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for no injury and 4 for severe injury,
ABSTRACT where the cortex of all roots had rotted.
Miller, D. E., and Burke, D. W. 1985. Effects of low soil oxygen on Fusarium root rot of beans with Water use rates were measured throughout
respect to seedling age and soil temperature. Plant Disease 69: 328-330. the study, beginning about 5 days after

Growth room studies determined the response of bean plants (Phaseolus vulgaris) growing in transplanting (4).

Fusarium-infested soil to temporary low soil oxygen levels as affected by seedling age and Age of seedlings when poor aeration

temperature. Age of seedlings (7, 12, or 19 days after transplanting) when subjected to low soil occurred. The study was set up as four

oxygen had a minor effect on shoot or root growth and water use. Temporary low soil oxygen replicates of a split-plot design, using

increased injury by Fusarium solani f. sp. phaseoli regardless of seedling age. Temperature regime subsurface layer bulk densities as main

had a major effect on plant growth. When temperature was increased or decreased midway in the plots and age of seedlings when aeration
growth period, the initial temperature affected root and shoot yields more then the final one. treatment was imposed as subplots (total
Temporary low soil oxygen increased root rot in all temperature regimes, but the effect was usually of 36 cells).
greater at higher temperatures. Low soil oxygen treatments were

started 7, 12, or 19 days after transplanting

Temporary poor aeration aggravates bulk density of either 1.20 or 1.55 g/cm 3. the pregerminated seedlings. Room
• " temperatures ranged from about 22 to

root rot injury of beans (Phaseolus Subsoil (from below 30 cm deep in the 24 C.

vulgaris L.) growing in soil infested with same field) packed to a bulk density of

Fusarium solani (Mart.) Appel & Wr. f. 1.20 g/cm 3 was used below 18 cm. Water I
sp. phaseoli (Burk.) Snyd. & Hans. (5,6). potential was maintained at -150 mbar. .J

Increased root rot results in decreased Pregerminated seedlings with roots 2-3 0 125 DAYS AFTER TRANSPLANTING THAT
NITROGEN WAS APPLIED

shoot and root growth and reduced cm long were transplanted three to a cell < CONTINO

ability of roots to absorb water and to as described previously (4). Red Mexican " 100 A

penetrate a compact soil layer. UI-36, a cultivar susceptible to Fusarium 12 19

Letey et al (3) reported that low soil root rot, was used throughout. I 75

oxygen availability was more detrimental Low soil oxygen was obtained by , 12 1

to young than to older plants. Soil sealing the cells (5) and passing N2 gas 7o

temperatures lower than optimum for across the soil surfaces for 3 days; normal e 25
bean growth increases Fusarium root rot aeration was then resumed and continued :

(2). Beans planted in warm soil often until harvest (28 days after transplanting). 0- o
escape the yield-depressing effects of root The aeration status was monitored by I 0 5 10 15 20 25 30

rot that occur when they are planted in analyzing soil air samples for N2, 02, and DAYS AFTER TRANSPLANTING

cold soil (1). Therefore, the effects of low CO 2 with a gas chromatograph. Fig. 1. Rate of water use by bean plants in
soil oxygen on severity of bean root rot At harvest, fresh shoots and roots were Fusarium-infested soil as affected by 3 days of

may be directly related to plant age and weighed and roots were indexed for low soil oxygen beginning 7, 12, and 19 days
temperature when poor aeration occurs. Fusarium injury on an arbitrary scale of 0 after seedlings were transplanted.
We conducted growth room studies to
evaluate these factors.

Table 1. Fresh shoot and root weights' of beans as affected by soil layer bulk density and age of

MATERIALS AND METHODS seedlings when subjected to low soil oxygen

In each study, a set of 36 plant growth BulkR
cells was prepared (4) with soil from a density of Seedling age Shoot Roswihs(/el
Fusarium -infested field of Warden loam layerb when low 02 weights Above Within Below
where beans had been grown in (g/cm 3) was appliedc (g/cell) layer layer layer Total

monoculture for many years. Surface soil 1.20 Mean of all
at a bulk density of 1.20 g/cm3 was used treatments 16.7 4.3 0.9 3.9 9.2

for the upper 18 cm in each cell. A layer at 1.55 Mean of all
the 14- to 18-cm depth was packed to a treatments 15.6 NS 5.3 NS 0.6 NS 2.8*d 8.7 NS

Both densities
Cooperative investigations of the ARS, USDA, combined Controle 23.2 5.4 1.1 5.4 11 .9
Northwest Area and the Washington State University 7 Days 13.4** 4.3 0.5* 2.0** 6.8*
Agriculture Research Center, Prosser 99350. 12 Days 14.6"* 4.6 0.7* 3.0** 8.3*
Scientific paper 6848. 19 Days 13.3** 5.0 0.7* 3.0** 8.7*

Accepted for pubtication It October 1984. aFresh weights of plant shoots and roots 28 days after transplanting seedlings in soil infested by

Theublcaton ostoftisrtilewredfraed nprt Fusarium solani f. sp. phaseoli and maintained at -150 mbar water potential.
by page charge payment. This article must therefore be bBulk density of layer 14-18 cm deep in growth cells.
hereby marked "advertisement" in accordance with 18 cDays after transplanting when roots were exposed to nitrogen gas for 3 days, which largely
U.S.C. § 1734 solely to indicate this tact. displaced soil oxygen.

This article is in the public domain and not copy- dSignificant differences between layer bulk density means or among seedling ages compared with

rightable. It may be treely reprinted with cus- air treatments (* = P =0.05 and ** = P =0.01). Layer bulk densityX seedling age interaction not
tomary crediting of the source. The American significant (P'= 0.10).
Phytopathological Society, 1985. C Control cells were exposed only to room air.
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Temperature when poor aeration Table 2. Indices' of injury caused by Fusarium root rot as affected by soil layer bulk density and age

occurred. Thirty-six cells were prepared of seedling when subjected to low soil oxygen levels

as described before, except all cells had a Bulk
compact layer (1.55 g/cm3 ) at the 14- to density of Seedling age Roots

18-cm depth. They were divided into two layerb when low 02 Above Within Below

groups of 18 cells each, with a group (g/cm3
) was applied' Hypocotyl layer layer layer

placed in each of two growth rooms. 1.20 Mean of all
Temperature in both rooms was main- treatments 3.1 2.7 2.4 1.3

tained at 27 C for 5 days, until the 1.55 Mean of all

seedlings were well emerged. One growth treatments 3.6 *d 3.2* 3.4** 1.4 NS

room was then cooled (day 6) to 18 C
while the other was continued at 27 C. combined Controls 2.5 2.2 2.2 1.0
The next day (day 7), poor aeration was 7 Days 3.5** 3.2** 3.1"* 1.4

established and continued for 3 days 12 Days 3.8** 3.5** 3.4** 1.5
(through day 9), followed by normal 19 Days 3.5** 2.8 2.9* 1.5

aeration. On day 19, half of the cells in '0 = no injury, 4 = severe injury.
each room were switched with corre- 'Bulk density of layer 14-18 cm deep in growth cells.

sponding ones from the other room. This 'Days since transplanting when roots were exposed to nitrogen gas for 3 days, which largely

resulted in four temperature regimes displaced soil oxygen.

imposed after the 5-day period for Significant differences between layer bulk density means or among seedling ages compared with

air treatments (* = P = 0.05 and ** = P = 0.01). Layer bulk density X seedling age interaction not
seedling establishment: 1)continuous 18 significant (PF= 0.10).
C for days 6-28; 2) 18 C for days 6-18, 'Control cells were exposed only to room air.

then increased to 27 C for days 19-28; 3)
continuous 27 C for days 6-28; and 4) 27 Table 3. Effect of temperature regime and temporary low soil oxygen on weights of fresh bean

C for days 6-18, then decreased to 18 C shoots and rootsw
for days 19-28.

All cells were harvested 28 days after Root weights (g/cell)

planting. Shoot and root weights, disease Temperature (C) Shoot Above Within Below

injury to roots, and water use were 6-18 19-28 Aeration weights compact compact compact

determined as described before. This Days Days treatmentx (g/cell) layer layer layer Total

experiment was repeated to obtain a total 18 18 Air 23.6 9.0 1.3 4.3 14.7
of eight replicates of the four temperature N 2  18.6 8.4 0.8 1.3 10.5
regimes. Mean 21.1 abW 8.7 a 1.0 a 2.8 a 12.6 a

18 27 Air 22.4 9.4 1.4 4.0 14.8
N 2  

15.6 6.4 0.6 2.2 9.3

RESULTS AND DISCUSSION Mean 19.0 a 7.9 a 1.0 a 3.1 a 12.0 a

Layer bulk density and poor aeration. 27 27 Air 30.0 11.0 1.7 10.7 23.5

Layer bulk density did not significantly N2  16.7 10.5 1.1 5.7 17.4

affect shoot or root weights, except roots Mean 23.3 bc 10.8 b 1.4 b 8.2 b 20.4 b

in the bottom layer were decreased by the 27 18 Air 28.5 12.1 2.1 11.2 25.4

compact layer (Table 1). This effect was N2  19.2 9.6 0.9 2.2 12.8

somewhat more pronounced in seedlings Mean 23.8 c 10.8 b 1.5 b 6.7 b 19. 1 b

subjected to low oxygen 7 days after Temperatures

planting than in those subjected to low combined Mean air 26.1 10.4 1.6 7.6 19.6

oxygen 12 or 19 days after planting or to Mean N 2  17.5**' 8.7** 0.8** 2.9** 12.5*5

continuous air. Fusarium injury to the wFresh weights of plant shoots and roots 28 days after transplanting seedlings in soil infested with

hypocotyl and roots was greater with Fusarium solani f. sp. phaseoli and maintained at - 150 mbar water potential.

nwithout the compact soil layer Seedlings were exposed to nitrogen gas from the seventh through ninth day after transplanting,

than without th e were small. which largely displaced soil oxygen, or to normal aeration.
(Table 2) although differences were small. Y Aeration treatment means followed by the same letter were not significantly influenced by

All roots in the surface soil were temperature regime (P =0.05).
moderately to severely rotted, whereas Z** N2 mean significantly less than air mean at P = 0.01. Temperature X aeration interaction
those in the subsoil were relatively significant for shoots at P = 0.10, for bottom roots at P = 0.05, and for total roots at P = 0.10.
healthy. These data agree with previous Others not significant at P =0. 10.

work showing that Fusarium infection
combined with low soil oxygen reduces Table 4. Indices" of injury caused by Fusarium root rot as affected by temperature and temporary

the ability of the roots to penetrate low soil oxygen

compact soil (5) and that Fusarium Roots
infection reduces the ability of susceptible Above Within Below

cultivars to increase root growth above a Temperature (C) Aeration compact compact compact

compact layer (4). 6-18 Days 19-28 Days treatmentx layer layer layer

Aeosedigwhnpoaeain18 18 Mean of both 3.25 a' 3.75 a 0.50 a
occurred. The age of seedlings when 18 27 Mean of both 3.12 a 3.38 a 0.38 a

subjected to low soil oxygen had a minor 27 27 Mean of both 2.87 a 3.50 a 0.25 a

effect on subsequent shoot or root 27 18 Mean of both 3.12 a 3.38 a 0.25 a
growth, although the data show a trend Temperatures
for fewer roots on seedlings treated when combined Mean air 2.56 3.12 0.00
7 days old than on those treated when 12 Mean N2  3.62**' 3.8 1* 0.69**

or 19 days old (Table 1). Plant weights for "0 =No injury, 4 =severe injury.
all three ages (7, 12, 19 days) were 'Seedlings were exposed tonitrogen gas from the seventh through the ninth day after transplanting,

decrase comare wit thse rceiing which largely displaced soil oxygen, or to normal aeration.
decrase copard wth toserecivig ;Aeration treatment means followed by the same letter were not significantly influenced by

continuous air. temperature regime (P = 0.05).
Water use rates were greatly reduced 'N 2 mean significantly greater than air mean (*5 P- 0.05 and ** - P- 0.0 I). Temperature

by the low-oxygen treatment regardless X aeration interactions not significant (P =0.10).
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_J 27 C. Low oxygen reduced root and shoot
_J
w.200 NITROGEN GAS FROM 7TH weights at all temperatures, but the

CONTINUOUS THROUGH 9TH DAY relative effect was usually greater with the
AIR higher initial temperature.

The degree of Fusarium root rot injury
>150 27--27 C was not affected by temperature (Table

TEMPERATURE 4). Injury was much more severe at all
CHANGED temperatures with than without the

18-27 C period of temporary low soil oxygen.
100 27-27 C Water use rates were markedly affected

W by both temporary low soil oxygen and
< 27-18 C temperature treatments (Fig. 2). The low-IZ••C oxygen effect persisted until harvest,

W 18-18 C reflecting both decreased root growth0081070 310 oye wa fao t t ersa ed fotal t at"(Table 3) and increased root injury (TableTMEAU C 4). The largest decrease in water use rates
TC PHANGED 181 attributed to low oxygen was at the1hi

----- NITROGEN GAS temperature, but the percentage decrease0 ____i ___, __________ iI I I

< 0 2 3 0 2 3 was about the same for all temperatr
0 10 20 30 combinations.

DAYS SINCE TRANSPLANTING Plant water use responded rapidly to
Fig. 2. Rate of water use by bean plants in Fusarium-infested soil as affected by low soil oxygen the changes in temperature (imposed 19
from the seventh through the ninth day after seedlings were transplanted and by temperature days after transplanting), reflecting the
regime. difference in atmospheric water demand

at the different temperatures (Fig. 2).
This is illustrated by the water use rates at
harvest, which were greater with the

-"J 18/27 C than with the 27/18 CII 4 0 0 0  NITROGEN GAS FROM 7TH t c
OJ CONTINUOUS temperature combination; the shoot and

5 AIR THROUGH 9TH DAY root weights were the opposite (Table 3);
2 2 Cie, greater with the initially high

27-27 C temperature.
1300 Total water use within an aeration

tUd treatment was dominated by the initial

temperature (Fig. 3). The lowest total
:2000 27-18 C water use was at a continuous temperature

2000 27-27 C of 18 C with temporary low soil oxygen,
H~l TEMPERATURE whereas the highest was at 27 C with

18-27 C CHANGED adequate aeration. Although daily w

L 1 0 0 0 - C use responded rapidly to temperature
>18-27 C change, the plant growth response to the

NITROGEN GAS initial 6- to 18-day temperature was
118-1 8 C sufficient to minimize the effect of the

DTEMPERATURE 18-1 c final 9-day temperature.SCHANGEDI:; 0 ti ,I,_ I I

o 0 10 20 30 0 10 20 30
TIME SINCE TRANSPLANTING - DAYS LITERATURE CITED
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