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Reaction of Wheat Varieties to Infection by Pythium
arrhenomanes or its Toxic Metabolite (s)
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H. Mojdehi and L.L. Singleton

ABSTRACT

Eight wheat varieties some of which were earlier reported to be resistant to Pythium
arrhennmanes, were inoculated with P. arrhenomanes. Inoculation was performed by
placing 2-day-old seedlings on the edge of a P. arrhenomanes culture on corn meal
agar for 3 h at 25°C. Infected seedlings were then transferred to test tubes (9 mm
dia.) containing glass beads and 1 ml of sterile water, and incubated for 4 days at
25°0 Non-inoculated seedlings were exposed to the toxic metabolite(s) from P.
arrhenomanes by placing them in test tubes containing 1 ml of a 25-day-old culture
filtrate of P. arrhenomanes. Non-inoculated seedlings grown in test tubes containing
sterile water served as controls. Measurements were taken on root and shoot length,
as well as fresh and dry root and shoot weights. There was an indication that it may
be possible to use the toxic metabolite(s) in screening for resistance to P.
arrhenomanes. Although all of the varieties appeared to be susceptible, there were
some differences among them in their reaction to fungal infection or exposure to the
toxic metabolite(s).
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INTRODUCTION

Pythium arrhenomanes Drechs., along with a
number of other Pythium species, cause a
disease of wheat and other cereals commonly
known as browning, or pythium root rot
[8,9]. Characteristic disease symptoms are
severe root browning and stunting, reduced
number of tillers, and poor growth and grain
yields |9]. It was reported that this pathogen
produced a toxic metabolite(s) in vitro, which
induced disease symptoms (i.e. root browning
and stunting) on wheat [4,5,6]. These findings
have suggested the possible involvement of
toxic metabolite(s) in disease development,
and have raised the possibility of using these
metabolite(s) in screening wheat plants for
resistance to Pythium root rot, caused by P.

arrhenomanes.

Varietal resistance to Pythium root rot has
been used as a practical control measure in
sugarcane [2] however, this has not been the
case for wheat. None of the commercial
varieties of wheat are considered immune,
nor highly resistant to pythium root rot [1].
However, differences in yields among varieties
have been observed in the past [1,3, 8].
Vanterpool [8] found that Thatcher and
Apex thrived better than Marquis in adjacent
fields. In another study, Kilpatrick [3] reported
three wheat varieties (i.e. Kaw, Denton-D, and
Denton-E) to be resistant to P. arrhenomanes,
as well as to a few other root rotting Pythium
species in emergence studies.

Plant emergence has been used as a criteria
for determining resistance to root rot, however
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results based on plant emergence alone may
not be very accurate. Perhaps another more
reliable criterion would be quantitative eval-
uation of various growth parameters of infected
plants after emergence. Also, it may be pos-
sible to use toxic metabolite(s) produced by
P. arrhenomanes, or other Pythium species,
to screen wheat plants for resistance to the
pathogen(s). Previous reports indicated that
the effects of toxic metabolite(s) were similar
to those of infection by P. arrhenomanes, but
in these studies only one variety (i.e.
TAM-101) was used [4,5,6]. TAM-101 was
reported to be susceptible to P. arrhenomanes
infection, as well as to its toxic metabolite(s),
as both caused significant reductions in root
length, as well as fresh and dry root weights,
when compared to ..controls. The purpose of
this investigation is to compare performances
of eight wheat varieties, some of which have
earlier been reported to be resistant to P.
arrhenomanes [3].

MATERIALS AND METHODS

Seeds from wheat varieties Kaw (CI 12871),
Crockett (Cl 12702), Denton-D (CI 12701),
Denton-E (CI 12703), Wichita (CI 11952),
Hope (CI 13133) and Kenya (CI 12880) were
increased initially in the greenhouse prior to
the experiments. These seeds, along with
thoses of TAM-101 (CI 15324), were surface
sterilized [80 sec. in ethanol: sodium hypoc-
hlorile (5.25%) 1:1, V/V in a cleaning sonicator
for TAM-101, 35 sec. for all other varieties].
They were then rinsed three times with sterile
water, placed on nutrient agar plates (crease
side down, 20-25 seeds/plate) and incubated
in the dark (48 h; 30+1°C for the variety
TAM-101, 60 h; 30+1°C for varieties Kaw,
Denton-E and Crockett, 72 h; 30+I1°C for
varieties Hope, Wichita, Denton-D and Kenya).

Seedlings free of bacterial and fungal
contaminants with seminal roots 1+0.2 cm
in length were placed on the edge (root tip
in contact with culture) of a two-day-old P.
arrhenomanes culture (corn meal agar, CMA)

for 3 h at 25 + I°C in darkness. Seedlings
were then transferred to test tubes (18x150
mm) containing nine glass beads (6 mm),
and 1 ml of sterile water.

To assess the effects of the toxic metabo-
lite™), seedlings were placed on non-inoculated
CMA plates for 3 h (at 25 +TC), then trans-
ferred to test tubes containing 1 ml of a 25-
day-old cellfree culture filtrate of P. arrheno-
manes grown in a glucose glutamic acid
liquid medium [6]. The procedure for obtaining
cell-free filtrates has been previously
described [6]. Non-inoculated seedlings
(placed on sterile CMA plates for 3 h) trans-
ferred to test tubes containing sterile water
served as controls. Seedlings were incubated
[25+2°C; 12/12, light (27 fi Einst., m” sec.')
/dark] for four days after which shoot length,
longest root length, fresh and dry shoot and
root weights were measured. For dry weight
measurements, roots and shoots were incu-
bated at 50+2°C for 48 h. Measurements
were taken on five seedlings (i.e. five reps.)
per each variety and treatment in a randomized
complete block design with experiments being
replicated twice.

RESULTS AND DISCUSSION

Seven wheat varieties were selected based
on the work of Kilpatrick [3] on resistance
to P. arrhenomanes. Three of these varieties
including Kaw, Denton-D and Denton-E,
were found to be resistant to P. arrhenomanes
in emergence studies [3], and the four other
varieties selected were among the parents of
these resistant ones. In the present study,
these varieties were compared to the variety
TAM-101, Comparison was based on differe-
nces in various growth parameters, four days
after inoculation with P. arrhenomanes, or
exposure to its culture filtrate.

Lengths and fresh weights of both roots
and shoots of all the eight varieties inoculated
with P. arrhenomanes or exposed to its culture
filtrate were significantly reduced when
compared to water controls (Figs. 1-4).
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Figure 1. Root lengths of eight wheat varieties after four days inoculation with P. arrhenomanes, exposure to

its culture filtrate and growth in water.
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Figure 2. Shoot lengths of eight wheat varieties after four days inoculation with P. arrhenomanes, exposure to
its culture filtrate and growth in water.



60
'; N (NFECTION TOXIN WATER
o H———m e i e i e WS L
¢ 50 o
F
r 40
e
s
b aodt
w
e
b 20
g
h
' yo-
m
g

O =

TAM-101 Kaw Den.E Crockett Hope Wichita DenD Kenya
Wheat Varieties

Figure 3. Fresh root weights of eighl wheat varieties after four days inoculation with P. arrhenomanex,

exposure to its culture Filtrate, and growth in water.
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Figure 4. Fresh shoot weights of eight wheat varieties after four days inoculation with P. arrhenomanes,

exposure to its culture filtrate, and growth in water.



However, varieties differed significantly in
variours growth parameters, when compared
with each other within a single treatment.
TAM-101 was found to have a significantly
longer root, and greater fresh and dry root
weights four days after inoculation with P.
arrhenomanes, when compared to all other
varieties tested except Kenya (Table 2, Figs.
1 and 3). Kaw, Dcnlon-D and Denton-E,
which were previously reported to be resistant
to P. arrhenomanes [3], all had significantly
shorter root lengths, as well as smaller fresh
and dry root weights, when compared to
Tam-101, four days after inoculation (Table 2).
Kenya, like other varieties, had a significantly
shorter root length compared to TAM-101,
but it was the only variety that did not differ
significantly from TAM-101 in fresh and dry
root weights four days after inoculation
(Table 2).

Shoot growth parameters among infected
varieties were not significantly different. Hope
was the only variety that had a significantly
shorter shoot length compared to TAM-101,
although its fresh and dry shoot weights did
not differ significantly (Table 2). Kenya, on
the other hand, was the only variety with
significantly greater fresh, as well as dry
shoot weights compared to TAM-101 four
days after inoculation (Table 2).

Reaction of wheat varieties to the toxic
metabolite(s) of P. arrhenomanes was similar,
for the most part, to their reaction to infection
by the fungus. The toxic metabolite(s), like
infection, caused significant reductions in the
root and shoot growth of all varieties, when
compared to the controls (Figs. 1-4). TAM-101,
contrary to its performance when infected,
was not significantly different from most
other varieties in root or shoot growth, four
days after exposure to filtrates of P. arrheno-
manes (Table 3). However, three varieties
(i.e. Wichita, Dcnton-D and Kenya) were
significantly different in certain growth para-
meters from TAM-101. Wichita had signifi-

cantly greater fresh and dry shoot weights,
Denton-D had significantly longer root and
shoot lengths, while Kenya had significantly
greater fresh and dry root, as well as shoot,
weights than TAM-101, four days after expo-
sure to culture filtrates of P. arrhenomanes
(Table 3).

In water, all varieties had significantly
longer shoots and greater fresh shoot weights
compared to TAM-101, four days after incu-
bation (Table 1, Figs. 2 and 4). Kenya,
Wichita, Hope and Kaw also had significantly
greater dry shoot weights than TAM-101,
while the three other varieties did not differ
significantly from TAM-101 (Table 1).

Table 1. Wheal seedling growth parameter differe-
nces between eight varieties, afler four days growth
in sterile water.

Growth Parameter”

Variely Length Fresh Weight Dry Weigh!
(cm) (mg) D g

Rmit Shoot Root  Shoot Root Shoot
TAM- 5.26 7'AS 3398  55.25 225 17.06
Kaw 459 1105 4302 79.15 225 894
Denton- 471 10.17 3821 69.38 2.80 8.39
Erockett 5.08  9.94 38.0 67.89 2.10  6.90
Hope 520 11.73 47.67 81.26 2.83 8.65
Wichita 456 10.92 36.18 82.52 222 8.80
Denton- 422 1098 33.24 69.29 1.96 827
Eenya 4.10 10.87 56.79  96.79 329 11.03
LSD 1.01 1.81 995 1248 0.73 1.58
(P=0.01)

a Growth parameter means are averages determined
from 10 replications for each variety.

It has been earlier shown that a variety
susceptible to a disease could outyield a disease
resistant variety when both are grown under
a disease free condition [lj. With regard to
such findings, the performance of TAM-101
in water (although it is not shown to be
resistant but performs better in root growth)
when compared to other varieties may be
explained. Kenya, the only variety with
significantly shorter roots in water has



Table 2. Wheat seedling growth parameter differ-
ences among eight varieties, after four days inocu*
lation with P. arrhenomanes.

Growth Parameter”

Variety Length Fresh Weithl Dry Weight

(cm) 0 ng)
Root Shoot Rool Shoot Root Shoot

TAM-101 295 582 2698 4279 184 5.64

Kaw 136 438 1590 4077 086 604
Denton-E 140 V33 1257 3848 096 542
Crockett 156 576 1440 4377 089 6.0

Hope 123 394 1639 3523 055 470
Wichita 129 459 1301 42,18 060 6,07
Denton-D 152 632 1274 4111 1.0 614
Kenya 156 544 2374 56,70 148 8.16
LSD 039 162 623 992 049 164

(P=0.01)

a Growth parameter means are averages
determined from 10 replication for each variety.

Table 3. Wheat seedling growth parameter differ-
ences between eight varieties, after four days expo-
sure to eulture filtrate of P. arrhenomanes.

Growth Parameter”

Varietv Length Fresh Weighl Dry Weigh

(cm) mg mg

Root Shoot Root Shoo! Rool Shoot

TAM-101 157 593 '463 4147 143 587
Kiw 158 598 1893 5381 162 724
Denton-E 167 610 1470 4657 179 654
Crockett 162 613 1637 4736 145 624
1 lope 141 571 1879 4880 155 6.16
Wichita 169 657 2016 5534 181 806
Denton-D 198 812  is59 5153 156  7.29
Kenya 195 <4 2660 (469 265  9.03
LSD 038 174 714 1274 092 195
(P-0.01)

a Growth parameter means are averages
determined from 10 replications lor each variety

significantly greater fresh and dry root wei-
ghls, when compared to TAM-101 (Table 1).
Root growth parameters among all other
varieties grown in water, except Hope, with
regard to fresh root weights, were not

significamly different from those of TAM-
101 (Table 1).

Rcesulis from this study indicate that the
variety TAM-101, which was a standard susc-
eptible variety used in previous studies with
P. airhcnomanes [4, 5, 6], Performs signifi-
cantly better in root growth than all other
varieties except Kenya, when infected with P.
arrhenomanes. This was the case despite the
fact that TAM-101, like other varieties
tested, was significantly reduced in root and
shoot growth as a result of infection or
exposure to the toxic metabolite(s) of P.
arrhenomanes. All three varieties (i.e. Raw,
Denton-D and Denton-E), which were prev-
iously reported to be resistant to P. arrheno-
manes, performed significantly poorer in
root growth than TAM-101 alter inoculation
with P. arrhenomanes. This indicates that
determination of resistance based on emer-
gence [3] alone could be misleading, and
measurements of various growth parameters
of inoculated plants could be a more precise
method of determining resistance. Among ail
varieties tested, Kenya was the only one
which consistently performed as well, or better
than TAM-101 for all three treatments. All
varieties tested reacted similarly to both
infection by P. arrhenomanes, or exposure to
its toxic metablolite(s). This indicated that
such metabolite(s) may have a role in
disease development once a host is infected
by the pathogen. Also, there may be
possibilities for using this metabolite(s) in
screening for resistance to P. arrhenomanes.
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