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Abstract:

Sainfoin (Onobrychis viciifolia Scop.) has potential as a valuable forage legume in the western United
States. Production, however, is limited because of sainfoin’s susceptibility to crown and root rot. The
pathogens believed to be involved in this disease are Fusarium solani, F. roseum, Pseudomonas
syringae, P. marginalis, and Erwinia amylovora. Recently P. syringae was implicated as the pathogen
responsible for the loss of approximately 405 ha of alfalfa. Therefore, greenhouse studies were
conducted to determine the pathogenicity of P. syringae to alfalfa.

The objectives of this study were to (1) develop an effective greenhouse screening technique to find
plants resistant to P. syringae (sainfoin and alfalfa) and E. amylovora (sainfoin), (2) determine the
effect of multi-pathogen inoculation (sainfoin), and (3) determine the value of artificial inoculation in a
field situation (sainfoin).

Three inoculation techniques were evaluated. A crown injection technique was the most effective in
producing disease symptoms in sainfoin and alfalfa seedlings. It resulted in high percentages of
infection, severe disease symptoms, and low seedling mortality attributable to the inoculation
technique.

Differences in disease resistance were detected among half-sib sainfoin families and cuttings from
alfalfa clones inoculated in the greenhouse using the crown injection technique, but the repeatibility of
the technique was low, which was reflected in low heritabil-ities. Selections should be based on
progeny tests and not on an individual plant basis.

Artificial inoculation is not necessary in the field since disease severity was not greatly increased by
artificial inoculation.

Differences in disease severity were detected among sainfoin populations grown in the field. SK48 had
significantly lower disease severity scores than the other entries. This cultivar should be used as a
germplasm source for future breeding programs.



STATEMENT OF PERMISSION TO COPY

In presenting this thesis in partial fulfillment of the requirements for an advanced
degree at Montana State University, I agree that the Library shall make it freely available
for inspe'ctio'n. I further agree thai permission ‘for éxtensive copying of this thesis fof schol-
arly purposes may be granted by my major profe_ssor, or, in his absence, by the Director of
Libraries;. It is understood that any copying or publication of this thesis for financial gain -

shall not be allowed without my written permission.

Signature M_MML‘

Date 27/5/272

/




SCREENING PLANTS FOR RESISTANCE TO THE BACTERIAL PATHOGENS
INVOLVED IN CROWN AND ROOT ROT OF SAINFOIN AND ALFALFA

by
GRACE ANN WEGENER

A thesis submitted in partial fulfillment
~ of the requirements for the degree

of
MASTER OF SCIENCE
in

Agronomy

Approved:

Head, Major.D epartment

Aoda e

' .Graduate Dean

MONTANA STATE UNIVERSITY
Bozeman, Montana

August 1982 _




ACKNOWLEDGMENTS

I wish to express my sincere gratitude to the following:

Dr.,k. L. Ditterline, for his suggestions, guidance, and friendship while serving as my
major professor. _

Drs. J. M. Mé.rtin, D.. E. Mathre, and R. F. Eslick, for their suggestions and assistance
while serving on my graduate committee.

My close friends and fellow graduate studenfs, whose friendship and encoﬁragement

helped me to finish. this manuscript. |

My f"amily, for their support and encouragement throughout my graduate work, with

special thanks to my mother, Frederica.

The Collegé of Agriculture, Plant and Soil Science Department, for providing me with

a graduate teaching assistantship. Without this assistance, graduate school would have been

impossible.




. TABLE OF CONTENTS

Page
2 16 7 VPP ii
ACKNOWLEDGMENTS. ...........oovvnn. e e leiearaer s fii
TABLEOFCONTENTS................. PN Civ
LISTOF TABLES. .. ....oonnnniieieeiinnneeennnn P Lo
CLISTOFFIGURES. . ...ttt attete it ente ettt viii
ABSTRACT . e v v e e et e et e et e e e e e e ix
Chapter
I INTRODUCTION . ...ttt it ittt ieensnennasrnesiannannnas e 1
IL LITERATURE REVIEW. ... ...cuotnintnnieaeininneeenannens 2
Description and Agronomic Characteristics of Sainfoin. . .. ............. 2
History and Distribution of Sainfoin.............. .. ... iiiit 3
Diseases of Sainfoin......... e e et e e 4
Stem and Leaf Diseases. .. .....oovvuvrnin i iiainnneenans 4
SOIl-BOIn DISEaSES .« v v v v vttt et e 4
Techniques for Selecting Plants Resistant to Crown and
Root Diseases in Other Forage Legumes . . ............covvunn PP 6
III. EVALUATION OF THREE INOCULATION TECHNIQUES ON
REMONT SAINFOIN AND LADAK 65 ALFALFA SEEDLINGS
TWOAND SIXWEEKSOF AGE . . ... ..ottt i i i, 9
Materials and Methods. . . . ..o.vveneerenenn.. e e 9
Resultsand Discussion ................. et et 12
‘ConCluSioNS. v v veienir i en s e e 22.
IV. THE RESPONSE OF TEN HALF-SIB SAINFOIN FAMILIES
AND CUTTINGS FROM NINE ALFALFA CLONES INCCULATED
WITH Pseudomonas syringae USING THE CROWN INJECTION
TECHNIQUE ..... et e et 23 -
 Materials and Methods. . . ........... e, 23
Results and Discussion . ........cvueuvernennnaeernas e saeas 24 .

CONCIUSIONS. & v vt v vt ittt i eee ettt seeetesaseenneseeenass e 29




Page
V. THE EVALUATION OF MULTI-PATHOGEN INOCULATION .
OF SAINFOIN INAFIELD SITUATION ...oiit it e e i 30
Materialsand Methods. . . ............... . 1
Results and DisCUSSION .. ..o v vttt iii it iitinnreeeeeeeneennanaenes 34
Conclusions. ..... et ettt i et e e 35
VI. FIELD EVALUATION OF TWENTY-SIX SAINFOIN POPULATIONS
FOR RESISTANCE TO CROWN AND ROOT ROT DISEASE.......... ... 39
. Materials and Methods. ... ... e e, e e 39
Results and Discussion .......... M e e e et e 39
B0 1 o1 10T T 3 e 42
VII. SUMMARY AND CONCLUSIONS . ...ttt ittt iiieneeannenennnns ‘. 43
LITERATURE CITED . . ...\ttt ettt antete it eie e eieaneans ' 45

APPENDIX.......cvv... e 52




Table

5-6.

vi

LIST OF TABLES

The Effect of Three Inoculation Techniques on the Percentage .

Seedling Mortality, Root Density Scores, Top Growth Welghts,

Root Weights, and Discoloration Measurements of Sainfoin Seedlings -
Inoculated in the Greenhouse with Erwinia amylovora. .. ................

The Effect of Three Inoculation Techniques on the Percentage

Seedling Mortality, Root Density Scores, Top Growth Weights,

Root Weights, and Discoloration Measurements of Sainfoin Seedlings
Inoculated in the Greenhouse with Pseudomonas syringae ...............

The Effect of Three Inoculatlon Techniques on The Percentage ##

Seedling Mortality, Root Density Scores, Top Growth Weights,

Root Weights, and Discoloration Measurements of Six Week Old

Alfalfa Seedlings Inoculated in the Greenhouse with Pseudomonas

R0 7 (7.2 PN

Disease Severity Scores and Length of Root Discoloration of 10
Half-Sib Sainfoin Families Inoculated With Pseudomonas syringae
Using the C;own Injection Technique. . . R R R RERE

Disease Severity Scores and Length of Root Discoloration of
Cuttings From Nine Alfalfa Clones Inoculated With Pseudomonas
syringae Using the Crpwn Injection Technique ......... e et e

Crown and Root Rot Pathogens and Pathogen Combinations Used
for Inoculating Remont Sainfoin Seedlingsin the Field-.................

Disease Severity Scores of Fifty Natura]ls} Infected Remont Sainfoin
Plants Grown at the Field Laboratory Near Bozeman, Montana ...........

Disease Severity Scores of Remont Sainfoin Plants Inoculated With
the Crown and Root Rot Pathogens Singularly and in Combination........

Paired-t Comparisons of Disease Severity Scores Between Inoculation -
Treatments Containing Each Pathogen .......... ... i

Paired-t Comparisons on the Disease Severity Scores From Each Inocu- .
lated Row With the Two Checks (average score) Neighboring It .. ... [P

_Paired-t Cofnpansons of the Bacterial Pathogens Isolated From the .
Inoculated Rows With the Check Rows Neighboring Them. ..............

Page

13

16

20
26

28"

31




vii
Table

6-1. Sainfoin Populatxons Evaluated for Resistance to Crown and Root
Rot Dlsease in the Fleld .......... ettt e, :

Appendlx Tables ,
1.  The Composition of the Media Used for Fungal and Bacterial
Isolations and Increase, and the Composition of the Nutrient . }
Solution Used in This Study . ............ ettt PP

2. Analyses of Variance for'Mortality, Root Density, Top Growth Weiglhits,

" 'Root Weights, and Discoloration Measurements of Two and Six Week
Old Remont Sainfoin Seedlings Inoculated with Erwinia amylovora
Using the RCS and SI Inoculation Methods. ....... e

3. Analyses of Variance for Mortality, Root Density, Top Growth Weights,
" Root Weights, and Discoloration Measurements of Six Week Old Remont
Sainfoin Seedlings Inoculated with Erwinia armylovora Using the RCS, :
CI, and SI Inoculation Methods ...... e ettt e

4, Analyses of Vanance for Mortality, Root Den51ty, Top Growth Weights,
Root Weights, and Discoloration Measurements of Two and Six Week
Old Remont Sainfoin Seedlings Inoculated with Pseudomonas syringae

‘Using the RCS and SI Inoculation Methods. .............oooovinn, L

5. Analyses of Variance for Mortality, Root Density, Top Growth Weights,
Root Weights, and Discoloration Measurements of Six Week Old Remont
Sainfoin Seedlings Inoculated with Pseudomonas syringae Using the RCS,
CI, and Sl Inoculation Methods. . .. ... v v ii i e i i

6.. Analyses of Variance for Mortality, Root Density, Top Growth Weights,
Root Weights, and Discoloration Measurements of Six Week Old Ladak
65 Alfalfa Seedlings Inoculated with Pseudomonas syringae Using the -
- RCS, CI, and SI Inoculation Methods . ... ...........co it

7. Formulas Used to Calculate the Narrow Sense Héritabilities of Ten
Remont Half-Sib Sainfoin Families Inoculated with Pseudomonas
syringae Using the Crown Injection Technique . .............covvev...




Figure

- Inoculated with Erwinia amylovora. .. .. ........ ...,

6-1.

viil

LIST OF FIGURES

The Effect of Three Inoculation Treatments on Internal Root
Discoloration of Two and Six Week Old Remont Sainfoin Seedlings

The Effect of Three Inoculation Treatments on Intefnal Root
Discoloration of Two and Six Week Old Remont Sainfoin Seedlings

Inoculated with Pseudomonas syringae . .. ........c...oouvuuuunnnnn.

The Effect of Three Inoculation Treatments on Internal Root
Discoloration of Six Week Old Ladak 65 Alfalfa Seedlings

Inoculated with Pseudomonas syringae . . . . .....c.ooueeenneeeeenn.

Visual Scoring System Used to Assign Disease Severity Scores to
Sainfoin and Alfalfa Roots Inoculated with Pseudomonas syringae

Using the Crown Injection Technique............. .. i nnn.

. The Evaluation of Twenty-Six Sainfoin Entries for Disease Severity

When Grown Under Natural Conditions in the Field (based on 1-5

scoring system, 1 = no discoloration, 5 = severe necrosis of the crown
andupperrootarea).............. e e eeseceiaeaeas

~ Page

18

21

25 -

. 41




ix

ABSTRACT

Sainfoin (Onobrychis viciifolia Scop.) has potential as a valuable forage legume in the
western United States. Production, however, is limited because of sainfoin’s susceptibility
~ to crown and root rot. The pathogens believed to be involved in this disease are Fusarium
solani, F. roseum, Pseudomonas syringae, P. marginalis, and Erwinia amylovora. Recently
P. syringae was implicated as the pathogen responsible for the loss of approximately 405 ha
of alfalfa. Therefore, greenhouse studies were conducted to determine the pathogemmty of
P. syringae to alfalfa

~ The ob3ect1ves of this study were to (1) develop an effective greenhouse screening
technique to find plants resistant to P. syringae (sainfoin and alfalfa) and E. amylovora
(sainfoin), (2) determine the effect of multi-pathogen inoculation (sainfoin), and (3) deter- ‘
* mine the value of al‘tlfICIal inoculation in a field situation (sainfoin).

Three inoculation techniques were evaluated. A crown injection technique was the
most effective in producing disease symptoms in sainfoin and alfalfa seedlings. It resulted
in high percentages. of infection, severe disease symptoms, and low seedling mortality -
attributable to the inoculation technique. o

Differences in disease resistance were ‘detected among half-sib sainfoin families and
cuttings from alfalfa clones inoculated in the greenhouse using the crown injection tech:
nique, but the repeatibility of the technique was low, which was reflected in low heritabil-
ities. Selections should be based on progeny tests and not on an individual plant basis.

Artificial inoculation is not necessary in the field since disease severity was not greatly~
mcreased by artlflclal 1noculat1on

Differences in disease seven‘ty were detected among sainfoin populations grown in
the field. SK48 had significantly lower disease severity scores than the other entries. T}us-
cultivar should be used as-a germplasm source for future breeding programs.




Chapter [
INTRODUCTION

Sainfoin (Onobrychis viciifolia Scop.) is a perennial forage leguxhe grown in some areas
of the western United States and Canada. It' is winter-hardy, drought tolerant, nonbloating,
and resistant to the alfalfa weevil (Hypera postica Gyllenhal). Sainfoin also has good palat-
ability and nutritional value. .

Although sainfoin has many assets, it also has several problems that severely limit its

'acceptanbe and production. The most critical problem is stand loss and deterioration three

to five years aftea' seeding. Stand reduction and cqnse(;uent loss of yield appear to be the
result of crown and root rot, caused by Fusarium solani (Mart.) Appel & Wr., F. roseum,
Pseudon_zonas syringae, P. marginalis, and Erwinia amjzlovora.

If sainfoin is to become an important forage leguine, cultivars must be developed that
are not susceptible to ‘c.rowrlx and root rot. |

| Alfalfa, commonly called ‘Queen of the Forages’, is one of the most important forage

legumes in the world. It is well adapted to many climatic and soil conditioné. Alfaifa‘is "
highly nutritious, producing more protein per ha than any other forage.

Recentiy, P. syringae was implicated as the pathogen responsible for_ the loss of
approxnnately 405 ha of alfalfa near Manhattan, Montana. ‘

The objectives of" this study were to (1) develop an effective greenhouse s;cfee'llmg
technique to find plants resistant to P. syringae (sainfoin and alfalfa) and E. amylovora

(sainfoin), (2) determine the effect of multi-pathogen inoculation (sainfoin), and (3) deter-

mine the value of artificial inoculation in a field situation (sainfoin).




Chapter II

LITERATURE REVIEW

Description and Agronomic Characteristics of Sainfoin

Sainfoip (Qnobrychz‘s viciifolia Scop.) is a deep-ropfed, perenniﬂ forage legume. -It has
a tap root system extending 1-10 meters deep [65_ 1, .with nodulation occurring on the
many smaller lateral roots [157,50,64,65 1. ‘ »

Tall, erect, hollow stéms arise from a brancl_led crown. Tfle leaves are vetch-like,
having. .11-29 léaﬂets [9,63,65]. Pink flowers are born in a ra'ceme-'typ,e. influorescence
with 5-80 ﬂowers/raccxhe [11]. The seed is kidney-shaped and about .three mm long [8].
.Each seed is brown to black incolor, and born sinéli in lenticulgr rough p,ods‘ with noticc—
able veination.

Under irrigation, forage yields of sainfoin are similar to those of alfalfa (Medicago
sativa Lt)[9’34’51]' Sainfoin ;'rields more than alfalfa on the first cutting, but less on fol-
lowing cuttings due to slow recovery after harvest [9]. Decrease in sainfoin }I'ields, three to -
five Years after seeding, is attributed to stand loss and deterioration [9,14,34,51]..

Sainfoin- forage quality is similar to that of alfalfa. It is lower in crude fiber, crude
protgin; calcium, and ash content, but is,higher-in nitrogen free e-xtract, total digestible
nufrients, and phosphorus [18,42,53]. | |

Seed yields range from 860-1000 kg h™ in Neva&a.and Idaho [41,51], to as high.as
1350 kg h™* in Montana [11]. |

It. is resistant to the alfalfé weevil (Hypera postica Gyllenhal), and may be I.grown

when the wéevil lhﬁits alfalfa production [8,20]. In addition, sainfoin is nonbloating,
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winter-hardy [8,13,22], and gl'ows well in the dry calcareous soils of the northern Rocky .
Mountain lje_gion [8,20,34,671.

History and Distribution of Sainfoin

Sainfoin is native to south central Asia and was grown in Russia over 1000 years ago _
- [56,63]. It was cultivated in Europe in the 14tﬁ century [1], and was brought to the -
United States in the late 19th century [21,56]. '

The cultiva; ‘Eski’ “}as released by the Mpntaﬁa Agricultural Experimen? Station in
1964 [22]. Selections, based on winter-hardiness, were made ffom a Turkish introduction
brought to the United States in 1952 [21]. |

‘Melrose’ was the first sainfoin cultivar to be licensed m Canada [12,33]. It is more ‘
wintef-hardy, taller, flowers earlier, and recovers more. quickly after harvest than Eski.

‘Remont’ sainfoin, a 16 line synthetic, Was released by the Montana Agricultural
Experiment Station in 1971 [10]. Selections made from Onobrychis plant introductions
were based on ,winter-har‘diness and ﬁpid regrowth after harvest. Remont begins growth
earlier in the spring tha;l Eski and flowers the year of seeding. - ‘

‘Renumex’ was released by the New Mexico Agricultural Experiment Station in 19\77
[49]. It was developed from a germplasm composite of Eski _and Remont. Renumex is

'similar to Remont, but better adapted to New Mexico’s hot growing conditions.




4

Diseases of Sainfoin

Stem and Leaf Diseases

All reported foliar d'iseases of sainfoin are caused by fungi. Leaf and stem spot
(caused by Aschochyta onobrychidis) has been found in England [36], Czechoslovakia
[44], and Montana [48]. It is seed-born and survives on crop residue. In Montana, symp-
toms occur primarily as black Iesions on the stem [48]. |
Leaf spot (caused by Rarnularia onobrychidis Allescher) has been found in Europe
[37]. As the spots enlarge, they become lighter .colore.d in the center. In older spotls, scler-
otial bodies may 'for;n a well deﬁned greyish ring [48]. |
| Another ieaf spot (caused by Septoria orobi'na Saac.) is of minor importance and has
been reported in England [38]. The spots are fawn colored with brown margins. Pycmdla/
. are embedded within the spots [38 A481. Seed infection occurs, and is an important means
of d1ssem1natlon,

| Ring -spot "(caused by' Pleospora herbarum Pers. ex. Fr. Rab.; imﬁerfect state =
Stemphylium botryosum Wallr.) has been found m England [36] and Montana [48].
Symptoms are similar to those caused by Septoria orobina. Little economic damage occurs

in Montana [48] .

Soﬂ-Born Diseases

‘Dampmg off’ of samfom seedhngs is caused by Alternaria spp hazoctonza solani
Kuehn, and Pythium spp. [61,69].
The root and crown diseases, to which sainfoin is very susceptible, appear to be the

single most important factor limiting sainfoin production [61 1. Verticillium wﬂt (caused
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by Verrit'illium albo-atrum Reinke and Berth) has been found in Europe [40,61], It causes
wilting of the leaflets along the midrib [40]. The symptoms are inost oftenl observed in
warm weather, when plants are under moisture stress [48,61].

Root, crown, and stem rot (caused by Sclerotinia trifoltorum Enkss) has been found
_1n Montana [48] and Europe [36] In Montana [481, drseased plants die quickly, but ,
: generally only a few plants ina ﬁeld are 1nfected
The most serious drsease of sainfoin in Montana is a crown and root rot complex. It is

found in both irrigated and dryland areas of the state [2,3,4,30,31,61,62]. It is more
- severein 1mgated than in dryland ﬁelds [2 30,31,61,62]. On dryland fields disease severity
increases as annual ramfall increases [61].

Plants growi in moist envrronments have severe crown decay and vascular discolo-
ration [2,3 330,3 1,61,62]. The discoloratron moves down from the crown into the prrmary
and se'condary roots. | .

Apparently‘the crown is unable to supportthe many stems that develop from it a'nd_.
splits '[2]. This tearing provides easy entry for pathogens. Infection also appears to occur
through the hollow stems which remain after harvest [30 68].

Sears [61,62] concluded that Fusarium solani (Mart.) Appel and Wr. was the major
causal organlsm_involved in crown and root rot of sainfom. He found F. solani in decayed
root tissue at nine of ten locations in Montana. However, efforts to consistently isolate
' this pathogen from diseased tissue failed. |

Auld [?,4] later demonstrated the pathogenieity of F. s'ola'ni. to sainfoin, and devel-
oped a technique.to screen . for resistant plants. He evaluatevd four techniques for inocu—

lating sainfoin seedlings with F. solani. These included root-cut-soak, crown injection, aerial
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spray, and infésted toothpick insertion. The root-cut-soak technique applied to six week
old seedlingé was superior to the other tgchniqués. It was repeataﬁle, resulted in severe
diseasé symptoms, and the highest number of infected seedlings.

The root-cut-soak technique consists of removing t:he seedlings from the growth
“ medium, trimming thg roqts 50 mm below .the crown, soaking the roots in inoculum for
fifteen minutes, an& transplanting the seedlings back into the growth medium. Plant roots
were evaluated for diséase severity approximately 105 days after inoculation, using a 1-5
scoring index (1 = no disease éymptoms, 5 = dead plant). A

In 1978, Gaudet [30] took plant samples from two, three, ahd five srear old irrigated
sainfoin stands neai; Bozelrnan? Montana. The roots were split lengthwise and isolations
" were madé. Very few Fusarium spp. were isolated from either the.two or three year old
plantg when the bark was remdved‘ from the roots. F. solani was recovered in appr_eciable
amounts (32% of the plaﬂts) from the five year old stand.

Gaudet [30] postulated that Fusarium was not the only cause of crown and root rot.
Bacterial pathogens and not Fusarium were found at the leading edge of decay. They.
included: Pseudomonas syr_ingae, P. marginalis, Erwinia amylovora-like species, and E.
herbicola.- E. herbicola was considered m;npat'hogem'c. Thus, the root a;nd ‘crown rot
complex of Qainfoin appears to be a complex interacﬁpn between Fusarium and the three
bacteria.

Techniqués for Selecting Plants Resistant to Crown and Root
Diseases in Other Forage Legumes -

Phytophthora root i'o’_t (PRR) (caused by Phytophthora megasperma Drechsler) is a

serious disease of alfalfa, occuj-ring in soils that remain excessively wet for ten days or
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more [23,25,26,27,47]. Véﬁous' techniques are used in screening for resistance to PRR.
Pratt et al. [57] inoculated the cotyledons of ten day old alfalfa seedlings with zoospore
~ suspensions of P. megasperma by placing a .01 mL drop of zoospore suspensi'on on the tip
of each cotyledon. Symptoms on susceptible seedlings, observed 24 h after inoculatiéri,
included sunken, necréﬁc -patcﬁes. Resistant ééedlingé exhibited reddish-brown flecking, |
w_hile' thg-imniuhe’ plahts showed no symptoms. There was a high correlation (r=0.80)
bet\';veen. the seveﬁfy of the seedling reaction and the severity of root rot in eight alfalfa
lines and cultivars. . | )

Bray and Irwin [6.] inoculated 4-6 week old alfalfa‘ seedlings in ﬂaté by pouring
'.ir'xocu,lum into trenches on each side of the row. The soil was soaked daily to keep it wet.-
Four weeks after inoculation the roots were rated for disease severity on a 1-5 ‘scoring
sy;stem (1 = small root lesions, 5 = necrosis of the entire tap root).

Frosheiser and Barnes [27] have made rapid progress in selecting for resistance to
P. megasperma‘by seeding alfalfa into a P. rﬁeg‘asperma infgste_d field disease nursery.
Planfs ére scored on a. 1-6 .scbring system (1 = no symptomé, 6 = dead i)lant). Plants
selected from the field evaluations are re-inoculated in the greenhouse (to insure th'a,t they
are not escapés) By plaémg infested agar on a small taproot Wouna. The soil is kept near
s_afuration for several Weeké, ‘resulting 1n the death of most of the susceptible‘plzints.'
Sqrviving’plants are scored similar to the field study. dther workers have also obtained
successfﬁl results using variations of this technique [17,32,35,39].

Fusarium spp. cause crown and roldt rots and wilts of many forage legumes [45,46] .

Although breeding for resistance to fusarial root rot is difficult due to the many species
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" ~and environmental factors involved, several researchers [55,58,68] believe this is a worth-

while undertaking. )
Richard et al. [58] evaluated two techniques for screening alfaifa for Fusarium root
rot resistance. He modified th_e“'application technique’ developed by Leath and Kendall

[45] . Richard et al.’s [58] technique consists of placing a polyester strip, laden with inoc- .

“-ulum, against the end of the taproot previously trimmed to 30 mm. The plants were then

transplanted back into pots.

The second technique, the bare-root-soak, includes removing three week old seedlings
from ﬂets; trimming the roots to 30 mm below the crown end eoaking them for 2 minin a
mycélium and spore suspension. The plants are then placed into plastic pouches containing
nutrient solution. One m_onth after inoculation the roots are visually scored for disease
severity. Plants that have less than 5 mm of internal discoloration were saved. Both tech-

mques were effectlve in allowmg severe dlsease symptoms to develop and a high percentage.

: of mfectlon

Frosheiser and Barnes [28] inoculated ten week old alfalfa seedlings by dlppmg the

' bare roots m 1noculum for 20-30 mmutes After inoculation, top growth was trimmed to

40 mm and the roots tnmmed to 120 mm. The plants were then transplanted in the field.

.'The plants were later scored on a 0-5 scoring system (0 =no discoloretion, 5 = stele com-

pletely discolored or dead plant). The method was effective in inoculating plants with
Fusarium and the bacterial wilt pathogen (Corynebac'terium insidiosum Mcgull, H. L. Jens).
Other screenmg methods used in ﬁndmg plants res1stant to C. insidiosum are similar to

those used in screening for Fusarium resistance [15, 24 29 43 54]




Chapter III

-EVALUATION OF THREE INOCULATION TECHNIQUES ON REMONT SAINFOIN
'AND LADAK 65 ALFALFA SEEDLINGS TWO AND SIX WEEKS OF AGE

. A'useful inoculation technique must be effective in detecting sources of resistance to

crowﬁ and root rot. The objective of this study was to determine the most suitable seedling
ége and inoculation technique for screening plants for resistance to P. syringae and E. amy-

lovora in a greenhouse situation.

Materials and Methods

Dehulled Remont sainfoin seed and Ladak 65 alfalfa seed were surface sterilized in a-

0.5% sodium hypochlorite (NaOCl) solution for three minutes. Milk cartons (2.1 liter)
were sterilized by washing in a 0.75 NaOCl solution. After air drying, the cartons were
filled with sterilized masonry sand and planted with ten seeds of either sainfoin or alfaifa.
Seedlings were thinned to five per carton after emefgence. The plants were grown in a

growth chamber with diurnal temperatures of 18°C (night) and 24°C (day) and a 16 h

photoperiod. -Lighting'was supplied by incandescent and fluorescent bulbs. .The seedlings

were watered with a nutrient solution (Appendix Table 1) twice daily.

Planting dates were staggered such that two and six week old plants were inoculated

" on the same day. The following inoculation treatments were used:

Root-Cut-Soak (RCS):. Seedlings were removed from the cartons and the roots

severed 25 mm below the crown. The seedlings were soaked in a bacterial suspen-
sion of approximately 10® colony forming units/mL (cfu/mL) for 15 minutes. Top
gfowth was then trimmed to 100.m1_n and the plants transplanted back into the

cartons. This technique was applied to the two and six week old sainfoin‘and the
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six week old_ alfalfa. Two week old alfalfa plants were too small to inoculate using
this technique. |

Crown Injection (CI): Two drops of bacterial suspension (10® cfu/mL) were injected

into the crown of each plant, just below the cotyledons, with a B-D, C-13, 10cc
_ disposable syringe (22 g 1% needle). Top growth was then trimmed to 100 mm
- height. This technique was applieq to the six week old sainfoin aﬁd alfalfa. The two
week old seedlings were too small to inoculate using this method.

Soil Inoculation (SI): One hundred mL of bacterial suspension (10® cfu/mL) were

,' poured on and watered into the sand of each carton with 75 mL of tap water. Top
growth Was trimmed to 100 mm height. This technique was applied to the two and
six week old sainfoin and alfalfa.

The above inoculation techpiques were also performed on two and six week old check
plants using distilled wafer. |
Three expeﬁments using the above inoculation brocedures were e‘valuated '.usi_ng o
isolates obtained from necrotic crown tissue of sainfoin in 197 8.
Experiment 1. Sainfoin seedlings were inoculated with Erwinia amylovora isolate
#15-3. |
Experiment 2. Sainfoin seedlings were inoculated with Pseudomonas syriﬁgae isolate
41, |
Expe’rimeﬁt 3. Alfaifa seedlings were inoculated with-Pseudomonas syringae isolate
#1.
Each experiment was set up as a split-split plot design with four replications (dne

carton/treatment/replication). Main plots were inoculated vs. noninoculated, sub-plots
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were age of seedlings (two weekl vs. six week old plants), and sub-subplots were the three

mgthods of inoculation. The data were analy_zed in two ways. First, as a split-split plot
design With i.noculafed Vvs. nbninoculated as main plofs and seedling age as subplots. The
sub-subplots included only two methods of inoculation; RCS and SI.

To compare the three methods of inoculation, data from plants inocﬁlated at six
weeks of age were analyzed as a 2 X 3 factorial. Factor A was designated as inoculate(_i Vs.
noninoculated and factor B as the three methods of inoculation.

Data on the following vaﬁable_s (except mortality) were collected eight weeks after
inoculation: | . |

- Mortélity: Number of dead plants per carton determined 10 days after inoculation.
Discoloration: The taproot of each plan’_t was split longitudinally and the length of '
the discoloration fneasured from the point of inoculation and averaged for the five
plants per plot.I |
| Root Density: A 1-7 visual root density score (1 = no roots, 7 = abundant_ tap and
| secondary root syste;n)’was given to the group of five plants per carton.

Top Dry Weight: Plant tops (five plants/carton) were severed at the crown, dried for

48 hours at 100°C, and weighed.
Root Wéight: Plant roots. (five plants/carton) were severed at the drown, dried for

48 hours at 100°C, and weighed.
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Results and Discussion

Experiment 1: -(Saihfotn inoculated with E. amylov_ora)

Differences .\;/ere found among the three inoculation methods for mortality,‘ root
densit_y, top weights, root weights, and root discoloration measurements' tTable 3-1)
(Appendix Tables 2 and 3. B

No seedling deaths occurred with either the CI ‘or SI techniques (Table 3-1). The RCS |
techtlique caused a higher mortality of two and six we.ek- old seedlinge than the other ltwo
inoculation methods (p=0.05). Trimming the 'roo'ts’ to 25 mm below the crown resulted in
seedling shock and 'deattl. Twol week old plants inoculated with Erwinia using the RCS
technique tlad a higher mortality than those inoculated with distilled water (p=0.01), how-
evet, these differences were not found in plants inoculated at six weeks of age. Seedling
mertality oecurring front the RCS technique is probably due to the physteal- injury. and
 stress placed on the seedlings. ’ :

There were no differences in root density scores for plants moculated w1th dlstﬂled-
. 'water or Erwinia, (Table 3- 1) Root density scores for plants moculated using the RCS tech- .
nique were lower than for the CI and SI methods (p=0.01). There were no differences in
root ‘densit.y scores for the six week old plants using the CI or SI techniques. The lower -
root density scoreé for the RCS treatments were expected since the roofs were trimmed to

25 mm below the crown.

There were no significant d1fferences for top and root weights between the treatments o

inoculated with Erwinia and those inoculated with distilled water (Table 3-D. 'I_‘op and

root weights were lower with the RCS technique than the CI or SI methods (p=0.01).
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Table 3 1. The Effect of Three Inoculatlon Techniques on the Percentage Seedhng Mortal-
ity, Root Density Scores, Top Growth Weights, Root Weights and Discoloration
Measurements of Sainfoin Seedlings Inoculated in the Greenhouse with Erwinia

amylovora.
Root Top Root
Seedling Density Weights Weights  Discoloration
Mortality Scores (2) €3] Measurement
Treatment '
Inoculation ' ' :
~ E.amylovora 1.06 3.06 049 . 0.34 3.80
distilled H,O - 0.50 3.25 0.56 0.30 1.68
LSD.y s . 1.17 2.23 0.27 048 2.30
Age : : , ‘
2 weeks ' - 0.81 12,69 0.21 0.15 . 1.90
6 weeks 0.75 3.62 ~0.79 0.49 3.58
LSD,ys 0.39 0.72 0.21 025 3.79
Method ‘
Inoculation with E. amylovora
2 weeks: .
Root-Cut-Soak 1.25 3.00 0.10 . 0.08 5.56 . -
Soil Inoculation 000 - 175 0.21 0.13 0.00
6 weeks: : '
. Root-Cut-Soak 1.00 1.75 0.15 0.08 . 8.79
Soil Inoculation 0.00 575 131 - 1.09 . 0.85
- Inoculation with distilled H,0 ’ :
2 weeks: - - -
Root-Cut-Soak 0.75 . 2.50 0.95 0.10 : 2,06
Soil Inoculation - 0.00 3.00 0.44 0.30 0.00
6 weeks: " : :
Root-Cut-Soak 225 2.00 . 0.25 0.14 4.67
Soil Inoculation 0.00 5.00 146 - 0.68 - 0.00
LSD,ys - 1.79 1.29 0.37 0.51 1.88

Compansons of Plants Inoculated at 6 Weeks of Age
Inoculation with E. amylovora :

6 weeks: i . ;
Root-Cut-Soak - 1.00 . 1.75 0.15 0.07 8.79
‘5 SoikInocultition 0.00 5.75 1.31 1.09 0.85
Crown Injection 0.25 525 . 1.51 1.19 13.00
Inoculation with distilled H,O
6 weeks: . ' .
Root-Cut-Soak 225 2.00 0.25 0.14 4.67
Soil Inoculation 0.00 5.00 1.46 0.68 0.20
Crown Injection 0.25 5.25 1.79 1.47 "0.20

LSD.,s - I.13 1.44 049 0.73 3.23
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There were no differences between the CI and SI techniques. The lower scores of the RCS
treatments were b'e'cause.of root pruning and consequent stunting of the top growth. Top- -
and root weights of two weék old plants were significantly lower than those of the six-
week old plants, due to age differences.

Development of vascular discoloratiori in plants inoculated at six weeks of age, with
Erwinia, was greater than in the water-inoculation treatments (p=0.01) (Table 3-1, Figure
3-1). |

The crown injection technique using Erw-z'm'a resulted in the greatest amount of root
tissue vascular discolora:ltion with very little discoloration in the distilled water check freat—
ments. Good symptoms also developed using the the RCS technique, ‘bﬁt approximately
55% of the check plahts we‘re also infected. This is probably because stray pathogens éan
easily enter the wounded root tissue during the healing process‘. _

Only slight symptom development occurred with the SI method, indicating it is inef-

fective as an inoculation technique. A significant inoculation X method interaction (p=

-0.05) occurred because the pattern of response with the SI method varied from the RCS

and CI methods.
Overall, the CI technique appeared to be the most promising because it allowed the
highest disease symptom development, lowest mortality, and the lowest contamination in

the chc_ack treatments.

.Experiment 2. (Sainfoin inoculated with Pseudomonas syringae)

As in the previous experiment, differences were found among the three inoculation
methods for mortaﬁty, root density, top weights, root weights, and root discoloration

measurements (Table 3-2) (Appendix Tables 4 and 5).
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Figure 3-1. The Effect of Three Inoculation Treatments on Internal Root Discoloration of
Two and Six Week Old Remont Sainfoin Seedlings Inoculated with Erwinia
amylovora.
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Table 3-2. ‘The Effect of Three Inoculation Techniciues on the Percentage Seedling Mortal-
. ity, Root Density Scores, Top Growth Weights, Root Weights and Discoloration
Measurements of Sainfoin Seedlings Inoculated in the Greenhouse thh Pseudo-

monas syringae.
, Root Top Root .
Seedling = Density Weights Weights  Discoloration
Mortality Scores (3] (g) Measurement
Treatment
Inoculation C - '
E. amylovora. 0.56 3.94 0.61 : 0.48 11.56
distilled H, O ~0.75 - 3.69 0.66 0.38 -3.93
LSD,,s : 0.68 2.08 0.44 0.32 10.94
Age , :
2 weeks 0.50 3.00 032 0.19 2.09
6 weeks : 0.81 4.62 - .0.96 0.69 12,79
LSD,ys - 0.99 5.20 0.28 0.28 7.04
Method '
Inoculation with E. amylovora
2 weeks: ' C _
Root-Cut-Soak 2.50 .75 - 0.53 - 0.08 7.23
Soil Inoculation 0.00° "3.50 0.53 . 0.32 - 0.00
. 6 weeks:. ’ - _
Root-Cut-Soak 1.75 4000 ~ 0.24 0.27 36.24
Soil Inoculation 0.00 6.50. 1.63 1.44 T 2.80
Inoculation with distilled H,O
2 weeks: . e , :
Root-Cut-Soak - 0.75 2.50 0.12 0.17 1.15.
Soil Inoculation - 0.00 4.25 . 056 - 0.30 0.00
6 weeks: . '
Root-Cut-Soak 1.25 © 2.5 0.39 0.20 14.46
~ Soil Inoculation -0.00 .5.25 1.60 0.86 010
LSD.os 1.61 2.12 0.33 0.36 18.10

Compansons of Plants Inoculated at 6 Weeks of Age
Inoculation with E, amylovora -

. Root-Cut-Soak =~ 2.50 . 4.00 - 0.24 0.27 36.24
Soil Inoculation 0.00 6.50 1,63 1.44 2.80.
Crown Injection 0.00 5.50 1.35 2.01 18.55

Inoculation with distilled H,O ' " ‘ .
Root-Cut-Soak 1.25 275 0.39 . .0.20 14.46
Soil Inoculation 0.00 525 . 1.60 0.86 . 0.10

. Crown Injection - 0.00 550 ° 2.02 1.60 = 877

LSD, o5 155~ 315 052 - 130 2036
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No seedling deaths pccurred with the SI method. The RCS technique caused signifi-
cantly higher plant mortality than the CI or SI techniques (Table.3'-2). There wefe n§, ‘
differences between the CI or.SI techniques. The high mortalities in both the Pseudomoﬁas
and water-inoculated RCS treatments indicate the deaths were caused by physical injury
from thé inoculation procedure. |

There were no differences in root density scores between the CI ox"' SI treatments
(Table 3-2). The root density scores of the plants inoculated at two and six weeks of age,
using tﬁé RCS technique, were lower than those inoculated using the CI or SI mcthods_
(p¥0,10, p=0.05, respectively). These data are §imilar 'té the first experiment.

Top and root weights (of' the two and six v;/eek'old seedlings) varied with the inocu-
lation method; resulting in a signiﬁcant seedling age X inoculation method interaction
(p=6.01) (Table 3-2).

Top growth weights of the seedlings inoculated at two weeks of age were lower than

those inoculated at six weeks of age. Top growth weights of plants inoculated using the

RCS technique were lower than either the CI or SI methods (p=0.01, p=0.01, respec-
'tively). There wére no differences between the CI or SI treatments.

Root ‘weights of tile two week old Seedlings were lower than the six week old seed-
lings (p‘—'-_0.0l_). The RCS treatments had lower root weights than the CI (p=0.01) or SI
(p=0.06) treatr.r;ents. ‘

There was less discoloréj:ion in the roots of two week old se‘edlings'tha'n six week
old seedlings (p=0‘.01) (Table 3-2, Figure 3-2). The RCS and CI methods Iresulted in morel.

discoloration than the SI technique (p=0.01, p=0.08, respectively). Inoculation of six
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Figure 3-2. The Effect of Three Inoculation Treatments on Internal Root Discoloration of
Two and Six Week Old Remont Sainfoin Seedlings Inoculated with Pseudo-
monas syringae.
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“week old seedlings using the RCS technique caused the highest symptom development to

'. occur. However, contamination of the RCS checks was also high.

The Cl method resulte,d in good 'symptom development and loW contamination of the .

check treatments. Lack of symptom development w1th the SI téchnique resulted in a sig- . -

nificant seedling age X moculatlon method interaction (p =0.05).

Experiment 3. (Alfalfa inoculated with Pseudomonas syringae)

Becaltse of the inability to inoculate the two week old alfalfa ~seedlings using the RCS
an.d‘ CI techniques (the seedlirlgs were toe smaﬁ), only the data obt_ained from the seedlings
inoculated at six weeks of age 'Were analyaed (Table 3-3) (Appendix Table 6).

The mortality rate of the seedlings inoculated using the RCS method were higher than.
A e1ther the CI (p=0.01) or the SI (p =0.01) methods There were no differences between the _'
Cl or SI techmques These data are consistent w1th the two previous expenments. |

The root density scores, top, and root we1ghts of the plants inoculated usmg the RCS
method were lower than those 1noculated using the CI or SI methods (p =0. 01) As in the
' samfom expenments the RCS treatment caused severe injury and stuntmg

Discoloration scores were lower vw1th .plants inoculated usmg distilled water than
those inoculated, with Pseudq_m_onas syringae (p=0.10) (Figure 3-3). There were no. signifi-
cant differences in discoloration measuremehts, between the RCS and CI techniques. How-
evei', the CI method is t)referted because of low contamination ot‘ the check treatments and .
low mortality rates. | | ‘ | |

Both the CI artd RCS methods produced higher disease symptoms than the SI me'th'od‘
(p=0.01), which is censidered ineffective as an inoculation method. These data are sitnilat

- to the sainfoin experiments.-




Tdble 3-3. The Effect of' Three Inoculation 'Te.chmques on the Percentage Seedling Mortallty; Root Density Scores,
Top Growth Weights, Root Weights- arid Discoloration Measurements of Six Week Old Alfa.lfa Seedlings
Inoculated in the Greenhouse with Pseudomonas syrmgae

‘ Root . Top Root . .  Discoloration
) ) Seedling Density Weights Weights - Measurements
- Inoculation Technique = -  Mortality Scores! . (® ® (mm)
Inoculation with P. syringae? ‘ ' o -
Root-Cut-Soak 275 ~2.00 0.21 0.27 13.19
Soil Inoculation : 0.25 .6.00 . 2.45 2.45 0.00
Crown Injection . ‘ 0.50 4.50 1.97. 2.30 _18.39
Inoculation with distilled H,0? , : ' -
Root-Cut-Soak . 2.25 © 325 0.28 - 0.38 8.32
“Soil Inoculation ) 0.00 - 5.25 2.64 238 . . 0.00
Crown Injection 0 25 _ - 5. 75 2 35 2.64 5.38

1 Scored on a 1-7 scoring system (1= few roots 7 = tap and abundant secondary root system). )
zLSD(p .05) _ 1.40. 2.00 1 46 . 147 - 9.92

0c
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Figure 3-3. The Effect of Three Inoculation Treatments on Internal Root Discoloration of
Six Week Old Ladak 65 Alfalfa Seedlings Inoculated with Pseudomonas
syringae.
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. Conclusions

The RCS technique causes severe seedling shock and high plant mortality. Contami-
nation was high in the water-inoculated RCS treatments, since there was ample time for
stray pathogens to infect the root during the healing process after inoculation.

The SI technique was considered unacceptable for inoculating seedlings due to lack of

~ symptom development.

- The crown injection technique appears most appropriate for inoculating seedlings. It

resulted Ain low physical injury to the seedlings, low contaminatioh, and high symptom

development in the inoculated treatments. .

The six week old seedlings were more suitable for inoculation because (1) the two

week old plants were not large enough to inoculate using several of the techniques, and (2)

' higher disease dévelopment 6ccurr¢d with the six week old seedlings.

Inoculating six week old seedlings with Pseudomonas syringae or Erwinia amylovora
using crown ihjection seems to be the most appropriate procedure and results in severe

vascular discoloration.




,Chapter IV

?

THE RESPONSE OF TEN HALF-SIB SAINFOIN FAMILIES AND CUTTINGS FROM
NINE ALFALFA CLONES INOCULATED WITH Pseudomonas syringae USING
) THE CROWN INJECTION TECHNIQUE
" An effective inoculation technique should produce similar disease severity scores
when applied to cuttings of the same clone. The objective of this study was to evaluate the
repeatibility of the crown injection technique. Alfalfa clones and sainfoin half-sib families
were inoculated with the highly virulent P. syﬁngaé isolate #1 originally&solated from the

crowns of diseased sainfoin plants.

Materials and Methods

In 1981, vegetative cutﬁngs from nine sainfoin and nine alfalfa plants were made. The
" alfalfa cuttings readily rooted and were transplanted into 100 mm.2 pots cOntaini_ng ver-
miculite. The sainfoin cuttings did not survive, so ten Remonf ilalf-sib familigs were eva.lu-
ated'instead of cloneé. Two seeds were planted in each 125 X 25 mm “‘conetainer” filled
with masonry sand. After emergence, the seedlings were thinned to one péf conetainer.
The plants were grown in the greenhouse at 21°C with a 16 hr photoperiod provided by
supplemental lighting from incandescent bulbs. The plants were watefed with a nutrient
solution once daily (Appendix Table 1). |

This study consisted of two separate experiments; nipe alfalfa clones and ten half-sib .
sainfoin families. Each experiment was conducted as a randomized complete block design
with 'f(_)ur replications. Each replication consisted of either ten half-sib sainfoin families
with nine se:edlings pelj entry or nine alfalfa ;cl';)nes. with ten cuttings per;cloné., Data were

collected on individual plants within a replication and averaged before being analyzed.
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Inoculations Were made when the alfalfa and sainfoin plants were six months and six

" weeks old, respectively. The _plants were injected with a 1 mL éuspension (108 cfu/mL) of

P. syringae #1 using the crown injection technique descﬁbed in Chépter ITI. Top growth
was trimmed to approximately 100 mm in height.
Six weeks after inoculation, the plant roots were harvested and evaluated for disease

severity. First, the length of internal root discoloration was measured down from the point

- of inoculation. In addition, a disease seveﬁty score was assigned to each root in the. follow- ‘

ing manner: 1 = no discoloration, 2 = faint streak or small spot of discoloration, 3 = heavy
line of discoloration, but no lateral spread, 4 = lateral spread of necrosis, 5 = severe necro-
sis of the entire crown and upper root area (Figure 4-1). |

. .Isolatioos from diseased root tissue were taken from fwo plants.in each plot and plated

on BCBRYV agar .(Appendix Tablé 1), a medium selective for fluorescent Pseudomonads.

Results and Discussion

Experiment I: (Sainfoin Half-sib Families)
The crown injection system was effective in producing disease symptomo in the sain-
foin haif—sib families. Pseudomonas syringae was isolatod from 98% of fhe roots.
‘Differences in disease oeveﬂty scores were detected among sainfoin half-sib. families
(Table 4-1). The resolution, however, was limited, \i/ﬁh family 52 having a significantly -
lower score than family 21.

The range of severity scores within each family was high, which is reflected io the low

~heritabilities. Narrow sense heritabilities were 4.3% and 60.1% when calculated on individ- -

ual pl’aht and progeny mean basis, respectively (Appendix Table 7).

1
'




Figure 4-1. Visual Scoring System Used to Assign Disease Severity Scores to Sainfoin and Alfalfa Roots Inoculated
with Pseudomonas syringae Using the Crown Injection Technique. Numbers refer to the disease severity
score assigned to each plant: 1 = no discoloration, 2 = faint streak or small spot of discoloration, 3 =
heavy line of discoloration, but no lateral spread, 4 = lateral spread of necrosis, 5 = severe necrosis of the
entire crown and upper root area.

SC
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Table 4-1. Disease Severity Scores and Length of Root Discoloration of 10 Haif-Sib Sain-
foin Families Inoculated with Pseudomonas syringae Using the Crown Injection

Technique.
Disease Severity Scores! Discoloration Measurement?®
Half- # of Plants Within Family Within Family
Sib  Evaluated Variance Range Variance Range
52 33 26} 0.751 15 1742 93.92 141
11 .33 27, . 0905 15 16754 11276 1-55
35 35 27, 1.386 15 143y 111.82 141
82 36 27,1 0892  15. 140, . 9738 130
51 34 27y 0.746 -4 19.04 9672 - 245
74 35 285, 0.891 -5 189y 98.32 1-42
72 33 294 1059 15 179y 10118 1-46
. 47 34 3.0, 0.696 224 190y 73.85 239
79 31 3.0, ~ 0.733 s 14.0, 56.73 230
21 34 3.2 . 1119 25 176, 86.56  3-42

.CV 10.50% CV 16.00%

! Disease severity scored as shown in Figure 4-1.
2Means not followed by the same letter differ at the .05 probability level (DMR test).
3The length of internal root discoloration was measured from the point of inoculation

(mm).
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The second disease evaluation was a measurement of the distance (mm) internal root
discoloration had spread from the point of inoculation. The range of these measurem‘ents-
were extremely variable within ._each half-sib family. Differences in discoloration measure-
ménts were detected among families, but the ranking differed from that of the. diséase
severity scores. Half-sib families 35, 82, and 79 ha}d the least spread of discolorétion and
had significantly }ess spreéd than half-sii) families 51, 72,.74, and 47. No correlation (r =
'0.15) was found between disease severity scores and the length of discoloration. Data
obtained from discolération measurements could be iricoﬁectly interpreted if internal
necrosis had spread laterally instead of longitudinally. Also, measuring 'the length of '
discoloration is somewhat'd_ependent on how long the root is, and the ability to longitu-
dinally split the entire root. For these reasons, ratiné the plants on a disease seven'ty index
seems more apprbpriate tﬁan simply measuring the length of discoloratidn. Howevér, .
because'of the discrepancy in the results of these two e\}aluations (i.e., disease severity

scores and discoloration measurements) further studies should be conducted.

Experiment II': (Alfalfa Clones)
The crown injection method was effectivé in producing disease symptpms in alfélfg
clones, with Pseudomonas syringae being recovered froﬁ 99% of the roots.
_ 'Differences 1n disease severity scores were found among alfalfa_: clones (Table 4-2).
: Cloﬁes TR2 e_m_d TR3 had signjﬁcantly lower scores iﬁan the other qlones. Howchr, there
was a wide range Qf scores within each clone, indicating environmental variance was high.
Discoloration measurements witl}jn a clone were also extremely variable. ‘A_lthough

differences were detected among clones, the ranking varied from that of the disease sever-

ity scores. If a program was implemented to breed alfalfa for resistance to P, syringae fur-
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Table 4-2. Disease Severity Scores and Length of Root Discoloration of Cuttings From
Nine Alfalfa Clones Inoculated With Pseudomonas syringae Using the Crown
Injection Technique.

Digease Severity Scores? ‘ Discoloration Measutement®
Within Clone Within Clone
Clone! Means Vdriance Range Means Variance Range
~TR2 322 . 0743 224 2983 13917 450
™R . 32, 0541 s sy, 105.89 6-55
G.13 3.6, 10.564 25 2434 93,72 4-46
Gl 3.6y 0292 24 278, 8280 1042
WS131 . 3.7, 0.635 2-5 29.1 4 162.12 7-55
SAI0 3.8y, 0.589 25 340, 13105 6-55
SA 38y, 0.387 35 300, 10347 1055
G.12 4.0, 035 35 21.0, 54.10 636
~ MRI21 4.oc' " 0.486 3-5 28.7,4p 104.05 6-45
CV 5.48% K | CV 15.39%

1 Forty plants evaluated of each clone.

2 Disease severity scored as shown in Figure 4-1.

3 Means hot followed by the same letter differ at the .05 probability level (DMR test).
% The length of internal root discoloration was measured from the pomt of inoculation
(tnm).
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ther studies should be conducted to determine the reliability of a disease severity scoring

system. I feel the same reasoning holds for this experiment as for the sainfoin experiment.
Conclusions

‘ The crown injection technique is effective in producing disease symptoms in sainfoin -
énd alfalfa, although the repeatability of the technique is low. |
' Genetic variability for resistance to P;gudomona‘s syringae does exist among sainfoin
families. However, selections should be based on progeny tests and not ‘on an individual
plant basis. Sainfoin half-sib families that have‘ been selected for resistance to Fusarium
&olargi shouldl be évaluated for resistance to Pseudomonas syringae using the crown injec-
tion method. l
~ Genetic variability was detected among alfalfa clones. Selection could be most effec-

tive when based upon the mean of several cuttings from a clone.




Chapter V

THE EVALUATICN OF MULTI-PATHOGEN INOCULATION
OF SAINFOIN IN A FIELD SITUATION
Since the root-crown rot disease complex in sainfoin is associated with five pathogens,
it wouid be advantageous té know if any synergistic or antagonistié interactions exist
among them. Thekvobjective of this study was to (1) determine if disease severity differs
with. varying. inoculum sources (i.e., different combinations of F, solani, F. roseuﬁz, P.
syringae, P. marginalis, and E. amylovora) in a field situation, and (2) to Qetennine, .the

value of artificial inoculation in the field.

Matetials and Methods

On May 29, 1981, Remont sainfoin was seeded in a Bozeman silt loam soil at the
Arthur H. Post Field Experiment Laboratory west of Bozeman, Montana. The plots were
seeded at 22.4 kg ha™ on 305 -mm centers'in 6.1 m rows. One month after seeding, the
plants were thinned to approximately one plant every 152 mm.

The experiment was conducted as a randpmizedl complete block design with four
r.eplications. The treatments consisted of inoculating the plants with all possible combi-‘
nations of the fiw.le pathogens involved in crown and root rot of séinfoin (Table 5-1 ): In -

_addition, a field inoculum was prepared from necrotic crown and root tissue obtained from

plants in a sainfoin disease nursery at the Field Experiment Laboratory. To prebare this ‘ .

inoculum, diseased tissue was extracted from the vascular tissue of the root with a scapel, '

ground in a Waring blender and filtered through cheesecloth.
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Table 5-1. Crown and Root Rot Pathogens and Pathogen Combinations Used for Inocu-
lating Remont Sainfoin Seedlings in the Field.

Treatment Treatment Treatment .

# Pathogen(s)* # Pathogen(s) # Pathogen(s)
1 1 12 2,5 23 235
2 2 - 13 34 24 24,5
3 3 4 35 25 345
4 4 15 45 6 1235
5 s 16 123 27 1,2,3,4
6 1,2 17 1,24 28 23,4,5

7 13 18 1,2,5 29 1,345
8 419 1,3,4 30 1245
9 5. = 20 1,3,5 31 - 1,2345
10 2,3 a 14,5 © 32 field inoculum
11 24 22 2.3,4 33 nonwounded cﬁeck _

34 ' wounded check

. Y1'=F. solani -

2=F. roseum
3 =P, syringae
4 = P, marginalis
5 =E. amylovora
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Every other row in the experiment was a éheck row. Plants in alternating check Tows
were inoculéted with distilled water. The rema.ining check rows were left undisturbed to
determine the severity of the inoculation technique.
The following isolates were used:

Bacteria! .

1. Pseudomonas syringae #1

t

2. Pseudomonas marginalis #8

3. Erwinia amylovora #15-3

i

Fungi

1. Fusarium solani #3982
2. Fusarium roseum #DG383
The P;eudomonads were growﬁ on BC agar (Appendix Table 1). The Erwinia isolate
.was grown on NBYGA agar (Appendix Table 1). Bacterial densities, determined by ﬁsing
a photoelectric colorimeter _(Model 800-3)', were approximately 108 cfu/mL
The Fusarium isolates were grown as shake cultures in a medium develop:ed for pro-
moting growth of Fusaria (Appendix Table 1). Fungal densities (approximately 22 X 108
c.zdnidia/mL) were detennined by counting the number of conidia in a hemacytometer.
'- For ;che treatments involving more than one pathogen, equal quantities of each isolate
were combined. Approximately 160 small absorbent cotton balls were soaked:_ with inocu-
lum for each treatment, placed in a zip-lock béig, stpred in an ice chest, and taken to the

field, where they were used within several hours,

1 Obtained from necrotic sainfoin crown tissue, 1978.
2 Isolated from diseased sainfoin tissue.
3 Obtained from D. Gaudet’s sainfoin Fusarium isolates.
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Inoculations were made by trimming the top growth to about 150 mm, splitting the
crown of each plant (appro#i.tﬁ’afely 25 mm deep) with a razor blade, and placing a small
inoculum-soaked cotton ball in the wound. Al plants in each treatment row (approxi-

mately 40) were inoculated. Inoculations were made in August, 1981 (three months after

' seeding). Initial stand counts were taken at that time.

In May, 1982, stand counts were taken to determine if winter kill (attributable to
either the inoculation technique or the pathogeﬁs) héd occurred.

In a preliminary .study, 50 random plants (pﬁinoculated) were dug during Masf, 1932,
in the same plots, but to the éouth of the field .study. Roots were scored on the 1-5 disease
severity scoring systexﬁ described in Chapter IV, and isolations were made -usiﬂg standard |
p:rocedures [5,59,60,66]. Séleétive media (Appendi;( Table 1) used in the isolationé_
included: (1) BCBRVB, a medium selectivé for fluorescent Pseudomonads, (2) a high‘
sucrose medium seleétive for Erwinia drﬁylovom, and (3) Nash and Snyder’s [52] medium, '
selective for Fusarium spp. Two réot pieces per pl@t were used in the fusarial isolations,
one with the outér bark (c_onsisting of the phloem, cortex, and periderm) intact and one
with the outer bark removed, to determine if Fusarium is found in the discol‘ofed vascular
tissﬁé.

In June, 1982, nine plants per treatment row were dué aﬁd rated on the 1-5 disease
severity scoring system. Isolations were then méde from diseased root tissue of three plants .

per treatment row (two replications) using the prog:edlire described above.
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Results and Discussion

Preliminary Study

All fifty uninoculated plants dug at random exhibited disease symptoms (Table 5-2),

Disease severity scores ranged from 2 to 4.

Table 5-2. Disease -Severity Scores of Fifty Naturally Infected Remont Sainfoin Plants
Grown at the Field Laboratory Near Bozeman, Montana.

Number of Plants Disease Severity Score
0 1
25 2
15 3
10 4
0 5.

Forty-four perqent of the plants were infected with P. marginalis, 76% with P.
syringae, and 86% with E. amylovora. ‘

When isolations were made with the outer bark of the root intact, Fusarium solani
was isolated from 36% of fhe plants and F. roseﬁhz v}as isolated from 10% of the plants.
When the outer bark was removed, F. solani and F. roseum were isolated ffom 0% and 4%
‘of the plants, respectively. These data are consistent with thé data reported by~Gaud§t )

[30,31 1, indicating Fusarium spp. is primarily confined to the outer bark tissue.

_ Multi-Péthogen Inoculum Study

There was no significant winter kill in.any of the inoculated or check;row treatments.
This indicates that the pathogens or inoculation technique did not weaken the plants (the

first winter after inoculation) enough to cause severe winter injury.
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Significant differe_nces in disease severity did occ_:ﬁr among thé inoculated treatments
(Table 5-3). A consistent pattern, however, wéls npf detected, and paired-t comparisons
between. thé indculatior_l treatfnents containihg each pathogen did not reveal any signifi-
cant synergistic‘ or antagonistic interactions among the five paﬁogens (Table 5-4). Therel
was no difference in diseasé se\;erity between the nonwounded and wounded check treat-
-ments (p=0.359). Under ﬁeid conditions nonwounded plants became infected as quickly
as wounded plants. |
Inoculation treatmehts 2 (F. roseum), 10 (F. roseum, P. .é'yringae), 22 (F. roseum, P,
syringae, P. maréinalis), 23 (F. rosedm, P. syringae, E. amylovora), 24 (F. roseum, P,
marginalis, E. amylpl;ora), aﬁd 28 (F. r.oseum, P. syringae, P. marginalis, E. amylévoré)
resulted in greater diséase severity than their néighboring' check rows (Table 5-5). However,
_since these treatments were no‘t more severely infected than most of the other treatments
(Table 5-3), fhesitate to recqmmend th_em as superior ipocdmhs. '

Paired-t comparisons qf the inoculated treatments and their neighboring wounded
and nonwounded cﬁeck rows did nbt reveal significant differences concerning the pa_ttho-
gens recovered f_rom the isolations (Tabie 5-6). Just as many pathogens were récowared |
from plants in-the non-inoculétéd wounded and nonwounded :c.hé(:k rows as theI inocu-

lated treatments.
Conclusions

Disease severity and the number of pathogens isolated from diseased root tissue did
not increase significantly with artificial inoculation. Apparently, natural inoculum levels

' are high enough to cause infection in the field.

1
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Table 5-3. Disease Severity Scores of Remont Sainfoin Plants Inoculated With the Crown
- and Root Rot Pathogens Singularly and in Combination. :

Treatment! . " Treatment Treatment Treatment
#  Mean? # . Mean # Mean # Mean
1 2.09 8 2.52 15 . 2.69 . 6 .2.82
3 2.16 5 - 2.53 18 273 24 . 2.85
32 2.22 21 . 2.55 11 2.76 10 - 2.86
20 - 234 . 27 2.55 30 2.76 22 . 2.93
14 2.36 29 2.64 16 2.77 2 2.97
4 2.44 25 2.66 31 2.78 23 3.00
T 247 9 267 . 17 2.80 26 - 3.00
19 2.51 13. 2.68 12 _ 2.80 28 3.02

1 Treatment numbers refer to those shown in Table 5-1.

21LSD.o5 = 0.46

Table 5-4. Paired-t Comparisons of D1sease Severity Scores Between Inoculation Treat- ‘
ments Contammg Each Pathogen.

Fusarium Pseudomonas  Pseudomonas Erwinia

g ' roseum syringae marginalis amylovora
Fusariym solani* . =0.89 -0.19 - 0.30 ' 0.36
Fusarium roseum 0.70 0.59 - 0.53
Pseudomonas syringae - : o 0.1 0.17
Pseudomonas marginalis - - . : 0.63 .

! t-Comparisons for each pathogen consisted -of all inoculation treatments contammg that
pathogen (16 treatments/pathogen)
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Table 5-5. Paired-t Comparisons of the Disease Severity Scores From Each Inoculated
Row With the Two.Checks (average score) Neighboring It.

Treatment t Value for Treatment ' "t Value for
#1 Comparison ' # Comparison
1 -1.836 17 1.103
2 | 3.990% 18 - 1.751
3 0.048 ' 19 -0.757
4 ~4.296 20 -2.075
5 -0.780 | 21 | -0.344
6 12,519 2 3.771%
7 0.242 23 3.305*
8 1.234 , u 4.234*
9 0.754 _ 25 0.448
10" 3.605% 26 . | 1309
11 1520 7 1.981
12 2434 ‘ 28 S sTE
13 1.809 29 .2.81'8
14 0361 30 2326
15 -0.192 : 31 1.261
16 ‘ 0.392 32 -1.645

! Treatment numbers refer to those shown in Table 5-1.
*Indicates the inoculation was significantly higher than the neighboring checks rows (aver-
age score) at the .05 level.
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Table 5-6. Palred-t Comparisons of the Bacterial Pathogens Isolated From the Inoculated
Rows with the Check Rows Neighboring Them.

Pathogen! -t Value for Comparison
! Pseudomonas syringae . 0.944
Pseudomonas marginalis -' 1.167
Erwinia amylovora 1.777

1t Comparisons for each pathogen consisted of all inoculation treatments contammg that
pathogen (16 treatments/pathogen) .

Wounding the roots did not increase disease severity. The hollow stems appear to be

the major infection site, and root wounding did not intensify infection by the pathogens.




Chapter VI

FIELD EVALUATION OF TWENTY-SIX SAINFOIN POPULATIONS
FOR RESISTANCE TO CROWN AND ROOT ROT DISEASE
To breed for disease resistance, suitable sources of resistance must be‘aﬁaila'ole from’
Which selections can be made. The objectivé of this study was to :détermine if levels of

resistance to crown and root rot disease varied among sainfoin populaﬁons.'

Materials and Methods

On May 29, 1981, 26 sainfoin populations (Tabie 6-1) were seeded in a Bozeﬁlan sillt.
loam (Agric Pachic Cryoboral) soil at the Arthur H. Post Field Experiment Labqrato_ry
west of Bozeman, Montana. The experiment was seeded at 44.8 kg ha™ in 1.83 # X 6.1 m
plots with eleven rows per blot. Two rows of *Napier’ orchardgrass (Dactylis glomerata L.)
were Qeeded bet'ween' individual plots. A randomized complete block design with four-
replications was used. | ) |

1n June, 1982, five plants per plot were dug and rated on the 1-5 disease severity.

scoring system described in Chapter IV.

Results and Discussion

Differences in disease severity were detected among the sainfoin entﬁes (Figufe 6-1).
There were no significant differences among the Remont types. Eski and EFsl had signifi-
cantly higher diseasé severity -s,cores than ECI and ECIV, but were.not different from ECII,
ECIII, ECV, and ECVL Melrose and MFs1 had similar disease severity scores. |

Afte.r one cycle of greenhouse selection (for resistance to FMum solani), RFsl

(Remont), EFsl (Eski), and MFs 1 (Melrose) did not exhibit lower disease severity than the
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Table 6-1. Sainfoin Popu]atlons Evaluated for Resistance to Crown and Root Rot Disease

in the Field. .
Entry . , o Background

'RCI Lo Remont - five clones selected for yield
RCII . Wl Remont - five clones selected for yield
RCIII R Remont — ten clones selected for yield
RCIV S o Remont. — nine clones selected for regrowth
ECI : ' ..~ . (Eski — five clones selected for yield
EClI S .. Eski - five clones selected for yield
ECIIT . Eski - - five clones selected for yield

ECIV A Eski — ten clones selected for yield
ECV ' ' Eski — fifteen clones selected for yield

'ECVI. , - ' ' Eski . — five clones selected for regrowth:
RFsl1 : Remont — selected for resistance to F. solani
EFsl Eski - selected for resistance to F. solani
MFsl _ Melirose — selected for resistance to F. solani
CC1 Eski  — natural selection at Creston, MT
cC2 Eski — natural selection at Creston, MT L
BC1 : I Eski — natural selection at Bozeman, MT Ce
USSR o Russian Bulk (PI no. unknown) S
wC , . ' World Collection Bulk
Renumex : : .Cultivar released by N. Mexico Agr. Exp. Sta.

. Bski Cultivar released by Montana Agr. Exp. Sta.

~ Remont - : Cultivar released by Montana Agr. Exp. Sta. -

Melrose . - Cultivar released by Canada
W40 ' ' ‘ Remont-Eski 10 years of natural selection
JB - Judith Basin Bulk |
Pola - . Polish cultivar

SK 48 o ‘ ~ Polish cultivar




DISEASE SEVERITY SCORES [means)

Figure 6-1. The Evaluation of Twenty-Six Sainfoin Entries for Disease Severity When Grown Under Natural Field
Conditions (based on 1-5 scoring system, 1 = no discoloration, 5 = severe necrosis of the crown and upper
root area).
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pmeptal cultivars. This indicates that the bacterial pathogens may be more important in
th'é field than Fusarium solani. Selections s:hoizld also be based on resistance to the bacterial
" pathogens involved in crown and root rot.
The remaihipg eritries'gxhibiteq varyiﬁg disease severity, with all-entries having greater

diéease development than the Polish cultivér SK48
Conclusions

Differences in disease resmtance existed among the twenty-sm sainfoin populatlons
Progress was not made after one cycle of selection for res1stance to Fusarium solani in the
cultivars Eski, Remont, and Melrose. Greenhouse selections should also include screenir_lg
plants for resistance .to-the b.act'erial pathogens involved in crown and root rot.

Since SK48 had little disease development, sélectioné should be made from this culti-
var and tested on a statewide basis to determine its adapfability to Montana’s growing

. conditions.




Chapter VII
SUMMARY AND CONCLUSIONS

Sainfoin (Onobrychis yiciz’folia Scop.) has potential as a valuable forage legume in the
westerﬁ United States. Production, however, is limited because of sainfoin’s susceptibility
to crown and root rot. The organisms believed to be involved in this disease complex are
two fungal (Fusarium solani. and F. roseum) and three bacterjal pathogens (Pséudomona;
syiringae, P. margihalz's, and'Erwinia amylovora).
| Recently, Pseudomonas syringae was u'nphcated as the pathogen responsible for the
loss of approxnnately 405 ha of alfalfa near Manhattan, Montana. Consequently, green- _
house studies were performed on alfalfa to determine the pathogenicity of P. syringae t6
this forage species. | . |

The objectives of this study were to (1) develop an effectiVe greenhouse screening
technique to find plants resistant to P. syringae (sainfoin and alfalfe) and E. emylovora '
(sainfoin), (2) determine the effect of multi-pathogen inoculation (sajnfoin)', and (3) deter-
mine the value of aﬁificial inoculation in a field situatien (sainfoin).

The crown injection technique is effective in producing disease symptoms in sainfoin
an& alfalfa seedlihgs It resulted in a high percentage of infecﬁon, sevére disease symptoms,
and low seedling mortahty ‘attributable to the moculatlon technique. The repeatibility of
the techmque, however, was low, wh1ch was reflected in the low heritabilities. Selections
should be based on progeny tests rather than on an individual plant basis.

Arﬁﬁcial.inocuiation does not appear to be necessary in the field. Disease severity
scores of artificially inoculated .sainfoin plants were not significantly higher than those -

in the neighboring check rows, in all but a few instances. -
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Differences in disease resistance were detected among sainfoin populations growing

in the ﬁeld SK 48 had significantly lower disease severity scores than all of the other ‘

entnes This cultlvar would be a good germplasm source for future breeding programs
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Append1x Table 1. The Composition of the Media Used for Fungal and Bacterial Isolations

-and Increase, and the Composition of the Nutrient Solution Used in
This Study.

I. Fungal Media:
A. Pentachloronitrobenzene Agar (PCNBA) [52]:

Agar ‘ 20.0g
Difco peptone ) 50g
KH,PO, 1.0g
MgSO, - 7H,0 05g
Distilled water 1000.0mL
Pentachloronitrobenzene (PCNB), 75% W.P.* 10g
Streptomycin* 300.0mg

Preparation: streptomycin and PCNB are added after
autoclaving and medium is cooled to 42-45°C.

‘B. Fusarium Shake Culture [5]:

NH, NO, _ : 1.0g
KH,PO, : : . 1.0g
MgSO,+7H,0 . . : 05g
Yeast extract . : 1.0g
-Distilled water 1000.0 mL

Preparation: Add 15 g carboxylmethylcellulose to the
distilled water (slightly warmed) with a stirring bar. Then
add 10-100 mg kanamycin sulfate to the culture for bac-
terial control. Autoclave.

II. Bacterial Media:
A. BCBRVB Agar [59]:

Proteose peptone no. 3 20.0g

Glycerol 15.0mL
Nobel agar (Oxoid purified agar) - , 12.0g
Distilled water 990.0mL

Preparation: Autoclave at 121°C for 15 min and add growth
modifying agents* after coo]mg to 55-60°C. Agitate and pour
plates. . .
*Growth modifying agents
1. Place 6 mg vancomycin, 10 mg bacitracin, and 0.5 mg
rifampicin in 2 mL of 95% ethanol, then add 2 mL of
sterile distilled water to the tube.
2. In a separate tube dissolve 500 mg Benlate (50 WP) in2mL
of 95% ethanol followed with 4 mL of sterile distilled water.
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Appendix Table 1,(continued) =~

B. BC Agar
Proteose peptone no. 3
K 2 I'IP04 b 3 Hz 0
MgSO4 -TH 2 (0]
Cyclohexamide (Sigma)
Nobel agar (Oxoid purified agar)
Glycerol
Distilled water

C. Nutrient Broth Yeast Glucose Agar (NBYGA):

Nutrient broth
Glucose

Yeast Extract
Agar

Distilled water

" D. Erwinia amylovora specific medium [16] :
‘Sucrose .
Nutrient broth
Crystal violet (0.1% in absolute ethanol)
Cycloheximide (0.1% solutlon)
Agar
. Distilled water

III. Nutrient Solution:
A. Normal Nutrient Solution:
N
P,0;
K.,O
Tap water

20.0g
25¢g
6.0g
. 01g
1208
150¢g
990.0mL

8.0g
2.0g
50g
150g -
1000:0mL

160.0g

12.0g
0.8mL
20.0mL

12.0g
380.0mL

23¢g
2.3¢g
23g
189L




Appendix Table 2. Analyses of Variance for Mortality, Root Density, Top Growth Weights, Root Weights, and Dis-
" coloration Measurements of Two and Six Week Old Remont Sainfoin Seedlings Inoculated with
Erwinia amylovora Using the RCS and SI Inoculation Methods.

Top Growth Piscoloration

Mortality Root Density Weights ‘Root Weights Measurements
Source ' df ms : ms ms- - .ms . ms
Replications (R) 3 1.08 - 0.61 050 -~ 012 = - 0.65
noculum Source (I) 1 2.00 1.53 0.10 - 0.0l 41.547
(Erwinia or H, O) . ) '
E, 3 1.08 . 3.95 006 .. 0.18 4.18
Seedling age (A) 1 1.13 . 11.28 2.69%* 0.91% _ . 26.83
IA 1 0.13 3.78 0.00 0.14 1.66
Ep - 6 0.21 0.70 ~ 0.06 0.09 7.19
Inoculation Method (M) 1 18.00%* 30.03%* 3.99%* - l.e4e= : 191.69%% -
M ' 1 - 050 0.03 0.04 0.06 20.58%%
- AM 1 013 - - 19.53%* 1.84%* 0.85% - 10.70%#
IAM 1 "0.13 2.53 0.16" 0.20 0.39
Ec 12 1.35 ' 0.70 0.06 . 0.11 1.50

T, %, and % denote significance at the 0.10, 0.05, and 0.01 significahce levels, respectively.

W
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Appendix Table 3. Analyses of Variance for Mortality, Root Density, Top Crowth Weights, Root Weights, an&—bls- |
coloration Measurements of Six Week Old Remont Sainfoin Seedlings Inoculated wﬁh Erwzma
_ amylovora Using the RCS, CI, and SI Inoculation Methods.

Top Growth Discoloration

Mortality Root Density Weights "Root Weights Measurements
Source . df ms ms ms ms ms

Replications (R) 3 1.00 044 0.70 0.20 ‘ 0.33
Treatments - _ 5 250% 12.87%% 1.95%% 1.34%% 114,13
Inoculum Source (I) 1 0.17 0.17 0.18 ©0.00 210.46%*
(Erwinia or H,0) : ' _ , :
Inoculation Method (M) 2 6.00%* 31.54% 4.77%% 3.09%¢ . 103.80%*
M : 2 017 0.54 0.02 . 0.25 76.295%
Error 15 057 0.91 011 - 0.23 459

% and #% denote s:gmficance at the 0.05 and 0.01 sxgmﬁca.nce levels, respectlvely

9¢




Aﬁ‘pehdix Table 4. Analyses of Variance for Mortality, Root Density, Top Growth Weights, Rqot Weights, and Qk-
’ coloration Measurements of Two and Six Week Old Remont Sainfoin Seedlings Inoculated with
Pseudomonas syringae Using -thg RCS and SI Inoculation Methods. i

Top Growth - Discoloration

. Mortality Root Density Weights. Root Weights Measurements
Source daf ms . ms - ms ms: ' ms .
Replications (R) 3 1.36 2.54 0.34 011 -  137.59
Inoculum Souzce (I) 1 0.28 - 0.50 0.02 003 . 50205
(Erwinia or H,0) : ] _ .
E, _ 3° 036 ° 342 0.15 0.08 " 94.53
Seedling age (A) 1 0.78 2112, 3.35%% © 2.58%* 971.85%%
IA 1 1.53 © 8.00 0.00 0.14 ' 149.43
Ey, : 6 1.32 4.56 0.10 0.11 66.30 .
Inoculation Method (M 1 13.78% - 36.12%% 6.23%% 2.83#% 1640.93*
.M 1 0.28 0.00 . 0.02 ° . 003 345.52
AM 1 078 1.13 1.41%# 1.66%% 732.97%%
IAM O | 1.53 0.00 0.01 0.02" .70.66
¢ ’ 12 109 1.90 0.04 005 . . 13795

*% denote significance at the 0.10, 0.05, and 0.01 significance lévels, respectively.
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. endix Table 5. Analyses of Variance for Mortality, Root Density, Top Growth Weights, Root Weigh?s, and Dis-
Avp colo:;tion Measurements of Six Week Old Remont Sainfoin Seedlings Inoculated with Pseudo-

" monas syringae Using the RCS, CI, and SI Inoculation Methgds. o B
Top Growth ) Discoloration

: Mortality Root Density Weights Root Weights Measurements
Source af ms ms ms . ms : ms

Replications (R) - 3 082 - 2.28 0.63* . 0.04 288.04

Treatments 5 307 7.07 C200% 220 1719718

Inoculum Source (I) 1 1.04 4.17 041 0.76 782.61%

(Pseudomonas or H,O) ' ) .

Inoculation Method (M) 2 6.12% 14.541 " 478%s 4.99%= 114236
™ 2 1.04 1.04 026 - 013 186.05

Etror o 15 1.05 438 0.12 0.75 182.52

T, %, and ** denote significance at the 0.10, 0.05, and 0.01 significance levels, respectively.




Appendix Table 6. Analyses of Vanance for Mortality, Root Densﬂ:y, Top Growth Weights, Root Weights, and Dis-
coloration Measurements of Six Week Old Ladak 65 AlfalfaSeedlings Inoculated with Pseudo-

monds syringae Usmg the RCS, CI, and SI Inoculation Methods.

Discoloration

o Top Growth
Mortality Root Density Weights  Root Weights Measurements

Source df ms ms - . ms ms ms
Replications (R) .3 3.00% . 6.60 081 - 143 76.42
Treatments s .560% . 974 495+ 483 - 214854
Inoculum Source (I) 1 0.67 1 2.04 027 0.10 213.19*%
(Pseuc_lomanas or H,0)
Inoculation Method (M) 2 13.62%% . 20.67%* ' 12.18%* 11.95%% 344.07%=
™M "2 004 2.67 0.05 0.08 86.45
Error 15 0.87 2.76 0.94 0.95 43.33

* and **% denote significance at the .05 and .01 significance levels, respectively.

w .
0
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Appendxx Table 7. Formulas Used to Calculate the Narrow Sense Heritabilities of Ten -

Remont Half-Sib Sainfoin Families Inoculated with Pseudomonas
syringae Using the Crown Injection Technique.

h? on an individual 4o’ - 439
plant basis , Pt taig °
h? on a progeny 4ot - 60.1%
mean basis:  #2.. ot 7
— 4402
rk r F
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