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ABSTRACT -

Water extracts of ponderosa pine, sugar pine, white  F. oxysporum in soil, gredter germination was ob-
fir, and coast redwood litter stimulated the germi- tained with the litter extract. But in-conifer soils,
nation of ‘macroconidia and chlamydospores of Fu-  the germination generally resulted in the produc-

" sarium oxysporum. Germination of chlamydospores of . tion of abnormal germ tubes that fysed rapidly be-
F. oxysporum, F. oxysperum {. sp. vasinfectum, F. fore new chlamydospoges were formed. It is postu-
solani, and F. solani {. sp. phaseoli was also enhanced lated that germ tube lysis of such a large proportion
in conifer soils,-and reached 95 ta 98%. When pon- of the population may account, in part, for .the
derosa litter extract was compared with J9 glucose general absence of ‘Fusarium spp. in. conifer forest -

- and 2.59% asparagine solutions on chlamydospores of. soils in California. Phytopathology 59:1396-1399.

~ sSmith (4) reported that isolates of Fusdrium oxy- Macroconidia of a clone of F. oxysporum isolated
j—;sgomm'Schle&:ht: emend..Snyd. & Hans. which are com- ~from moribund pine seedlings were exposed in vitro to
*monly present in the rhizosphere of.sugar pine (Pinys sugar pine needle extracts. Extracts obtained from the |
lambertiana Dougl.y seedlings in California forest nur- top layer of undecomposed needles ( litter);~the layer
series were absent on native seedlings. He also showed of partially decomposed needles (duff), and the bottom ;
_that the Fusarium population declined rapidly when layerof completely decomposed nieedles (humus) stimu-
nursery seedlings were transplanted to a native pine lated germination of 95-989, of the spores as fom-
“forest in the-Sierrd Nevada. The® present work was pared to 50% in distille,if water. The same results were
undertaken to determine the cause of this decline. obtained with macroconidia of a.second clone of F.
MEeTHODS AND REsuLTS.—Soil surveys for. Fusarium  oxysporum and a clonZrl of F. solani (Mart.) Appel &
spp. ‘were made in forests in Stanislaus, Placer. and Wr. emend. Snyd. & l’*ans. isolated from nursery soil.
Lassen Counties, using: Nash & Snyder’s isolation me- ‘The experiments were| repeated with chlamydospores -
dium (2). No Fusarium was isolated from soil obtained produced from macroconidia by the method of Alex-
from pine stands of these forests.or from pine stands ander-et’ al. (1) with the same results. Extracts of the
on the outskirts of Berkeley. However, surveys made litter of ponderosa pinef (P. ponderosa Laws.), white fir
in Stanislaus and Placer Counties in brush and gtassland  (Abies’ concolor [Gord/ & Glend.] Hoopes), and coast
areas contiguous to thie sampled pine forest soils yielded redwood (Sequoia semipervirens [Lamb.]\Endl.) gave |
 colonies of F. oxysporum and F. roseum Link emend. - germination percentages of 96-98 as compa\zd to 30%
Snyd. & Hans. Since Himate and. soil ‘were probably {n distilled water. . i \ o
not the controlling factors, we examined" the heavy The effect of ponderosa. litter extract w en de-
layer of needles under conifer trees. 2, . termined on chlamydosporés-in no ile soil. For this

An extract was obtained by.soakirfg 100 g of needles  and all following e!perfments, conidia of F. Sjg:‘p;n‘: A
ated fro

{air-dry wt) in. 1,000 ml of H,O for 10 days at 10CG. F. solani, F. oxysporum f. sp. vasinfectum i
The cléar extract was. centrifuged to remove debris, cotton in Tulare Co., and F. solani f. sp. ph i 150~
and frozen until used. Water -extracts were also"pre- ~ fated from beans in Monterey.Co. were added to pine
pared from the mineral soil, following the method of soils from two locations in the Sierra Nevada, and to a
Alexander. et al. (1) All experiments were done in the | Tulare Co. cotton-field soil and a Monterey Co. bean-field
laboratory .at room temperature (21-25 C), either by soil. The conidia were allowed to convert to chlamydo-
- placing the extracts’ and macroconidia (from potato- spores. The soils were then moistened with the extracts.
dextrose agar cultures) together in well-slides (in-vitro “The germination of the chlamydospores and their sub-
tests), or by adding the extracts to nonsterile soils in sequent behavior were observed under the microscope
.which chlamydospores had previously ‘formed ( in vivo by means of soil smears stained with cotton “blue“in

,*.~tests). One hundreq propagules were counted at random’ ~ water. ' .
" in each experiment. All experiments were replicated “Very high germination was obtained with the non-
three times. ; : R ' pathogenic clone of F. oxysporum in all soils (Table 1),
Fig. 1. Germinated chlamydospores of Fusarium, oxysporum,in-pine forest soil, Stanislaus Co., after ponderosa pine
litter, extract was added (except E; which germinated with the addition of a 2.5% asparagine -solution). Stained with
- cotton’ blue in water. A, B) Lysis of germ tubes soon after germination. C) Lysis of older germ tubes; in such cases
" all cells generally. lyse simultaneously. D) Abnormal morphology of germ tubes frequently noted before lysis; the germ
tube ‘is misshapen and comtrict‘eq(lowud its tip. 'E) Robust, branching germ tube after germination with the addition
of a 2.5%. solution of asparagine. New chlamydospores will ulumatelg be produced. Similar results were obtained with
a 19 glucose solution. (A, B, C, D. Approximately X720, E approximately X330.)

: - 1396






1398

TaBLE 1.
soils from four localities in California

PHYTOPATHOLOGY

[Vol. 59

Effect of ponderosa pine litter extract on chlamydoSpore germination of four fusaria in forest and agriculture

 Chlamydospere germination

Fusarium
3 . : ) oxysporum " F.solani

Soil - County F.oxysporum®  {.sp, vasinfectumb F. solani® f. sp. phaseolic
s : : %4 Go ’ Go Ge

Bean - . Monterey 87 55 19 0
_Cotton - Tulare .~ ~ 90 68 S 17

Pine soil A. Stanislaus 97 98 86 91

Pine soil B. Placer 95 - 93

93

& Isolated from forest nursery soil, P]acer Count}
bsIsolated from cotton fields, Tulare County.

 «——= Jsolated from bean fields, Monu:re) County.

« & Edch figure baséd on a random count of 100 chlamydospores.

and with all the Fusan'um spp. tested in the forest soils.
Although high gcrmination was obtained with the patho-
genic F. oxysporum in the agricultural soils, the germi-
‘ pation percentages of the two clones of F. salmu
dropped considerably in these soils.

The very high germination of F. oxysporum chla-
mydospores in “forest soils prompted experiments. in
which the efiect of ponderosa pine litter extract was

"\ compared to that of a 1% solution of glucose and a

2.59, solutioh of asparagine. These nutnents are known
‘to stimulate- F. oxysporum germination m soil. The
results again suggest that almost all of the chlainydo-

spores- germinated- under the mﬂuence of the litter ex--

- tract (Table 2). The percentage was clearly greater than

that obtained with the two nutrients, pamcularly when
- the agncultural soils are compared.
The high ‘germination rate (96%) of F. oryspomm

: chlamydospores in forest soils continued even when the

concentfation: 6f the litter extract was increased ten
times. A tenfold dilution of the extract {0.1% of the

. - original extract) resulted in a germination of 219%; a

hundredfold dilution gave 109 germmauon stulled

- _water controls gave 3% germination.

In forst so:ls the germ tubes of F. oxysporum lysed
before néw chlamydospores could be “formed. This
destruction could otcur wvery soon after germination
(Fig.- 1-A, B). In older germ tubes all cells can be lysed
simultaneously (Fig.- 1-C)\ The majority of the germ
.tuba appeared to beabno al before lysis, in that they
markedly decreased In diamyeter toward the tip (Fig.

*1-D). This behavior was -4n\contrast to that obtained
“when glucose or asparagine sdlutions were added to the
sml Here the growth was n rmal and vxgorous, and

.

“troduced into conifer sgils, and the almost univérsal-

. wére added to the same ‘soils. It remains
however, whether chlamyxﬁre germinatio

lysis did not occur until new chlam)dospores had
formed, at least.

DiscussioN.—In attempting to understand the reason
for the rapid decline of f oxysporum populations in-

/

absence of Fusarium in (such soils (3, 5), we have ob-
tained, by the use of pine needle leachates, the highest
percentage of Fusarium ydospore germination that
we have ever recorded. This activity involved almost
the whole population undér study. This germination was .
accompanied by the formation of abnormal germ tubes
which weére destroyed before new chlamydqspores were
formed. This condition did not exist when germination-
stimulating nutrients, s h as glucose, or a.sParagme
to”

nd - the
destruction of germ tubes be ation of new
chlamydospores occur in the forest to the same extent
as it was observed in the laboratory, and are the reaso
for the absence of fusaria in conifer soils. We ho $
our continuing studies on populations in the ﬁeld will
clarify this.

Thie concentration of the extract we used corresponds
to 20 square inches (129.cm?) of litter, through which
60 inches (152 cm) of rain have percolated. This amount

“ does  not seem to be excessive as far as conditions in

the Sierra Nevada are concerned, since the needle layer
is often 15 cm deep and is wet dunng winter under snow

“cover,

Ferest soils in general supported Jhigher .chlamyde-

" spore germination than did the agricuitural soils tested.

The biotic and abiotic factors which may be responsible
for this difference as well as the nature of the active
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P
Tuu: 2. Eﬂect of amendmcnts on gernnnalxon of Fumnmn oxysporum chlamydosporu in forest and agncultunl

smls from four loa.hus in California

T Y ) T

- ot Chlamydospore germination/amendment -

' ¢ e : e "+ Ponderosa litter . Distilled
Soil County . extract 1% glucose 2.5% asparagine water

: - %* . " % o : . %
Bean v Monterey - - 85 19, . " . : 7 3
Cotton Tulare . 94 21 . 28 2
Pine,oil 3 Stanislaus B s - 0K 63 72 5
-Pine soil B - Placer. \ 95 » 62 _ 80 - 2

peste Eu'h ﬁgum based on a random count of 100 chlam}dospora S . s
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principle(s) in litter extracts, are now included as part
of our investigation.
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