remote.

6. Three fertile varieties Were subjected to three different levels 

of light intensity in controlled growth chambers. The effects of shading 

on the per cent TTC stainable-pollen was repeated in three-separate studies 

and the effects of shading on per cent of seed set was repeated twice.

The analysis of variances of these separate runs indicated significant 

differences in the-shading and variety effects. There was no -correlation 

in the per cent stainable pollen and little-correlation in per cent seed 

set in the treatment means between the -different runs. Interactions within 

and between runs were-evident. However, in spite-of these interactions, 

there-was evidence-to support the reduction of fertility in these-varieties 

by decreased light intensity.
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