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CHAPTER 1
INTRODUCTION
Phytophthora root rot (PRR) is a major disease of alfalfa (Medicago
sativa L.) in Oklahoma. It is caused by the soilborne fungus

Phytophthora megasperma f. sp. medicaginis Kuan and Erwin (Pmm) in

association with water-saturated soil at temperatures of 12-30 C. When
left uncontrolled, PRR shortens alfalfa stand life, reduces yield, and
encourages weed encroachment. Currently, the only control is to improve
soil drainage and use genetically resistant cultivars.

Increasing resistance of alfalfa to PRR is accomplished by recur-
rent mass selection cycles (i.e., plant--screen material--intercross
resistant selections--harvest seed and then repeat cycle). This selec-
tion cycle has been inefficient in Oklahoma due to the lengthy (10
months) screening period currently uéed to identify resistant plants.
Completion of one selection cycle using the present screening technique
requires up to 2 years.

Most field screening by breeders utilize spring plantings followed
3 or 4 months later with a fall screening. Conditions are such in
Oklahoma that spring planting with fall screening does not always allow
favorable moisture and temperature regimes for effective screening.
Little work has been done with fall plantings, which is the traditional
time to plant alfalfa in Oklahoma. Greenhouse screening techniques can
also be used as a means of supplementing field screening to idenify PRR

resistant plants.



Real progress in the development of PRR resistant alfalfa culti-
vars cannot be made until selection cycles for PRR resistance are
made more efficient. The objectives of this research were to identify
efficient field and greenhouse PRR resistance screening techniques

in alfalfa which are suitable for Oklahoma climatic conditions.



CHAPTER II
Effects of Planting and Screening Dates on Severity of Phytophthora
Rﬁot Rot in Alfalfa
D. R. PORTER, Graduate Research Assistant, J. L. CADDEL, Associate
Professor, Agronomy Department; L. L. SINGLETON, Associate Professor,
Department of Plant Path61ogy, Oklahoma State University, Stillwater
74078

ABSTRACT
Porter, D. R., Caddel, J. L., and Singleton, L. L. 1984, Effects of
planting and screening dates on severity of Phytophthora roct rot in
alfalfa. Plant Dis. 68:////.

Four field studies were conducted to identify efficient Phytophthora
root rot (PRR) resistance screening techniques to minimize the time

required for one cycle of selection in alfalfa (Medicago sativa L.).

Disease index and percent resistant plants of two PRR resistant and two
susceptible cultivars maintained under saturated soil conditions were
used as indicators of screening effectiveness. In two studies, the
effects of six and eight screening dates (Nov. 2 through July 15) on PRR
svmptoms of fall-planted alfalfa were evaluated in 1981 and 1982,
respectively. Results indicated effective screening can be obtained by
mid-May provided soil temperatures exceed 12 C prior to screening. In
two separate studies, the effects of six spring planting dates (March 5

through May 13) were evaluated with an August screening in 1982 and



1983. A mid-April planting resulted in the most effective August PRR
screening. One cycle of selection for PRR resistance per year can be

achieved by utilizing either of these techniques.

Approved for publication as Journal Article J-//// of the Oklahoma

Agriculture Experiment Station. Accepted for publication ////.



Phytophthora root rot (PRR) of alfalfa (Medicago sativa L.) occurs in

nearly every area of the world where alfalfa is grown (9). It is caused

by the fungus Phytophthora megasperma f. sp. medicaginis (Pmm), (10) and

has been cited as a major factor in stand decline of alfalfa (4,6,7,9).

Wilkinson and Millar (13) reported Pmm activity only after soil temp-
eratures reached 15 C in spring with an increase in activity at 18-20 C
and no activity below 12 C in fall. Water saturation of the soil; 1)
predisposes alfalfa to PQR (11), 2) is required for infection, and 3)
promotes optimum disease development (4).

Marks and Mitchell (12) described a technique for detecting and
isolating Pmm from naturally infested soils using 3-day-old alfalfa
seedlings as bait. This methodology was useful for determining distri-
bution of the pathogen in the field. They were able to detect Pmm in
low drainage areas, but not on well-drained slopes.

Host plant resistance was first reported in 1966 (5). Resistance can
be increased in breeding strains by recurrent mass selection cycles
(i.e., plant - screen material - intercross selections - harvest seed
and then repeat cycle). Starting populations with Tess than 10% resis-
tant plants have been increased to 63% resistant plants after three
cycles of se1ectiqn (8). In Canadian field trials, plant losses of PRR
resistant cultivars averaged only 21% compared to 44% for susceptible
cultivars, and yield reductions were 21% and 55%, respectively (6).

A standard field test to characterize PRR resistance in alfalfa
cultivars was developed at the University of Minnesota (1). In this
test, seventy five viable seeds were planted in early May in Pmm natu-
rally infested soils. One month after planting, soil was saturated for

2-3 weeks. If the disease was not severe enough for effective screen-



ing, one or two additional 3-week periods of soil saturation were
imposed. At completion of test (first 2 weeks of September), plants
were dug retaining as much taproot as possible. Roots were washed and
individually scored using a 1-6 classification scale described by
Frosheiser and Barnes (8). Bray and Irwih, (2) in Australia, modified
the standard test by utilizing an August planting and delayed screening
until September of the following year.

In the Southern Plains, fall planting of alfalfs is preferred to
spring planting due to higher plant emergence and Tower plant mortality
after emergence (3). Conditions are such in Oklahoma that spring
planting with faf1 screening does not always allow favorable moisture
and temperature regimes for effective screening. The selecion cycle for
PRR resistance has been inefficient 1n.0k1ahoma due to the lengthy (10
months) screening period currently used. Completion of one selection
cycle using the present screening technique requires up to 2 years.

The purpose of this research was to evaluate the effects of planting
and screening dates on severity of PRR expression in alfalfa in this
region. Emphasis on fall planting with spring screening was to deter-
mine how soon cultivars could be screened. Emphasis on spring planting
was to determine if there was an-optimum date of planting which would

result in the most effective screening in August.



MATERIALS AND METHODS

Date of Screening Studies.. In study 1, one hundred viable seeds of
each of two known PRR resistant (Agate, Apollo) and two susceptible
(Arc, Vernal) cultivars (6) were planted 1 October 1981. In study 2,
Apollo and Vernal were replaced with WL-318 (resistant) and Sarancac
(susceptible) (6) and one hundred fifty viable seeds of each cultivar
were planted 6 September 1982. In both studies, seed was planted in 2m
Tong rows (one cultivar/row) with 30cm spacing between rows. The soil
was a Port Toam naturally infested with Pmm. Overhead irrigation was
applied immediately following planting to ensure stand establishment.
Plant counts were taken 2 weeks following planting in both studies.
Rainfall combined with supp]ementa]_irrigation kept the soil at or near
saturation in both studies during November and December, 1981/82, and
March 1982/83. Plants in study 1 were dug and roots evaluated for PRR
symptoms on April 1, 22, May 13, June 3, 24, and July 15, 1982. Plants
in study 2 were dug November 2, December 20, 1982, and April 1, 22, May
13, June 3, 24 and July 15, 1983.

Date of Planting Studies. In studies 3 and 4, one hundred fifty
viable seeds of each of two known PRR resistant (Agate, WL-318) and two
susceptibTe (Arc, Saranac) cultivars were planted in 2m long rows (one
cu1tivar/row); Planting dates were March 5, 17, April 2, 16, 29, and
May 13, 1982 (study 3) with same six dates in 1983 (study 4). Irriga-
tion was applied following each planting date to ensure stand establish-
ment. Plant counts were taken two weeks following each planting date.
A1l treatments were irrigated daily from June 13 to August 17, 1982

(study 3) and 1983 (study 4). Plants were clipped and roots dug and



evaluated for éRR symptoms on August 24, 1982 (study 3) and 1983 (study
5). |

Split-plot designs were used for all studies with screening, (or
planting) dates as main plots in randomized complete blocks and four
cultivars as subplots with six rep]fcations. Evaluation of individual
plant roots for PRR symptoms was based on a 6-class scale (1= no symp-
toms, 6= dead plants) where plants in classes 1 and 2 are considered
resistant (8). An average disease severity index (ASI) was caicu]ated
for each subplot by use of the following formula;

Summation(Class No. X % in class)

100
Significant differences between resistant and susceptible cultivars for
PRR severity, as expressed in ASI's and percent resistant plants

(classes 1 and 2), were used as indicators of screening effectiveness.



RESULTS AND DISCUSSION

Date of Screening Studies. Cultivars planted in October, 1981 (study
1) showed significant differences (P<0.05) in mean ASI and percent
resistant plants among screening dates (Tables 1,2). ASI's generally
increased, and percent resistant plants generally decreased with subse-
quent screening dates indicating an increase in PRR severity (Tables
1,2). Differences among cultivar types (resistant, susceptible) for ASI
and percent resistant plants were significant within each screening date
even at the first date of screening (April 1). Differentiation of
resistant and susceptible cultivars at April 1 indicates effective
screening had been achieved by that date. Magnitude of ASI's are
similar to those obtained in other breeding programs (8). No signifi-
cant (P>0.05) date X cultivar interaction was detected. Six days (March
16—22) with soil temperatures at or above the 12 C Pmm activity thres-
hold (13) were observed about 2 weeks prior to the first date (April 1)
as indicated in Figure 1.

Two late fall dates (November 2, December 20) were added in study 2
to determine if the screening process could be further shortened.
However, significant differences among cultivars for ASI and percent
resistant plants could not be detected until May 13, 1983 (Tables 3,4).
Mean ASI and percent resistant plants of all cultivars at May 13 were
significantly different than those of preceeding dates (Tables 3,4). No
significant date X cultivar interaction was detected. Unlike 1982, soil
temperatures (Fig. 1) for 1983 did not exceed the 12 C Pmm activity
threshold (13) until about 2 weeks prior to the May 13 screening date.
By July 15, ASI's and percent resistant plants for the resistant culti-

vars could not be distinguished from the susceptible cultivars due to
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severity of PRR damage from prolonged screening under favorable Pmm
disease development conditions (Tables 3,4).

Wilkinson and Millar (13) report that soil temperatures significantly
affect Pmm activity in early spring and late autumn. Results of this
study support their finding. Differences in effective screening dates
in study 1 (April 1, 1982) and study 2 (May 13, 1983) may be attributed
to differing soil temperatures prior to screening dates. Soil tempera-
tures for 1983 were_coo]er than 1982 which suppressed Pmm activity thus
increasing the time required for disease development. Monitoring soil
temperatures in early spring would appear to be an important factor in
deciding when screening would be effective. Prolonged periods of
soil-saturation under higher soil temperatures during June and July,
1983 resulted in severe PRR damage even to the resistant cultivars.

Utilization of either screening date (April 1 or May 13) will facili-
tate completion of one selection cycle per year. Breeding material can
be planted in September/October and screened in April-May after soil
temperatures reach 12 C or higher at Teast 2 weeks prior to screening.
Selected resistant plants could then be transplanted in greenhouse for
intercrossing in June-August, seed could be harvested and planted to
begin another selection cycle in September.

Date of Planting Studies. In study 3, an August, 1982 screening
produced no useable significant differences among ASI means and percent
resistant plants of the six spring and summer 1982 plarting dates
(Tables 5,6). Only the third planting date (April 2) resulted in
significant differences in ASI's and percent resistant plants betweeen
cultivar types (resistant, susceptible) which indicates planting on this

date resulted in the most effective August screening. The ASI mean for
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the fourth planting date (April 16) in study 4 was significantly differ-
ent from other planting dates when cultivars were s;reened in August
(Table 7). However, there was no significant difference in ASI's
detected between cultivar types at that date. Analysis of percent
resistant plants indicated significant differences between cultivar
types at the third date of planting (April 2) which confirms results of
study 3 (Tables 3,4)

Results from these two studies indicate that there is an optimum time
period (early April), rather than a particular date, in which alfalfa
should be planted to obtain effective screening in August. No signifi-
cant (P>0.05) cultivar X date interaction was detected in either study.

Stand establishment of all cultivars at all spring planting dates was
poor. Average number of plants for both years counted 2 weeks after
each planting date were as follows: March 5 - 29 plants, March 17 - 18
plants, April 2 - 47 plants, April 16 - 61 plants, April 29 - 33 plants,
May 13 - 28 plants. Small numbers of plants being screened resulting
from planting dates 1, 2, 5, and 6 may have biased the results from
those dates. E1-Tomi (3) reports that for spring planting in Oklahoma,
an April 1 planting resulted in best establishment as measured by top
and root growth. Results of this study support his finding. Relaticn-
ship between good spring plant establishment and effective August
screenig does exist but cannot be explained. Soil temperatures (Fig. 1)
during period of soil-saturation (June 13-August 17) remained above 18
C. Wilkinson and Millar (13) report Pmm activity is affected more by
changes in soil moisture than temperature at 18 C or above. Pmm activ-

ity during soil-saturaticn period should not have been a limiting
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factor. Why the period of planting (April 1-16) results in the best
August screening is unclear.

Early April plantings with August screening could facilitate comple-
tion of one selection cycle per year. Breeding material could be
planted in early April, screened in August, selections transplanted in
greenhouse and intercrossed September-March, seed harvested and planted
to begin another selection cycle in April.

The objective of minimizing the time required for one cycle of selec-
tion for PRR resistance in alfalfa can be fulfilled by utilizing either
or both selection cycles based on screening techniques discussed ear-
lier. The screening technique based on fall planting and spring screen-
ing will Tikely be preferred in Oklahoma due to favorable fall climatic
conditions conducive to stand establishment. In addition, this tech-
nique resulted in more consistent data. However, the availabiltiy of a
screening technique utilizing spring planting and late summer screening
adds flexibility to the breeding program in addition to allowing the

breeder the opportunity to screen more material per calendar year.
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Table 1. Phytophthora root rot average disease severity index (ASI) of four alfalfa cultivars

planted October, 1981 and screened at six dates in 1982.

Screening dates and as1V

PRR"
Cultivar reaction 4-1 4-22 5-13 6-3 ~6-24 7-15 Mean
Agate | R 2.33a" 2.52a 2.54a 2.50a 2.46a 3.§3a 2.67a”
Apollo R 2.43a 2.89% 2.33a 2.82a 2.88a 2.98a 2.72a
Vernal S 3.58b 4.00b 3.80b 4.49b 4.42b 4.49b 4.13b
Arc S 4.48c 4.85¢c 4.39c 4.64b 4.89b 4.98b 4.70c
Mean 3.20Z _ 3.57ab _ 3.26a _ 3.61b __ 3.66bc_ 3.94c

vAverage disease severity index; 1= no symptoms, 6= dead plants.

"PRR reaction; R= resistant; S= susceptible.

*Means in same column followed by same letter are not significantly different at the 0.05 level;
LSD= 0.52.

IMeans followed by same letter are not significantly different at the 0.05 Tevel; LSD= 0.21.

“Means followed by same Tetter are not significantly different at the 0.05 Tevel; LSD= 0.32.

Sl



Table 2. Percent Phytophthora root rot reistant plants of four alfalfa cultivars planted

October, 1981 and screened at six dates in 1982.

Screening dates and resistant plants (%)V

PRRY
Cultivar  reaction - 4-] 4-22 5-13 6-3 6-24 7-15 Mean
Agate R 74.12%  69.1a  58.0b  68.1a  59.3a  37.7a 61.0aY
Apollo R 73.3a 59.3a  73.5a  58.4a  46.4a  39.0a 58. 3b
Vernal 5 45.3b 38.1b  33.0c 16.0b 9.1b  11.7b 25.5¢
Arc s 26.7¢ 20.5c  21.3c  10.3b 6.4b 1.9b 14.5d
Mean 54.8a°  46.7b  46.4b  38.2c  30.3d  o2.6e

symptoms, 6= dead plants.

"PRR reaction; R= resistant; S= susceptible.

*Means in same column followed by same letter are not significantly different at the 0.05 level;

LSD= 13.7.
YMeans followed by same Tletter are not significantly different at the 0.05 level; LSD= 5.6.

“Means followed by same Tetter are not significantly different at the 0.05 level; LSD= 7.5.

9l



Table 3. Phytophthora root rot average disease severity index (ASI) of four alfalfa cultivars

planted September, 1982 and screened at eight dates in 1982-83.

Screening dates and astV

PRR"
Cultivar reaction 11-2 12-20 4-1 4-22 5-13 6-3 6-24 7-15 Mean
Agate R 2.43a% 2.87a  2.52a  2.77a  2.69a  3.30b  3.04a  4.13a  2.97aY
WL-318 R 2.56a  2.83a  2.38  2.90a  2.93a  2.8la  3.22a  3.94a  2.9%a
Saranac S 2.31a  3.00a  2.98ab 3.20a  3.59b  3.82bc  4.05b  4.60ab  3.44b
Arc s 2.48a  2.99a  2.60a  3.08a  3.67b  3.52b  4.04b  4.10a  3.31b
Mean  2.44a® 2.92b  2.61a__ 2.99b _ 3.22c _ 3.36c__ 3.59d  4.19c

VAverage disease severity index; 1= no symptoms, 6= dead plants.

WPRR reaction; R= resistant; S= susceptible.

*Means in same column followed by same letter are not significantly different at the 0.05 level; LSD= 0.48.

YMeans followed by same letter are not significantly different at the 0.05 level; LSD= 0.17.

ZMeans followed by same letter are not significantly different at the 0.05 level; LSD= 0.22.

LL



Table 4. Percent Phytophthora root rot resistant plants of four alfalfa cultivars planted September,

1982 and screened at eight dates in 1982-83.

Screening dates and resistant plants (%)"

PRR"

Cultivar reaction 11-2 12-20 4-1 4-22 4-13 6-3 6-24 7-15 Mean
Agate R 71.6a*  59.5a 77.6a 70.7a 64.7a 51.7a 54.4a 18.2a 58.5a”
WL-318 R 67.2a 58.4a 75.9a 63.7a 54.4a 60.7a 43.3b 14.0a 54.7a
Saranac S 74.9a 55.5a 64.0b 60-.5a 40.4b 36.7b 30.5¢ 9.0a 46.4b
Arc S 67.9a 54.1a 71.1ab  59.9a 35.5b 39.0b 25.0c 13.6a 45.7b
Mean 7042 56.9c 72.1a  63.7b  48.7d _ 47.0d  38.3e  13.7f
VPercent resistant plants = % of plants in classes 1 and 2 based on a scale of 1-6; 1= no symptoms,

6= dead plants.
"PRR reaction; R= resistant; S= susceptible

*Means in same column followed by same Tletter are not significantly different at the 0.05 Tlevel; LSD= 10.8.
YMeans followed by same letter are not significantly different at the 0.05 level; LSD= 3.8.

“Means followed by same letter are not significantly different at the 0.05 level; LSD= 5.6.

81l



Table 5. Phytophthora root rot average disease severity index (ASI) of four alfalfa cultivars

screened August, 1982 resulting from six spring and summer 1982 planting dates.

Planting dates and AsTY

PRRY
Cultivar reaction 3-5 3-17 4-2 4-16 4-29 5-13 Mean
Agate R 2.64a% 2.53a 2.91a 2.97a 2.05a 1.36ab 2.41a7
WL-318 R 3.07ab 3.39 3.25a 3.40a 2.73b 1.96b 2.96b
Saranac S 2.76a 3.39 4.06b 3.60ab  2.42ab  1.27a 3.03b
Arc S 3.46b 3.64b 3.99b 4.12b 2.80b 1.95b 3.21b
Mean 2.98b°  3.24bc_ 3.55bc  3.52bc  2.50b  1.64a

VAverage disease sevefity index; 1= no symptoms, 6= dead plants.

"PRR reaction; R= resistant; S= susceptible. |

*Means in same column followed by same Tetter are not significantly different at the 0.05 level;
LSD= 0.64.

yMeéns followed by same letter are not significantly different at the 0.05 level; LSD= 0.26.

“Means followed by same letter are not significantly different at the 0.05 level; LSD= 0.57.

6l



Table 6. Percent Phytophthora root rot resistant plants of four alfalfa cultivars screened

August, 1982 resulting from six spring and summer 1982 planting dates.

Planting dates and resistant plants (%)V

PRR"
Cultivar reaction 3-5 3-17 4-2 ~4-16 4-29 5-13 Mean
Agate R 16.3a" 53.7a 46.7a 52.4a 80.6a 90.4a 61.7aY
WL-318 R 34.9ab 27 .8a 39.5a 44 .6a - 63.4ab 77.3a 47.9b
Saranac S 42.3a 26.1a 20.8b 41.7a 68.5a 80.1a 46.5b
Arc S 22.0b 27.1a 17.7b 22.0b 59.9b 94.0a 40.4c
Mean %.4c2  33.7c_ 3l.2c__ 40.0c___ 68.1b _ 85.4a

VPercent resistant plants = % of plants in classes 1 and 2 based on a scale of 1-6; 1= no
symptoms, 6= dead plants.

YPRR reaction; R= resistant; S= susceptible.

*Means in same column followed by same letter are not significantly different at the 0.05 level;
LSD= 16.9.

YMeans followed by same Tetter are not significantly different at the 0.05 level; LSD= 6.9.

“Means followed by same letter are not significantly different at the 0.05 level; LSD= 13.2.

0¢



Table 7. Phytophthora root rot average disease severity index (ASI) of four alfalfa cultivars

screened August, 1983 resulting from six spring and summer 1983 planting dates.

Planting dates and ASIY

PRR"
Cultivar reaction 3-5 3-17 4-2 4-16 4-29 5-13 Mean
Agate R 2.61a% 2.35a 2.58a 3.05a 2.64a 2.43a 2.61aY
WL-318 R 2.79ab 2.59% 2.77ab 3.35a 2.52a 2.74a 2.79b
Saranac S 2.99ab 2.96ab 3.14ab 3.67ab 2.88a 2.64a 3.05¢
Arc S 3.30b 3.22b 3.20b 3.98b 2.91b 2.86a 3.24d
Mean 2.92° _ 2.788 _ 2.92a _ 3.51b _ 2.74a _ 2.67a

VAverage disease severity index; 1= no symptoms, 6= dead plants.

“PRR reaction; R= resistant; S= susceptible.

*Means in same column followed by same letter are not significantly different at the 0.05 level;
LSD= 0.43.

YMeans followed by same letter afe not significantly different at the 0.05 level; LSD= 0.17.

“Means followed by same letter are not significantly different at the 0.05 level; LSD= 0.28.

Lte



Table 8. Percent Phytophthora root rot resistant plants of four alfalfa cultivars screened

August, 1983 resulting from six spring and summer 1983 planting dates.

Planting dates and resistant plants (%)Y

PRR"
Cultivar reaction 3-5 3-17 4-2 4-16 4-29 5-13 Mean
Agate R 61.1a" 76.3a 61.2a 49.7a 69.3a 63.9a 63.6a"
WL-318 R 44.2b 55.8b 49.6b 37.6b 69.4a 37.6c¢ 52.4b
Saranac S 45.7b 48.6b 37.4c 32.0bc 56.1b 49.8b 44.9c
Arc S 33.4c 29.1c 37.6c¢ 24.0c 56.4b 52.2b 38.6d
Mean 45.8bc’  52.4ab  46.4bc  35.8c  62.8a  56.0ab

YPercent resistant plants = % of plants in classes 1 and 2 based on a scale of 1-6; 1= no
symptoms, 6= dead plants.

WPRR reaction; R= resistant; S= susceptible.

XMeans in same column followed by same letter are not significantly different at the 0.05 Tlevel;
LSD= 10.7.

YMeans followed by same letter are not significantly different at the 0.05 level; LSD= 6.0.

“Means followed by same Tletter are not significantly different at the 0.05 level; LSD= 14.8.

a¢



Soil temperatures (C)
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Figure 1. Mean weekly soil temperatures (C) at the 15 cm

from March 1 through June 30, 1982 and 1983.
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CHAPTER III
Greenhouse Studies of Phytophthora Root Rot Resistance Screening Tech-
niques in Alfalfa
D. R. PORTER, Graduate Research Assistant, J. L. CADDEL, Associate
Professor, Agronomy Department; L. L. SINGLETON, Department of Plant

Pathology, Oklahoma State University, Stillwater 74078

ABSTRACT
Porter, D. R., Caddel, J. L., and Singleton, L. L. 1984, Greenhouse
studies of Phytophthora root rot resistance screening techniques in
alfalfa. Plant Dis. 68:////.

Greenhouse studies were conducted to develop a simple, reliable
screening technique for Phytophthora root rot (PRR) resistance in

alfalfa (Medicago sativa L.). Disease index and percent resistant

plants of two PRR resistant (Agate, W1-318) and two susceptible
(Saranac, Arc) cultivars maintained under saturated soil conditions were
used as indicators of screening effectiveness. Five soil treatments of

varying percentages of Phytophthora megasperma f. sp. medicaginis Kuan

and Erwin (Pmm) naturally infested field soil (1%, 3%, 10%, stratified
(steamed sand layer over field scil), and 100% field scil) were evalu-
ated as media for screening.

Results indicate that 1% Pmm naturally infested field soil by volume
in steamed sand gave best results in screening for differentiating

between PRR resistant and susceptible cultivars. This technique offers
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a simple alternative to use of artificially cultured Pmm isolates as
inoculum source. More work is needed to perfect the screening procedure

to obtain optimum screening results.

Approved for publication as Journal Article J-//// of the Oklahoma

Agriculture Experiment Station. Accepted for publication ////.
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Phytophthora root rot (PRR) of alfalfa (Medicago sativa L.) caused by

the fungus Phytophthora megasperma f. sp. medicaginis Kuan and Erwin
(Pmm), (11) is a major factor in stand decline (3). PRR occurs in
nearly every area of the world where alfalfa is grown (8).

Zoospores of Pmm sporangia are mofi]e in free soil water and are
attracted to alfalfa roots where they encyst, germinate, and penetrate
the cells in the zone of cell extension, thus initiating the root rot
infection process (7). MacDonald and Duniway (13) reported that fine-
textured soil may reduce the ability of the spores to sWim through such
soils. However, water-saturated soil conditions predispose alfalfa
roots to Pmm through increasing root damage and through increased
exudation of nutrients that increases the attraction of zoospores to the
roots (12).

Cardinal temperatures for growth of Pmm in culture are reported to
be: minimum, 8 C; optimum 25 C; maximum 30-33 C (3). Erwin (4) re-
ported severity of PRR damage in greenhouse tests was similar at 17, 21,
24, and 27 C, and was slightly less at 30 C. Wilkinson and Millar (18)
reported Pmm activity wes affected more by changes in soil moisture than
by temperature when soil temperature was 18 C or above.

Marks and Mitchell (14) described a baiting technique for detecting
and isolating Pmm from’natura11y infested soils using 3-day-old alfalfa
. seedlings. Pratt and Mitchell (16) used the same baiting technique to
determine the surivial of Pmm in field soils and found Pmm remained
infective in naturally infested soils stored for 3.5 years at 25 C.

They also reported growth of susceptible cultivars in infested soils

resulted in increased infective activity.
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Host plant resistance was first reported in 1966 (4). Resistance is
increased in breeding strains by recurrent mass selection cycles (i.e.,
plant - screen material - intercross selections - harvest seed and
repeat cycle). Starting populations with Tess than 10% resistant plants
have been increased to 63% resistant plants after three cycles of
selection (6). In Canadian field trials, plant losses ¢f PRR resistant
cultivars averaged only 21% compared to 44% for susceptible cultivars,
while yield reduction was 21% and 55%, respectively.

Greenhouse techniaues have been developed to screen alfalfa popula-
tions to identify resistant plants. ATl techniques described were
similar in that Pmm isolates were artificially cultured and used to
inoculate seedlings grown in controlled environments (1,2,6,9,10,15,17).
A standard greenhouse test. is described by Barnes et al (1) in which
seed is planted directly into Pmm infested sand in water-tight contain-
ers. The seedlings are watered sparingly for about 4 weeks. Then,
drain-holes in the container are plugged and water is added daily to
raise the water level to the surface. Sand temperature is maintained at
20-24 C. After 4 weeks, plant roots are evaluated for PRR symptoms (1).
Field and greenhouse evaluations were correlated (r= 0.99 and 0.95) in
two tests (6). Hohrein et al (10) added Pmm inoculum to 12-day-old
seedlings, satﬁrated soil for 3 days, and screened 18 days later.
Frosheiser and Barnes (6) incculated 14-day-old seedlings, saturated the
soil for 2-3 weeks, and then screened. Rogers et al (17) inoculated
12-week-01d seedlings, flooded soil for 6 weeks, and then screened.
Miller et al (15) planted seeds in artificially infested soil. After 3

days, soil was saturated for 1 week and plants screened.
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A11 reported techniques rely on artificially cultured Pmm isolates as
a source of 1noch1um. Little work has been done on using Pmm naturally
infested soil as a source of inoculum for greenhcuse screening purposes.
The purpose of this paper is to report the results of using varying

percentages of Pmm naturally infested field soils for screening for PRR

resistance in greenhouse tests.
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MATERIALS AND METHODS

Three greenhouse benches (2.4 X 0.9 X 0.2 m) with metal bottoms and
wooden sides were partitioned into four sections each (0.6 X 0.9 X 0.2
m). Ten holes (1 cm dia.) were drilled in the bottom of each section.
Each section bottom was lined with a 2 cm layer of gravel (6 cm dia.) to
promote drainage. Soil known to be naturally infested with Pmm col-
lected from the Agronomy Research Station, Stillwater, Ok. and passed
through a 9-mesh screen was used as Pmm inoculum source throughout
studies.

Four soil treatments were evaluated during study one (steamed field
soil (check treatment), 1% infested field soil, 10% infested field soil,
100% infested field soil). Soil treatments of 1% and 10% infested field
soil were thoroughly mixed with sand steamed at 95 C for 8 hours at |
ambient pressure to obtain volumes équa1 to other soil treatments.
Fertilizer (N, P, K) and 1ime were mixed with individual soil treatments
as needed on the basis of soil analysis results.

Each of the four sections per bench were filled with equal quantity
(0.1 m3) of soil treatment. -One hundred viable seeds of each of two
known PRR resistant (Agate, WL-318) and two susceptible (Saranac, Arc)
cultivars (5) were planted in 90 cm long rows (two rows/cultivar, two
border rows).

Study one. Seeds were planted 6 February 1982. Plant counts were
taken 16 February 1982. Plants were clipped & April 1982. Beginning 10
April 1982, all treatments were irrigated daily to maintain soil satura-

tion. Periodic checks of PRR disease development were made by uprooting

plants of resistant and susceptible cultivars in border rows. All
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plants were uprooted and evaluated for PRR symptoms on 14 June 1982.
Soil treatment temperatures ranged from 10-20 C.

Study two. Study one was repeated with the following revisions; 1)
steamed field soil treatment was replaced with 50% steamed field soil
and steamed sand, 2) 10% infested field soil treatment was replaced with
3% infested field soil, 3) quantity of unsteamed field soil was halved,
and an equal amount of steamed sand was placed over the field soil
(stratified), and 4) one hundred fifty viable seeds were planted per
row. Seeds were planted 13 July 1982 and plant counts taken 1 week
later. A1l treatments were irrigated daily beginning 8 August 1982.
Plants were clipped 8 September 1982, uprooted and evaluated for PRR
symptoms on 14 September 1982. Soi]vtreatment temperatures ranged from
20-30 C.

Study three. Study two was repeated with a 9 October 1982 planting
date. Plant counts were made 18 October, plants were clipped and daily
irrigation began 9 November 1982. Plants were uprooted and evaluated 9
December 1982. Soil treatment temperatures ranged from 15-25 C.

Study four. Study three was repeated with a 7 January 1983 planting
date. Plant counts were taken 18 January, and plants were clipped 17
February, 17 March, and 1 April 1983, Déi]y irrigation began 2 April
and plants were uprooted and evaluated 10 May 1983. Soil treatment
temperatures ranged from 15-30 C.

Study five. Study four was repeated with a 22 May 1983 planting
date. Plant counts were taken 31 May, and daily irrigation began 22
August 1983. A1l plants were uprooted and evaluated for PRR symptoms on

22 September 1983. Soil treatment temperatures ranged from 20-30 C.
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Split-plot designs were used for all studiés with soil treatments as
main plots in randomized complete blocks and four cultivars as subplots
with three rep]fcations. Evaluation of individual plant roots for PRR
symptoms was based on a 6-c1éss scale (1= no symptoms, 6= dead plants)
with plants in classes 1 and 2 considered resistant (6). An average
disease severity index (ASI) was calculated for each subsample by use of
the following formula;

Summation(Class No. X % in class)

100
Significant differences between resistant and susceptible cultivars for
PRR severity, as expressed in ASI's and percent resistant plants, were

used as indicators of screening effectiveness in each soil treatment.
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RESULTS AND DISCUSSION

Significant (P<0.05) differences were detected among soil treatments
for ASI and percent resistant plants means of all cultivars in studies 1
and 2 (Tables 1,2). Significant (P<0.05) differences for ASI means were
detected among cultivars in studies 1, 2, 4, and 5 (Tables 1,2,4,5).
Significant differences for percent resistant plants among cultivars
were detected only in study 1 (Table 1). No significant soil treatment
X cultivar interaction for ASI was detected throughout these studies.
Significant soil treatment X cultivar interaction for percent resistant
plants was detected only in study 3.

Significant differences among cultivars for ASI and percent resistant
plants were detected within various soil treatments throughout these
studies (Tab]e'l-S). However, differences detected among cultivars in
four soil treatments (FS, 3%, 10%, énd STRAT.) are neither consistent
nor useable in a screening procedure due to non-differentiation of
cultivar types (resistant, susceptible). Severe PRR damage of resistant
cultivars (Agate, WL-318), as indicated by high ASI's and Tow percent
resistant plants, is evident in studies 2-5 in soil treatments contain-
ing Pmm infested field soil (Tables 2-5). The severe PRR damage
obtained may be explained by the prolonged exposure to optimum condi-
tions of Pmm infestation and disease development under which the plants
were grown. Soil treatment temperatures varied considerably within
studies, and from study to study, but remained within the range of
temperatures (17-30 C) at which Pmm is active. These conditions may
have enabled Pmm to overcome the resistance of Agate and WL-318.
Frosheiser (7) reported PRR resistance does not confer immunity, and any

plant may succumb to Pmm attack under certain conditions. Cooler soil
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temperatures (10-20 C) in study 1 may have suppressed Pmm activity
resulting in increased percent resistant plants in the 1% infested field
soil treatment compared to results obtained in the same treatment in
subsequent studies

Soil treatment consisting of 1% infested field soil mixed with 99%
steamed sand (1%) resulted in best separation of cultivar types (resis-
tant, susceptible) for ASI and percent resistant plants in studies 1, 3,
and 4 (Tables 1,3,4). Even at this Tow percentage.of Pmm infested field
'soil, PRR damage appears to be too severe for effective screening due to
prolonged duration of tests under optimum conditions for PRR develop-
ment.

It is interesting to note no significant differences appeared in ASI
means of all cu]tivars among the 1%, 3% and stratified field soil
(STRAT.) treatments in studies 2-5 (Tables 2-5). Pmm contamination of
the check treatments (SFS/SS) in studies 4 and 5 resulted in no signifi-
cant differences among soil treatments in those studies (Tables 4,5).

Bray and Erwin (2) reported greenhouse PRR screening of alfalfa is
generally more severe than under field conditions. Results of these
studies confirm their finding as indicated by high ASI's and Tow percent
resistant plants obtained for all cultivars (Tab]es 2-5).

Greenhouse screening for PRR resistance in alfalfa utilizing Pmm
naturally infested field soil as an inoculum source can be used as a
simple alternative to artificially cultured Pmm isolate inoculum. In
addition to ease of handling and preparing Pmm naturally infested field
soil screening media, possibility of truncation selection for resistance
to other naturally-occuring soilborne pests does exist. Soil treatment

consisting of as little as 1% Pmm naturally infested field soil by



volume resulted in adequate PRR disease development for PRR resistance
screening purposes. More work is needed in the areas of soil tempera-

ture control and duration of screening time to perfect the technique.
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Table 1. Phytophthora root rot average disease severity index (ASI)
and percent resistant plants of four alfalfa cultivars grown 4 months

in four soil treatments (study 1).

Soil treatments‘
PRR® AsT"

Cultivars reaction SFS 1% 10% FS Mean
Agate R 2.65a¢  2.57a 4.86a 4.70a 3.70a"
WL-318 R 3.58b 2.82a 5.06ab 5.08ab  4.74b
Saranac S 3.57b 3.17ab  5.52b 5.30b 4.39b
Arc S 3.37b 3.54b 5.31ab  5.23ab  4.36b
Mean  3.29a' 3.0 5.9 5.0

Percent resistant p]antsW

Agate R 65.5b* 68.0b  14.5a  12.9a  40.2¢”
WL-318 R 46.1a 63.0ab 14.1a 11.8a 33.8b
Saranac S 46.9a 54.8a 5.9a 5.3a 28.2a
Arc S 51.2a 49.4a 7.9a 8.3a 29.2ab
Mean 52.4b° 58.8b  10.6a  9.6a

95011 treatments; SFS= steamed field soil, 1%= 1% infested field soil,
10%= 10% infested field soil, FS= 100% infested field soil.

rAverage disease severity index; 1= no symptoms, 6= dead plants.

SPRR reaction; R= resistant; S= éusceptib]e.

tMeans in same column followed by same letter are not significantly
different at 0.05 level; LSD= 0.50.

UMeans followed by same letter are not{significant]y different at 0.05
level; LSD= 0.25.

VMeans followed by same letter are not significantly different at 0.05

level; LSD= 0.62.



“Percent resistant plants = % of plants in classes 1 and 2 based on
scale of 1-6; 1= no symptoms, 6= dead plants.

*Means in same column followed by same letter are not significantly
different at 0.05 level; LSD= 10.4.

YMeans followed by same letter are not significantly different at
0.05 level; LSD= 5.2.

“Means followed by same letter are not significantly different at

0.05 level; LSD= 14.1.
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Table 2. Phytophthora root rot average disease severity index (ASI)
and percent resistant plants of four alfalfa cultivars grown 2 months

in four soil treatments (study 2).

Soil treatmentsr

; AST®
PRR
Cultivar reaction SFS/SS 1% 3% STRAT. Mean
Agate R 1.98" 4.09a  4.23b  3.35a  3.41b"
WL-318 R 1.83a 4.00a 4.31b 3.18a 3.33ab
Saranac S 1.83a 3.98a 3.78a 3.27a 3.21a
Arc S 1.94a 4.11a 4.20b 3.35a 3.40b
Mean  1.8%" 4.05 413  3.2906
Percent resistant p]antsX

Agate R 80.5a 12.7a 20.2a 21.3a 33.7 NS
WL-318 R 83.4a 7.2a 24.1a 19.0a 33.4 NS
Saranac S 83.5a . 10.0a 30.1a 23.4a 36.7 NS
Arc S 81.2a 11.7a 28.4a 23.6a 36.2 NS
Mean 82.1b° 10.4a  25.7a  21.8a

"S011 treatments; SFS/SS= steamed field soil and steamed sand, 1%=
1% infested soil, 3%= 3% infested field soil, STRAT.= infested field
soil topped with steamed sand layer.

SAver‘age disease severity index; 1= no symptoms, 6= dead plants.
tPRR reaction; R= resistant; S= susceptible.

UMeans in same column followed by same letter are not significantly
different at 0.05 level; LSD= 0.35.

YMeans followed by same letter are not significantly different at 0.05

level; LSD= 0.17.
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"Means followed by same letter are not significantly different at 0.05
level; LSD= 1.06.

Xpercent resistant plants = % of plants in classes 1 and 2 based on
scale of 1-6; 1= no symptoms, 6= dead plants.

YMeans in same column followed by same Tetter are not significantly
different at 0.05 level; LSD= 6.9.

“Means followed by same letter are not significantly different at 0.05

level; LSD= 31.2.
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Table 3. Phytophthora root rot average disease severity index (ASI)
and percent resistant plants of four alfalfa cultivars grown 2 months

in four soil treatments (study 3).

Soil treatment!

AsTY
PRR"

Cultivar reaction SFS/SS 1% 3% STRAT.  Mean

Agate R 1;93abx 3.32ab  3.26ab 4.16a 3.17 NS
WL-318 R 1.74a 3.06a 3.44b 4.29a 3.13 NS
Saranac S 1.97ab  3.75bc  2.89%a 4.08a 3.17 NS
Arc S 2.26b 3.85¢c - 3.47b 4.46a 3.5T NS
Mean  1.97NS  3.49NS  3.26Ns  4.2aNs

Percent resistant p1antsy

Agate R 78.9ab”® 30.1ab  36.3a 6.7ab  38.0 NS
WL318 R 82.1b 35.8b 36.7a 3.4a 39.5 NS
Saranac S " 77.3ab  21.6a 50.0b 13.3b 40.5 NS
Arc S 70.7a 29.9a 38.7a 4.7ab  36.0 NS
Mean  77.2N5  29.3NS  40.4Ns__ 7.0Ns

USoi1 treatments; SFS/SS= steamed field soil and steamed sand, 1%=
1% infested soil, 3%= 3% infested field soil, STRAT.= infested field
soil topped with steamed sand layer.

VAverage disease severity index; 1= no symptoms, 6= dead plants.

WPRR reaction; R= resistant; S= susceptible.

*Means in same column followed by same letter are not significantly
different at 0.05 level; LSD= 0.49.

Ypercent resistant plants = % of plants in classes 1 and 2 based on

scale of 1-6; 1= no symptoms, 6= dead plants.



“Means in same column followed by same Tetter are not significantly

different at 0.05 Tevel; LSD= 9.0.
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Table 4. Phytophthora root rot average disease severity index (ASI)
and percent resistant plants of four alfalfa cultivars grown 2 months

in four soil treatments (study 4).

Soil treatmentst

u

PRRY -
Cultivar reaction SFS/SS 1% 3% STRAT.  Mean
Agate R 3.61a"  4.17a 4.04b 3.99a 3.95a"
WL-318 R 3.82a 4.25a 3.35a 3.97a 3.84a
Saranac S 3.71a 4.87b 4.27a 4.17a 4.25b
Arc S 4.08a 4.76b 4.38b 4.26a 4.37b
Mean  3.8INS  4.51NS  4.01NS  4.l0NS

Percent resistant p]antsy

Agate R 41.0a* 13.0a 13.5a 20.4a 22.0 NS
WL-318 R 35.7a 16.3a 29.5b 19.5a 25.1 NS
Saranac S 36.2a 7.9a 15.3a 17.7a 19.3 NS
Arc S 33.4a 8.9a 14.5a 17.7a 18.6 NS
Mean 36.485  11.5NS  18.2NS _ 18.8NS

tSoi] treatments; SFS/SS= steamed field soil and steamed sand, 1%=
1% infested field soil, 3%= 3% infested field soil, STRAT.= infested
field soil topped with steamed sand layer.

uAver‘age disease severity index; 1= no symptoms, 6= dead plants.

VPRR reaction; R= resistant; S= susceptible.

"Means in same column followed by same Tetter are not significantly
different at 0.05 level; LSD= 0.48.

XMeans followed by same Tletter are not significantly different at 0.05

level; LSD= 0.24.



Ypercent resistant plants = % of plants in classes 1 and 2 based on

scale of 1-6; 1= no symptoms,
“Means in same column followed

different at 0.05 level; LSD=

6= dead plants.
by same Tletter are not significantly

9.4.
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Table 5. Phytophthora root rot average disease severity index (ASI)
and percent resistant plants of four alfalfa cultivars grown 4 months

in four soil treatments (study 5).

Soil treatments®
PRRY A1
Cultivar reaction SFS/SS 1% 3% STRAT.  Mean
Agate R 3.57a" 3.79a  4.38a  4.11ab  3.96a"
WL-318 R 3.55 4.32b 4.37a 3.96a 4.03a
Saranac S 3.66a 4.27b 4.37a 3.92a | 4.06a
Arc S 3.87a 4.48b 4.60a 4.42b 4.34b
Mean 3.66NS  4.22NS  4.41NS  4.10NS
Percent resistant p1antsy

Agate R 29.8ab” 15.6a 0.0a  10.9ab 14.1 NS
WL-318 R - 34.6b 12.0a 0.0a 9.9ab  14.1 NS
Saranac S 29.3ab 14.1a 3.2a 15.3b 15.5 NS
Arc S 26.3a 9.2a 0.0a 7.5a 10.8 NS
Mean  30.0NS_ 12.7NS__ 0.8NS_ 10.9NS

Soil treatments; SFS/SS= steamed field soil and steamed sand, 1%=

1% infested field soil, 3%= 3% infested field soil, STRAT.= infested
field soil topped with steamed sand.

uAverage disease severity index; 1= no symptoms, 6= dead plants.

VPRR reaction; R= resistant; S= susceptible.

"Means in same column followed by same Tletter are not significantly
different at 0.05 level; LSD= 0.35.

XMeans followed by same letter are not significantly different at 0.05

level; LSD= 0.18.



Ypercent resistant plants = % of plants in classes 1 and 2 based on
scale of 1-6; 1= no symptoms, 6= dead plants.
“Means in same column followed by same Tetter are not significantly

different at 0.05 level; LSD= 6.5.
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CHAPTER IV
SUMMARY AND CONCLUSION

The objectives of this research were to identify efffcient Phytoph-
thora root rot (PRR) field and greenhouse screening technigues to mini-‘
mize the time required for one cycle of selection in alfalfa (Medicago
sativa L.). An average disease index (ASI) and percent resistant plants
of two PRR resistant and two susceptible cultivars maintained under sat-
urated soil conditions were used as indicators df screening effective-
ness. In two field studies, (1981, 1982) the effects of six and eight
screening dates (Nov. 2 through July-15) on PRR observations of a fall-
planted nursery were evaluated. In two separate studies, (1982, 1983)
the effects of six spring planting dates (March 5 through May 13) were
evaluated with an August screening. Split-plot designs were used for
all studies with screening, (or planting) dates as main plots in random-
ized complete blocks, and four cultivars as subplots with six replica-
tions. In greenhouse studies, the effects of using five soil treatments

of varying percentages of Phytophthora megasperma f. sp. medicaginis

Kuan and Erwin (Pmm) naturally infested field soil as sources of inoc-
ulum for greenhouse screening purposes were evaluated.

In the first date of screening field study (study 1), cultivars plan-
ted October, 1981 showed significant differences in mean ASI and percent
resistant plants among screening dates. Differences among cultivar types
for ASI mean and percent resistant plants were significant within each

screening date even at the first date of screening. Magnitude of ASI's
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were similar to those obtained in other breeding programs. No signif-
icant date X cultivar interaction was detected. Soil temperatures for
1982 revealed 5 consecutive days of temperatures at or above the 12 C

Pmm activity threshold 2 weeks prior to the first screening date.

In study 2, cultivars planted September, 1982 showed no significant
differences until the May 13 screening date! Mean of all cultivars at
that date was significantly different from those of preceeding dates.
No significant date X cultivar interaction was detected. Soil tempera-
tures for 1983 did not exceed the 12 C Pmm activity threshold until
about 2 weeks prior to the May 13 screening date. By July 15, ASI
means for the resistant cultivars were too high to distinguish from
the susceptible cultivars.

In the first date of'planting study (study 3), an August, 1982
screening produced no useable significant differences among ASI means
and percent resistant plants of the six spring and summer 1982 plant-
ing dates. Only the April 2 planting date produced significant dif-
ferences between cultivar types (resistant, susceptible) when screened
in August. In study 4, the ASI mean for the April 16 planting date was
significantly different from other planting dates when cultivars were '
screened in August. No significant cultivar X date interaction was
detected.

Results from the greenhouse studies showed significant differences
for ASI means and percent resistant plants of all cultivars among the
soil treatments in studies 1 and 2. Significant differences for ASI
means among cu]tivarsAwere detected in studies 1, 2, 4, and 5. Signif-
icant differences for percent reéistant plants among cultivars were de-

tected only in study 1. No significant soil treatment X cultivar



50

interaction for ASI was detected throughout studies. Significant dif-

ferences among cultivars were detected within the FS, 3%, 10%, and

STRAT. so0il treatments throughout studies, but differences detected

were neither consistent nor useable in a screening procedure due to

non-differentiation of PRR cultivar types (resistant, susceptible).

Soil treatment consisting of 1% infested field soil by volume mixed

with 99% steamed sand resulted in best separation of cultivar types

(resistant, susceptible) in studies 1, 3, and 4. Significant differ-

ences among cultivars were not detected in study 2.

From the above results some conclusions may be summarized as

follows:

1.

Effective PRR screening of a fall planted nursery can be obtain-
ed by mid-May even under cooler soil temperatures.

An early April planting resulted in the most effective August

PRR screening.

Both screening techniques can be used to complete one cycle of
selection for PRR resistance per year.

The screening technique based on fall planting and spring screen-
ing will 1ikely be preferred in Oklahoma due to favorable fall
climatic conditions conducive to stand establishment, in addition
to producing more consistent data.

Pmm naturally infested field soil can be used as a simple alter-
native for inoculum source when screening in the greenhouse.

A mixture of 1% Pmm infested field soil by volume in 99% steamed
sand gave best results in differentiating between resistant and

susceptible cultivars.

To facilitate further studies, some suggestions are summarized as
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- follows:

1. Monitoring of soil temperatures during late fall and early spring
should be a requirement for screening techniques under Oklahoma
conditions to better judge when screening would be most effect-
ive.

2. More work in the areas of soil temperature control and dura-
tion of screening time is needed to perfect screening for PRR
resistance in Pmm naturally infested soil treatments in the

greenhouse.
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