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S8554 Plant Disease Severity in High-Input 
Compared to Reduced-Input 

and Organic Farming Systems 

There are several major concerns about 
current practices in high-input conven
tional agriculture. The most important 
concern in many agricultural areas is loss 
of topsoil (38). On average, about 20 met
ric tons of topsoil are lost per hectare per 
year in the United States (15,38). This can 
amount to more than half of the topsoil 
layer in 100 years of continuous corn pro
duction (15). Soil erosion also results in 
reductions in organic matter, water pene
tration and availability, and rooting depth 
(38,39). Another important concern for 
some areas in the United States and many 
areas in Europe ts the effect of nitrate and 
pesticides on the environment, specifically 
in ground and surface water. In addition, 
pesticide efficacy has often been di
minished, for example as a result of 
insensitivity of the targeted organisms to 
organic pesticides or enhanced biodegra-
dation of these pesticides. Finally, the 
general public is very concerned about 
human health and safety and pesticide 
residues on food, whether this is justified 
or not. All these concerns have raised 
questions about the sustainability of con
ventional agriculture (8,32,36). 

Although the development of alternative 
agricultural systems is generally consid
ered important, it is not clear which prac
tices will improve sustainability and 
maintain adequate productivity. Many 
alternative agricultural systems exist, but 
only organic farming (also called biologi
cal farming or ecofarming) has become a 
well-defined and certified alternative to 
conventional farming in North America 
and Europe. Organic farming is character
ized by the absence of synthetic fertilizers 
and pesticides and the use of organic 
amendments such as animal manures, 
green manures, and composts to maintain 
soil fertility (32). Usually crop rotations 
are longer and spatial diversity is greater 
under organic management than under 
conventional management. In addition, 
reduced tillage or no-till is practiced on 
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some organic farms. Finally, when disease-
resistant varieties are available, they are 
preferred by organic growers. A variant of 
organic farming is biodynamic farming, 
which is more prevalent in Europe than in 
the United States. Biodynamic farmers 
adhere to the philosophy of Rudolph Stei-
ner. In addition to the common organic 
farming practices, biodynamic farming 
practices include the use of dilute prepara
tions (analogous to homeopathic prepara
tions) derived from manure or specific 
wild plants applied to crop foliage or soil. 
Planting schedules take lunar cycles and 
constellations into consideration (43). 

In Europe, integrated farming systems 
have been developed as a less stringent 
alternative to organic farming (52). In 
these farming systems, crop rotations are 
longer than in conventional farms, use of 
pesticides and fertilizers is minimized, 
disease-resistant varieties and disease fore
casting systems are used when available, 
and use of organic amendments and bio-
control agents is recommended. Reduced 
tillage or no-till is also practiced on inte
grated farms in some areas (10,11,38). In 
the United States, reduced-input farming 
systems are similar to the integrated farm
ing systems in Europe. In this paper, the 
terms integrated and reduced-input are 
considered synonyms and will be used 
interchangeably. Alternative farming sys
tems will be used as a collective term for 
reduced-input or integrated farming sys
tems as well as for organic and biody
namic farming systems. 

Although it is by no means certain in 
which direction conventional fanning 
systems will change, it is likely that pro
found changes will occur in cropping pat
terns, the use of organic amendments, 
tillage practices, and the use of synthetic 
fertilizers and pesticides. Potential effects 
of these practices on disease development 
can in part be gleaned from research on the 
effects of individual practices in conven
tional farms or experiment stations. How
ever, these effects will need to be verified 
in comparative studies of different agricul
tural systems on experiment stations or on 
conventional and alternative farms. Since 
there are few reports on plant diseases in 
conventional vs. alternative farming sys

tems, I will first give an overview of po
tential differences in disease development 
based on research into effects of individual 
cultural practices on plant disease before 
discussing the differences that were actu
ally observed in comparative farming sys
tems studies. 

Cultural Practices 
and Plant Disease 

In recent decades, crop rotations have 
become shorter, and field and farm sizes 
have increased to such an extent that large-
scale monocropping is becoming the rule 
rather than the exception. Moreover, uni
form hybrid cultivars of some crops are 
now grown at a regional scale. Intensive 
cropping systems, in particular mono-
cropping, favor epidemic development of 
many plant diseases caused by fungi, bac
teria, nematodes, and viruses (1,16,34,48,51). 
Moreover, plant growth can be retarded by 
deleterious rhizosphere bacteria, which be
come more prominent with increased fre
quency of certain crops (for example, 
potato and cereal crops) in the same field 
(34,44). On the other hand, long-term 
monocropping has led to a decline in 
several soilbome diseases, for example 
those caused by Gaeumonnomyces gra
mma var. tritici, Rhizoctonia so lam, and 
even by the nematode Hetervdera avenae 
(reviewed in 3). When disease decline de
velops after monocropping, suppression is 
usually due to a specific interaction be
tween a plant pathogen and its antagonist 
rather than to competition for nutrients (3). 

In alternative farming systems, crop di
versity is generally greater in both time 
and space than in the current conventional 
systems. Intra- or interspecific crop mix
tures and the use of barrier or cover crops 
can curb epidemic spread of some plant 
diseases (51). Similarly, long crop rota
tions can keep many soilbome diseases 
under control, including fungus- and 
nematode-transmitted virus diseases (51). 
On the other hand, organic farming sys
tems often have smaller fields surrounded 
by riparian habitat, which may harbor 
viruses and their vectors. Smaller fields 
can be more easily invaded by nonpersis-
tent viruses than large fields, while the 
reverse is true for persistent viruses (51). 



To reduce soil e ros ion , m i n i m u m - or no-
till soil cul t ivat ion is r e c o m m e n d e d instead 
of p l o w i n g or d i sk ing . T h e s e c h a n g e s in 
t i l lage may lead to increased d isease se
verity by pathogens that surv ive bet ter 
when infested c rop debris r ema ins on or 
near the soil surface. For example, tan spot 
and Septoria blotch on wheat c aused by 
Pyrenophora tritici-repentis and Phaeo-
sphaeria nodorum, respectively, can be 
more severe in reduced-till o r no-till wheat 
production, depending o n the previous 
c rop in the ro ta t ion (50,56). Moreover, 
s o i l b o m e root diseases can be exacerba ted 
if a cash crop is planted too soon after 
strip-application of herbicides in a g r een 
manure crop o r s tnp - t i l l age of stubble 
from the previous crop (4). However, this 
potential problem can be alleviated by 
us ing proper crop rotations and allowing 
sufficient time for decomposition of or
ganic debris before planting (4). 

In many areas of the world (except for 
areas with intensive animal husbandry), 
organic amendments have not been used 
extensively since the advent of synthetic 
fertilizers. Use of winter cover crops to 
prevent leaching of nitrate into the 
groundwater would imply an increase in 
organic amendments. Similarly, compost
ing and redistribution of manure (rather 
than disposing of excessive manure on 
limited areas of land) will promote more 
equitable utilization of this organic re
source. Finally, to reduce the pressure on 
landfills, organic urban waste is increas
ingly recycled, partially in the form of 
compost. All these factors contribute to an 
expected increase in the on-farm use of 
organic amendments in the near future. 

The effect of amendments on disease 
severity depends on the type of material 
used , its C .N ratio, and the time elapsed 
since incorporation (3,21). Many plant 
pathogens are facultative saprophytes and 
can compete quite well with the soil mi
croflora for colonization of fresh organic 
matter. If a cash crop is planted too soon 
after incorporation of a cover crop, the 
cash crop may succumb to seedling 
damping-off caused by Pythium or Rhizoc-
tonia (3). On the other hand, regular addi
tions of organic amendments may lead to 
induced disease suppression (20,21). Sup
pressive soils generally have a more active 
soil microflora than do conducive soils, 
but the exact mechanisms of disease sup
pression are not fully understood (20). 
Increased organic substrate will enhance 
the activity of primary decomposers, 
mainly bacteria and fungi, and the associ
ated food web, in particular bacteria-feed
ing protozoa and nematodes and fungi vo-
rous collembola, mites, and nematodes 
(9,13). Primary decomposers can act as 
antagonists of plant pathogens by compe
tition for nutrients, antibiosis, and parasit
ism, while the micro- and meso fauna can 
contribute to control of plant pathogens by 
predation. For example, Rhizoctonia so

lan t can be partially controlled by preda
tory activity of mycophagous nematodes 
or collembola ( 2 , 2 8 ) . Furthermore, earth
worm populations can be enhanced by 
organic amendments. A reduction in Rhi
zoctonia bare patch disease on wheat was 
associated with the presence of earth
worms (49). The mechanisms underlying 
this suppression of Rhizoctonia bare patch 
are not known. Both increased microbial 
activity and improvement in soil structure 
after repeated application of organic 
amendments may have contributed to the 
reduction in this disease. Similarly, in
creased microbial activity and improved 
soil structure may have contributed to a 
reduction in Phytophthora root rots fol
lowing application of organic amendments 
(30). 

Excessive use of nitrogen fertilizers has 
frequently led to unacceptably high nitrate 
concentrations in ground- and drinking 
water. In many areas, growers are strongly 
encouraged to reduce fertilizer applica
tions to curb nitrate contamination. It has 
long been known that nitrogen can have a 
profound effect on disease severity. Sev
eral biotrophic fungal pathogens, such as 
those causing rust and powdery mildew 
diseases, are enhanced by high levels of 
nitrogen, in particular in the form of ni
trate (22). Similarly, many bacterial dis
eases are promoted by high nitrogen levels 
(22). Plants high in nitrogen also support 
large aphid or leafhopper populations and 
are often more susceptible to virus infec
tion (51). Besides a direct effect on disease 
development, ammonium-containing fertil
izers can have an indirect effect by lower
ing the pH in the rhizosphere and bulk 
soil. In turn, the lower pH can increase 
susceptibility to certain diseases, for ex
ample Fusanum wilt (25). 

Until recently, pesticide use increased 
almost exponentially, with the largest in
crease occurring in herbicide use (23,36). 
This trend may continue for herbicide use, 
in view of the expansion of no-tillage 
practices. On the other hand, there is al
ready a downward trend in the use of other 
pesticides. Several European countries 
have enacted legislation to reduce the use 
of pesticides, in many cases down to 50% 
of the pesticide use in the 1980s (23). In 
the United States, the use of soil fumi-
gants. in particular methyl bromide, is 
expected to be curbed or even banned. The 
use of soil-applied insecticides and nema-
ticides is also expected to be reduced. 
These expected changes in pesticide use 
will have a profound effect on plant dis
ease development. A reduction in soil 
fumigants does not necessarily need to 
result in an increase in root diseases if 
basic cropping practices (such as the use 
of resistant varieties, crop rotation, and the 
addition of organic amendments) are also 
changed (see below). Besides effects on 
target organisms, pesticides often also 
have unintended side effects on other or

gan i sms , resul t ing in ei ther enhanced or 
reduced plant d i sease . Herb ic ides . for ex
ample , can have both posit ive and negative 
effects on plant pathogen-host interact ions 
(29). However, the best documented effect 
is a predisposition of plants to root pa tho
gens by sublethal doses of various herbi
cides (29). Since herbicides are not used in 
organically grown crops, this cou ld be one 
of the reasons for a reduction in root dis
eases in organic compared to conventional 
farms. 

Although effects of individual agr icul
tural practices on d i sease development, as 
studied in conventionally m a n a g e d ex
periment stations or farms, can give an 
indication of potential changes in ep idemic 
development in alternative farming sys
tems, the combined effects of all of these 
practices would need to be studied in 
large-scale farming system experiments or 
on commercial farms. 

Comparative Studies 
of Farming Systems 

Farming systems are compared by two 
fundamentally different approaches: field 
experiments simulating different farming 
practices and surveys of commercial farms 
(46). In the first approach, plot s izes can 
be as large as whole fields with little or no 
replication (5,6,31) or smaller wi th the 
appropriate number of replications 
(17,27,45). The disadvantage of small-
scale experiments is that realistic assess
ment of community level interactions >u^h 
as insect pests and their parasitoid* r 
epidemic development of foliar d i sease- » 
difficult (46). Time- and space-deper.uerM 
factors such as long-term crop ht>u-n 
habitat and soil management r e g t m o 
cumulative effects of pesticide jrr"* j 

tions, and border effects of s u r r o u n u . - * 
vegetation cannot be duplicated in e » ( - \ ' " 
ment station plots (46). E x p e n m c r 
comparative studies are usually short 
(generally less than 10 years) so hot -
logical community structure is 
transition phase when observations .. . 
being made. In particular, the soil 
bial community is still changing du r .n* -< 
first 4 to 5 years after major chango 
farming practices (45). 

On-farm comparative studies haw 
advantage of encompassing many di::„-
cultural practices, all considered 
parts of conventional or alternative . -
ing in a realistic setting. Another J W • 
tage of on-farm comparisons is irui J 
naraic equilibrium with respect \* 
biological properties has been esur. . - > ~ 
on farms that have followed con*, 
management practices for at least < •. « 
(45). On the other hand, due to the 
number of variables that differ sirr.'. . 
ously between the different farming 
terns, cause and effect relationships . 
be determined in on-farm studies. 

As a result of the general interest r. j . ; 
veloping alternative, more sustainable • .n 



the ecological sense- a^r .cukural '> stems, 
many exper imenta l a r . j on-farm compara 
tive s tudies were c o n d u c t e d :n the last t-vo 
decades . In addi t ion to these recent stud
ies, there is a lso a renewed interest in the 
long- te rm agr icul tura l research plots that 
were es tab l i shed in the nineteenth century 
m E u r o p e and the Uni ted States. Part icu
larly no tewor thy are the Ro thams ted Clas
sical Expe r imen t s tn Eng land < notably the 
Broadbaik whea t expe r imen t ) , the Mor row 
plots in I l l inois , the Sanborn field in Mis
souri , the M a g r u d e r plots in O k l a h o m a , 
and the Old Rota t ion plots in Alabama . 
T h e t rea tments in these expe r imen t s con
sist of v a n o u s c o m b i n a t i o n s of fertiliza
tion, m a n u r e , and rota t ions appl ied in 

large, nonrepi icated fields Zi.} I ) . These 
t reatments are directly relevant to various 
ques t ions concern ing jus tamabt l i ty of 
agricultural product ion, Thus , both the 
long-term field plots and the more recently 
es tabl ished farming systems exper imen t s 
provide un ique oppor tuni t ies to c o m p a r e 
trends in soil characteris t ics , plant p roduc
tivity, pests, and diseases in relation to the 
biological communi t i e s establ ished as a 
result of the different t reatments . 

Al though numerous differences be tween 
convent ional and alternative farming sys
tems have been publ ished, '-ery little re
search has been done on plant d iseases in 
those sys tems ' 5 ,11 .18 ,37 ) . With few ex
cept ions , plant pathologis ts have been 

conspicuous ly ab<er.r : : - m 
compara t ive studies 3 1 . 3 - > In r.e R 
arr.sted long- term exper iments . r 
plots with monocu l tu res , "or :\..x?,: 
those in potato, had to be abandoned , pre
sumably due to diseases <Zi<. Some of the 
observat ions on diseases of wheat :n t r e 
Broadbaik long- term exper iment with 
di t terent fertilization and rotation ' reat-
ments were summar ized in 1969 !*v 
Recently. Olsson compared root diseases 
on barley, in part icular those c a u s e j *\ 
Pythtum tirrhenomanes and dele ter ious 

rh izosphere bacteria, in three long- term 
c ropp ing frequency exper imen t s i 341. 

A m o n g compara t ive studies initiated in 
the last two decades , plant diseases were 

Table 1. Relative disease severity* in organic, integrated, and conventional farms 

Experiment Crop Disease Pathogen Org. Int. Conv. Ref. 

DFS 6 Wheat Stnpe rust Puccinia uniforms 1 i * 5) 
Wheat Leaf rust Puccinia reconduct 1-2 1-2 I 
Wheat Powdery mildew Erysiphe graminis 0-1 2 2 
Wheat Leaf blotch Mycosphaerella gramimcola -> 2-3 2-3 
Wheat Glume blotch Leptosphaena nodorum I 1 1 
Wheat Snow mold Gerlachia nivalis 1 -> -i 

Wheat Sharp eyes pot Rhizoctonia cerealis 1 2 2 
Wheat Eyespot Pseudocercosporella herpotnehoides 1 1-2 1-2 
Wheat Brown foot rot Fusarium spp. •> 2-3 2-3 

Lautenbach6 Wheat Powdery mildew Erysiphe grarrunis d 2-1 1 1-2 H I ) 
Wheat Leaf rust Puccinia recondita 1-2 1-2 
Wheat Glume blotch Leptosphaena nodorum 1-2 1 (10) 
Wheat Eyespot and foot rot Pseudocercosporella herpotnehoides 1-2 2 i l l ) 
Wheat Brown foot rot Fusanum spp. 1-2 1-3 (10) 
Sugar beet Damping-off Unspecified 2 3 i l l ) 

Rheinland' Wheat 
Wheat 

Powdery mildew 
Leaf spot, glume blotch 

Erysiphe graminis 
Leptosphaena nodorum 

1-2 
1 

t 3 
2-3 

Wheat Foot rots Fusanum spp. 
Rhizoctonia cerealis 
Pseudocercosporella herpotnehoides 

2-3 
2-3 
2-3 

3 
3 
3 

Rye Leaf blotch Rhynchosponum secalis 2-3 2 
Rye Leaf rust Puccinia dispersa 2-3 1 
Rye Foot rots Fusanum spp. 1-2 2 Rye 

Rhizoctonia cerealis 
Pseudocercosporella herpotnehoides 

1-2 
1-2 

-i 

2 
Potato Late blight Phytophthora infestans 3 1 

Suitia" Wheat 
Wheat 

Powdery mildew 
Leaf spot and 

Erysiphe graminis 1 3 ( 18) 

Wheat Glume blotch Leptosphaena nodorum 2 2 
Wheat Stripe rust Puccinia stniformis 2 2-3 
Wheat Leaf rust Puccinia recondita 1 1 
Wheat Foot rots Fusarium spp. 2 2-3 
Wheat Take-all Caeumannomyces graminis 3 1 
Barley Net blotch Pyrenophora teres 1 1 
Barley Scald Rhynchosponum secalis I I 
Barley Leaf rust Puccinia recondita 1 1 
Barley Damping-off Bipolaris sorokimana 2 I 
Barley Foot/root rots Fusarium spp. 1-2 2-3 
Barley Root rot Caeumannomyces graminis 1-2 1-3 

• 0 = none. 1 = low, 2 = moderate. 3 = severe, summarized from several yean of observations. 
b Development of Farming Systems at Nagele, the Netherlands; not replicated, 2 or 3 yean of observauons. fungicides applied in both conventional 

and integrated fanning systems. 
c Plant Protection Service, Baden-Wuerttemberg, Germany; not replicated, 4 or 5 yean of observauons; fungicides rarely applied in the integrated 

farming system. 
1 Organic treatment not included. 
e In the first 4 yean, higher in integrated than in conventional fields, subsequently lower in integrated fields. 
f Convenion study from a conventional to a biodynamic farm, compared with a convenuonal farm near Moers. Germany; not replicated. 5 years r 

observations: no fungicides applied in biodynamic farm. 
1 Integrated treatment not included. 
h Field experiment with four cropping systems at Suitia. Finland; three replications. 2 or 3 yean of observauons; no foliar fungicides applied .-. 

either system; seed treatments in conventional system; organic fields were drained less welt than conventional fields (17). 



• - R - u r of 

:em> project •'-.'.."! rg,.:;:^. .meg.-ated. 
and convent iona l t - rm at Nagele . the 
Ne the r l ands : the Lau tenbuch and R h e m -
land convers ion studies i n t e g r a t e d and 
Hod> namie farming, respect ively, c o m 
pared 10 . •nvcntiunul t a rming) in Ger
many , and ;.io S'-f.ia exper iment with four 
• rganic and convent ional c ropp ing sys
tems :n F in land .Table 11. Ano the r ex
per imenta l s tuds ;.;e Sus ta inab le Agr icul 
ture Fa rming S>s tems or S A F S project) 
was init iated in IV&9 at Davis , Cal i forn ia 
Fig. I) . This e x p e r i m e n t entai ls compar i 

sons of o rgan ic , r educed- inpu t , and con
vent ional farming pract ices in 4-year rota
tions of tomatcHsuft lower-eorn-wheat /bean. 
T h e organ ic and reduced- inpu t rotat ions 
also inc lude annua l winter cover c rops of 
oa t /ve tch . An addi t iona l convent iona l 
t rea tment is a 2-year rotat ion of whea t and 
tomato 1 4 f i . Recent ly . so i lbornc plant 
pa thogens were c o m p a r e d in the different 
t rea tments . 

Two compara t ive s tudies were con
duc ted on exis t ing farms. T h e first was a 
we l l -known study on Pliytophtliora cin-
nanwini on avocado in Austra l ia ( a l though 
it is not genera l ly r ecogn ized that the sup
pressive soils in this s tudy were located on 
o rgan ic farms) (30) . T h e second locat ion is 
in the Cent ra l Valley of Cal i forn ia , where 
we c o m p a r e d t o m a t o root d i seases in a 2-
year survey of o rgan ic and conven t iona l 
t oma to fields (55) . 

Foliar and Stem Diseases 
In most of the loca t ions where foliar 

d iseases were obse rved , str ipe rust, p o w 
dery mildew, and snow mold (when ob
served) of wheat were less severe in or
ganic or in tegrated fields than in 
conven t iona l fields (Table 1). desp i te fun
gicide app l ica t ions in the conven t iona l 
fields (5 ,11 .18 .37 ) . Increased disease se
ven ty in conven t iona l fields was often 
associa ted with h igher n i t rogen fertiliza
tion and use of hau lm shor tene r s . resu l t ing 
in a dense r c . py. O the r foliar diseases, 
such as leaf rust of whea t , bar ley, or rye , 
leaf b lotch and g l u m e blo tch of wheat and 
rye. a n d net b lo tch a n d scald of barley, 
were often s imi lar in the different farming 
sys tems i5 .10 .1S .37 ) . T h i s group of d i s 
eases was s o m e t i m e s s l ight ly m o r e severe 
in o rgan ic or in tegra ted fields, wh ich may 
be related to i n o c u l u m survival in crop 
res idues if these are not t u rned under in 
organic or in tegrated sys t ems 110). T h e 
only foliar d i sease that was s ignif icant ly 
more severe in o rgan ic fields was late 
blight of po ta to . T h i s d i f ference was at
t r ibuted to the absence of effective fungi
cide sprays in a b i o d y n a m i c farm (37). 

In the long- t e rm fertilizer and c rop ro
tation e x p e r i m e n t at B r o a d b a l k . powdery 
mildew was e n h a n c e d by h igh-n i t rogen 
fertilizer app l ica t ions 116) . Differences 

be tween farmyard manure and synthetic 
fertilizers were not reported. 

Soil Environments 
Since the deve lopment ot root d iseases 

is profoundly affected ny the physical , 
chemica l , and biological soil env i ronment . 
I will first discuss di i ferences reported in 
soil env i ronment be tween convent ional 
and alternative farming >ystems before 
p roceed ing with a d iscuss ion ot root dis
eases in those sy stems. 

Both exper imenta l and on-farm com
par isons indicate that different m a n a g e 
ment pract ices *an result ;n qual i ta t ively 
different soil env i ronments . 6 . 3 8 . 4 0 ) . Or
ganic and reduced- inpu t farming sys tems 
were found to have a thicker topsoii layer, 
lower soil bulk density, and greater water-
ho ld ing and ca t ion -exchange capaci ty than 
convent ional sys tems . Soil ni trate conten t 
tends to be lower 16 .8) and ni t rogen min

eral'./ation rate - . : .~er * ~. -_\.r . 
reduced- input s y s t e m s "...r, r. . .ra
tional >>>tems. C l c u L t y r . , ; • 
flows ;n organic or « .on\enu^r .a . %• 
systems showed increased m;cr~ui . . : r .e 
and reduced nutrient iosses ;n ••rgar.ic 
sys tems >8i. The organic matter content 
and associa ted microbial b iomass a n d 
activity are general ly h igher in organic 
product ion sys tems (6 .14 .3S) . partly due 
to return of organic mat ter to the sy .stern in 
the form of cover c rops and manure , partly 
as a result of erosion control . 

T h e rh izosphere microf lora of organic 
or integrated farms was compared to that 
of convent ional farms in only a tew s t u d 
ies. Popula t ions of spores of vesicular-
arbuscular mycor rh i zae VAMi and SAM 
coloniza t ion of roots of wheat , maize, 
soybean , and rye were consistently lower 
on convent iona l farms than on organic or 
integrated farms in s tudies in Austral ia , the 

Fig. 1. Aerial p h o t o g r a p h of the S u s t a i n a b l e Agriculture Farming S y s t e m s (SAFS) field 
p l o t s at the University of California at Davis in the s u m m e r of 1989. There are (our 
b l o c k s with 14 p l o t s of 0 .12 ha e a c h . The t rea tments are organ ic , low-input, and con
vent ional (high-input) with 4-year rotat ions ( tomato , safflower, corn , and wheat or 
b e a n s ) , and convent iona l with 2-year rotat ions ( tomato and wheat ) . All entr ies into tre 
rotat ions are r e p r e s e n t e d e a c h year. In addit ion to c a s h c r o p s in the rotation, winter 
cover c r o p s (a v e t c h / o a t s mix) are grown annual ly in the o r g a n i c and low-input p lots 
Dark green i s corn , l ighter green is t o m a t o , whi te i s wheat , and ye l low i s safflower. 



L'rmed States, and Europe (7 .41 .42) . The 
differences were associated with differ
ences in soluble phosphorous levels in soil 
as a result of the extensive use of fertilizers 
containing soluble phosphorous in con
ventional farms (41 ,42) . Differences in 
vegetative diversity due to narrower crop 
rotations and use of herbicides in conven
tional farms could a lso have contributed to 
differences in VAM colonization (7 ,42) . 

Sivapalan et al. (47) monitored changes 
in soil populations of fungi, bacteria, and 
actinomycetes during conversion to or
ganic fanning in relation to populations of 
these organisms in a conventionally 
farmed area in Australia. Populations of 
total fungi and bacteria were significantly 
higher in the organically farmed areas. 
Fluorescent pseudomonads and actinomy
cetes were more numerous in the organi
cally farmed areas at three of the five 
sampling dates. Species diversity of fungi 
was also higher in the organic than in the 
conventional soil. Similarly, the diversity 
of fungal genera isolated from roots of five 
continuously monocropped crops was 
lower than that of the same crops grown in 
rotation in a Japanese study (33). Fungal 
diversity was increased when farmyard 
manure or crop residues were added to 
monocropped or rotation fields. 

We compared the abundance and di
versity of actinomycetes, bacteria, and 
fungi isolated from rhizospheres of tomato 
plants grown in soil samples from three 
organic and three conventional farms with 
similar soil types in the Central Valley of 
California (54). Total numbers of actino

mycetes. numbers of fluorescent pseudo-
monads, and proportions of cellulolytic 
and hemicellulolytic actinomycetes and of 
chitinolytic fungi were higher in organi
cally than conventionally managed rhi-
zosphere soils (Table 2). Communities of 
functional groups of actinomycetes and 
bacteria (in terms of ability to hydrolyze 
several substrates) were more similar 
among samples with the same soil man
agement than between different soil man
agement types, indicating functional ho
mogeneity within a farming system. The 
differences observed between communities 
from organic and conventional soils were 
mainly in the percentages of cellulolytic 
and hemicellulolytic actinomycetes, pos
sibly due to recent additions of cellulosic 
and hemicellulosic materials in the form of 
green manure or compost on organic 
farms, which would encourage rapid mul
tiplication of actinomycetes (26). Besides 
total populations and composition of 
actinomycete and bacterial communities, 
the diversity of actinomycetes was also 
higher in soils from organic than from 
conventional farms (54). 

Increased diversity of soil fauna in or
ganic or reduced-input farming systems 
has also been demonstrated in some stud
ies (9-11), and greater abundance and 
biomass of the soil fauna in many other 
studies (9,12,13). In particular, the num
bers and biomass of earthworms, protozoa, 
collembola, predatory nematodes and 
mites, and carabid beetles were increased 
in several organic or integrated farming 
systems relative to conventional systems. 

The differences between individual groups 
varied, depending on the systems under 
study. The most important factors affecting 
the soil fauna seemed to be the quantity 
and quality of organic matter input (9,13). 
because only slight differences were found 
when animal manure was applied in both 
organic and conventional systems (13). 
Another factor that greatly affected the soil 
fauna was soil tillage, with a richer soil 
fauna in no-till or reduced-tillage, low-
input fields than in plowed, high-input 
fields (9,12). Finally, greater differences 
were found in more and regions than in 
humid regions due to improved soil struc
ture and water-holding capacity in organic 
farms than in conventional farms, in par
ticular in arid regions (13). 

All these changes in soil physical and 
biological properties in organic or inte
grated relative to conventional farms will 
affect incidence and severity of root dis
eases and injuries caused by fungi, bacte
ria, or nematodes. 

Foot and Root Diseases 
Over a period of more than 100 years in 

the Broadbaik experiment, eyespot (Pseudo
cercosporella herpotnehoides) and take-all 
{Gaeumannomyces graminis var. truicu 
were more severe after monocrops of 
wheat than after fallow or other rotation 
crops. Take-all severity declined after the 
fourth year of wheat but was still more 
severe than after fallow (16). Eyespoi. 
brown foot rot {Fusarium spp.), and sharp 
eyespot (Rhizoctonia cerealis) were more 
severe in the well-fertilized plots i*ith 
farmyard manure or synthetic fertilizer! in 
contrast to the expectations, little differ
ence was observed between plots that rc 
ceived farmyard manure and those ifui 
received synthetic fertilizers (16). In other 
long-term crop rotation experiments n 
Sweden, barley root rot caused by P\thi*m 
arrhenomanes and "retarded root gro»in 
caused by deleterious rhizobactena *c*e 
significantly more severe in fields tn.it 
were monocropped for at least 20 \ C M \ 
than in rotation fields (34). 

In the more recently initiated compos.i 
tive studies in Europe (Table 1). sharp 
eyespot and eyespot on wheat and varum* 
foot rots on wheat, rye, and barley * r r e 
enhanced in conventional farming s y s t e m s 

(5,10.11,18.37). Damping-off of ^UJLM 

beet was also more severe in a con* en 
tional farm (11). On the other hand. u».c 
all and root rot of wheat caused by 
mannomyces graminis and damping-ott t 
barley caused by Bipolaris sorokintar-u 
were more severe in the organic plots i 
the Suitia experiment (18). However, tnev: 
plots were located in areas that were ic^ 
well drained than their conventions 
counterparts (17). The mechanisms unJet 
lying differences in disease seventy r*< 
tween conventional and organic or inte
grated farming systems were not inves
tigated in any of these studies. Daamen • 5 > 

Table 2. Populations and diversity of fungi, actinomycetes. and bacteria isolated on various 
media from organically and conventionally managed rhizosphere soils from commercial farms 
in the Central Valley of California, and microbial activity and suppression of corky root of 
tomato (Pyrenochaeta lycopersici) in the same soils (summarized from reference 54) 

Fanning system 

Organic Conventional 
Variable ( n - 3 ) (n -3 ) .Significance* 

Total CFU (xlOVg of dry soil) 
Fungi 6 2,4 2.0 
Actinomycetes 4 9.6 4.4 *• 
Bacteria? 42.3 41.1 
Fluorescent pseudomonads* 5.5 1.4 * 

Diversity index' for functional groups 
Fungi 1.1 1.3 
Actinomycetes 1 J 1.0 
Bacteria 1.3 1.3 

Microbial activity! 1.0 0.2 ** 
Suppression of corky root of tomato* 67.7 41.4 ** 
1 • , 0.01 <P>~0.05, • • . P = < 0.01 in* tests. 
b Averages for isolations on Czapek's, chitin, and cellulose agar. 
• Averages for isolations on water, chitin, and cellulose agar. 
d On 10% trypticase soy agar. 
• On King's B agar. 
' Shannon Weaver diversity index for functional groups based on the ability to hydrolyze 

cellulose, chitin, pectin, starch, and xylan. as determined from the formation of a clear zone 
(> I mm width) surrounding colonies on agar media amended with the respective substrates. 

' Micrograms of hydrolyzed fluorescein diacetate (FDA) per g of dry soil per min. 
h Percent reduction in corky root severity in nonirradiated soil compared to irradiated soil 

after addition of microsclerona of P. lycopersici 
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ascribed the greater incidence of Fusarium 
foot rot in conventional compared to 
integrated or organic fields to the use of a 
fungicide seeddressing at the conventional 
farm, which may have had a negative 
impact on antagonists. However, other 
factors such as differences in nutritional 
status of the crops or soil microbial 
activity cannot be excluded. 

Recently, the effects of farming prac
tices on soilborne pathogens have been 
studied in the SAFS experiment at Davis, 
California. In the first 4 years of the proj
ect, significant differences developed in 
soil microbiological and microfaunal char
acteristics (45). Rhizoctonia solani and 
Verticillium dahliae populations were 
monitored once a month in all fields that 
were cropped with tomato in the summer 
season. Five years after initiation of the 
experiment, populations of both pathogens 
were significantly greater in the conven
tional than in the organic and reduced-
input plots at the end of the tomato grow
ing season (27; M. Bolda, R. Guzman-
Plazola, and J. J. Marois, personal com
munication). 

A well-known example of disease sup
pression in organic farms is that of avo
cado root rot (Phytophthora cinnamomi) 
in Australia. High levels of organic matter 
were maintained in the surface layer of the 
orchard soil by green manuring with leg
umes and forage crops and the addition of 
manure and straw (30). The main mecha
nism for disease suppression was the in
creased microbial activity resulting in 
enhanced lysis of hyphae by bacteria and 
actinomycetes. The predatory activity of 
the microfauna, in particular by various 
amoebae, was also enhanced in soils high 
in organic matter. Conducive soils con
tained similar amoebae but at much lower 
densities (30). 

In 1989 and 1990, we conducted a com
parative study of 19 tomato farms ranging 
in management practices from conven
tional to transitional (less than 3 years or
ganic) to longer term organic (up to 10 
years). Disease severity was generally low. 
The only diseases commonly observed 
were corky root caused by Pyrenochaeta 
lycopersici (Fig. 2) and Phytophthora root 
rot caused by Phytophthora parasitica 
(55). Corky root was less severe in organic 
than in conventional farms, and was inter
mediate in transitional farms (55). Al
though Phytophthora parasitica was pres
ent in many soil samples, as determined by 
a leaf baiting technique, Phytophthora root 
rot occurred only in conventional farms 
and one transitional farm that had used 
organic practices for less than 3 years. 
Discriminant analyses for both years 
combined with 11 soil and plant parame
ters and disease severity as a classification 
variable resulted in significant separations 
between disease severity classes that corre
sponded well with farm type (Fig. 3). The 
variables that were consistently related to 

corky root seventy were soil nitrate and 
tissue N. both positively correlated with 
disease seventy, and N mineralization 
potential or microbial activity (fluorescein 
diacetate or FDA hydrolytic activity), 
negatively correlated with disease seventy. 
Populations of Phytophthora parasitica in 
soil were positively associated with clay 
content, water-stable aggregates, soil ni
trate concentration, electncal conductivity, 
and soil water content, while they were 
negatively associated with soil organic 
carbon content. Clay content and water-
stable aggregates were also positively as
sociated with Phytophthora root rot sever
ity. These soil vanables were slightly 
greater in some conventional farms than in 
the organic farms and were unrelated to 
farming practices. In summary, variables 
associated with corky root severity re
flected plant and soil nitrogen status and 
biological charactenstics of the soil, 
whereas variables associated with Phy
tophthora parasitica mostly reflected soil 
physical and chemical rather than biologi
cal characteristics (55). 

A negative association between micro
bial activity and corky root severity indi
cated that biological disease suppression 
could be operating in organically managed 
soils. This hypothesis was confirmed in 
controlled expenments using irradiated 
and nonirradiated potted soil from organic 
and conventional farms infested with mi-
crosclerotia of Pyrenochaeta lycopersici. 
The increase in disease severity in irradi
ated soil compared to natural soil was 
significantly higher for organically man
aged than for conventionally managed 
soils and was positively correlated with 
microbial activity (53). These results indi
cated that biological entities were probably 
involved in disease suppression in nonir
radiated. organically managed soils (S3). 
In additional studies, suppression of corky 
root proved to be associated with greater 
numbers of total actinomycetes and cellu-
lolytic actinomycetes in organically man
aged soils (Table 3). There were also as
sociative trends between the number of 
fluorescent pseudomonads or chitinolytic 
fungi and suppression of this disease 
(Table 3). The correlations of total actino-
mycete population and cellulolytic actin
omycetes with corky root suppression 
suggest that actinomycetes may have 
played a role in disease suppression. 
Actinomycetes were shown to be associ
ated with suppression of various other 
plant diseases (20). Hydrolysis of chitin 
may also play a role in corky root sup
pression, since cell walls of the majority of 
plant pathogenic fungi contain chitin. 
There are several reports of the association 
of chitin-hydrolyzing fungi with suppres
sion of plant diseases (19,20). Besides the 
abundance of particular functional groups 
of microorganisms, actinomycete diversity 
was also positively correlated to corky root 
suppression (54). In the Japanese study 

mentioned above, the incidence of brown 
stem rot of adzuki bean caused by Acre-

momum gregatum was negatively cone-
iated with fungal diversity in the rhi-
zosphere, which was greater in soils 
amended with farmyard manure or crop 
residues and reduced applications of syn
thetic fertilizers (33). 

In addition to biological disease sup
pression on the organic farms we studied, 
lower nitrogen concentrations in tomato 
plants from these farms may have rendered 
the plants more resistant to corky root. 
Greenhouse studies with organically and 
conventionally managed soils infested 
with microsclerotia of the pathogen indi
cated that both mechanisms—increased 
natural biological control and reduced host 
susceptibility due to lower nitrogen con
centrations in tomato tissue—were in
volved in corky root suppression in or
ganically managed soil (53). 

Root-Feeding Nematodes 
Plant parasitic nematodes, in particular 

Heterodera avenae and Ditylenchus dip-
saci, were significantly more numerous in 
conventional than in integrated fields at 
Lautenbach in Germany (9). One possible 
explanation is the significantly larger 
populations of predatory mites and nema
todes in the integrated fields, since crop 
rotations were the same in the two farming 
systems. The abundance of plant parasitic 
nematodes was also consistently higher in 
conventional than in organic or reduced-
input plots of the SAFS project, even 3 to 
4 years after initiation of this experiment 
(27,45). However, none of the plant para
sitic nematodes reached damaging levels 
in the initial phase of this project (27), 
probably due to the different host status of 
the crops in rotation in relation to the 
nematodes present at the site. 

Conclusions and Outlook 
In the comparative studies reviewed in 

this paper, root diseases and pests were 
generally less severe or similar in organic 
or reduced-input farms, while some foliar 
diseases were less severe and others more 
severe in organic or reduced-input than in 
conventional farms (5,11,18,37). The main 
reason why differences in foliar diseases 
are more variable than differences in root 
diseases may be that foliar disease devel
opment is much more determined by cli
matic and weather factors than by antago
nistic or parasitic interactions on the leaf 
surface, while the reverse is true for root 
disease development It is therefore more 
difficult to control foliar diseases than root 
diseases by biological or cultural means 
However, foliar diseases that are enhanced 
by nitrogen fertilization would be reduced 
when fertilizer use is diminished or aban
doned (as in organic agriculture). For other 
foliar diseases such as late blight, fungi
cide use could be reduced if forecasting 
systems were adopted, as is the case in 



r . eg rated farming v -terns n Europe 
5.1 i \ r u t it w o u i j he u::r".eult to e l imi

nate fungicide use ^ t o g e t h e r wuf-.out sub
stantial yield l o s s e s , f'r.us. I expect that 
certain foliar d iseases will const i tu te a 
prob lem in organ ic farming in humid cli
mates . This is one reason why Pimente l 
351 expec ted that yields of fruits and 

vegetables .vould be lower under organic 
produc t ion than under convent ional pro
duct ion, whereas this would not be so for 
c ram crops . Th i s may be true for humid 
c l imates , but we demons t ra t ed that yields 
of fresh market tomatoes were equal in 
both farming sys tems in a n d c l imates such 
as Cal i fornia i8) . 

T h e consis tent reduct ion in root d isease 
seventy in organic and reduced- input 
c o m p a r e d to convent iona l farms can be 
ascr ibed to longer rota t ions , regular appl i 
cat ions of o rgan ic a m e n d m e n t s , and absti
nence from or reduc t ions in pest ic ide use . 
Reduced t i l lage, which can result in in
creases in root d iseases caused by Rhizoc-
tonia species in convent iona l agr icul ture 
14), did not pose a p rob l em in integrated 
farming sys tems as long as o ther cultural 
pract ices such as appropr ia te rotat ions and 
use of organic a m e n d m e n t s were imple
mented i l l ) . T h e exact m e c h a n i s m s of 
root d isease cont ro l in organ ic and inte
grated farming sys tems are not known . 
However , it is genera l ly a s sumed that or
ganic a m e n d m e n t s r educe root d iseases by 
increas ing the genera l level of microbia l 
activity, resul t ing in increased compe t i t i on 
and/or a n t a g o n i s m in the rh izosphere . T h e 
reduct ion in VAM infect ion of roots in 
convent iona l ly c o m p a r e d to organica l ly 
managed soils (7) may also con t r ibu te to 
the increase in root d iseases obse rved in 

Fig. 2. Typical s y m p t o m s of corky root of 
tomato c a u s e d by Pyrenochaeta ty-
copersici. Note the b a n d e d root l e s i o n s 
with a corky a p p e a r a n c e . (Photograph 
by R. N. Campbel l ) 

convent ional ly managed s o i l s . Relatively 
little uttentton has been paid to the role of 
the so i l tauna in disease suppression. Since 
there are such striking differences in soil 
fauna between organic and convent ional 
farming systems i9 . l3>. plant pathologis ts 
need to col labora te with nematologis ts and 
soil ecologis ts to study the role of the soil 
fauna in disease suppress ion. 

Another aspect that has been neglected 
in compara t ive studies of organic and con
ventional farming systems is the incidence 
of virus diseases. Since many virus dis
eases spread at a regional scale, s tudying 
these diseases in exper imenta l plots is not 
very meaningful . The effects of farming 
practices on virus diseases would therefore 
need to be addressed in systems-level re
search on commerc ia l farms. Potential 

problems .\-.th eop.tour.u:-..: 
could be ove rcome by .e le . t . r .e ~..;r» 
i.irms with u s i m i l a r c u n u i c -~d - . : : . •.> 
ing habitat (46t . 

Systems-level research will be i m p o r t a n t 
to unders tanding the rumi tku t ions or v.e 
whole complex of cultural pract ices, not 
only for virus diseases but aiso for jib.er 
foliar and root d iseases . Farming systems 
research with farmer part icipat ion is es
sential to devise appropr ia te managemen t 
strategies for al ternative agricultural s y s 
tems. Changes in agricul tural practices 
w i l l not be implemen ted if each of j> s 
r e c o m m e n d i n g an individual solution to an 
isolated problem. Truly interdisciplinary 
research w i l l be needed rather than u : s c i -
plinary or even mult idiscipl inary research 
(46). 

Fig. 3 . Plot of t h e s e c o n d and first canon ica l func t ions d iscr iminat ing a m o n g t h r e e 
corky root (Pyrenochaeta lycopersici) severi ty c l a s s e s (0%, red c irc les; <5%. y e l l o w 
tr iangles; >5%, green s q u a r e s ) , b a s e d on 10 soi l variables and t i s s u e nitrogen m e a s 
ured o n individual soi l and plant s a m p l e s . Nitrogen mineral ization potential , micrcoia; 
activity, nitrogen c o n t e n t in t o m a t o t i s s u e s , and soi l nitrate concentra t ion c o n t r i b u t e s 
m o s t to the dis t inct ion b e t w e e n corky root severi ty c l a s s e s . The l ines indicate its 
grouping by farm type (O a organic , T m transit ional, and C » convent iona l ) . ( C o u r t e s t 

F. Workneh) 

Table 3. Correlations o f microbial activity, populat ions of a c t i n o m y c e t e s . ce l lu lo ly t ic act:-. • 
m y c e t e s . f luorescent p s e u d o m o n a d s , and chi t inolyt ic fungi ( i solated from organical ly 
convent iona l ly managed rhizosphere so i l s ) , and a c t i n o m y c e t e d ivers i ty ' with suppression i 
corky root of tomato" [Pyrenochaeta hcopenici) ( summarized from reference 5 4 ) 

Microbial activity and populations r S i g n i f i c a n c e 

Microbial act ivity 0 . 9 6 0.01 
Total a c t i n o m y c e t e s 0 . 8 9 0 . 0 2 
Cel lu lo ly t ic a c t i n o m y c e t e s o.sa 0 . 0 4 
A c t i n o m y c e t e diversity 0 . 8 9 0 .02 
Fluorescent p s e u d o m o n a d s 0 . 7 0 0 . 1 4 
Chit inolyt ic fungi 0 .71 0 . 1 2 

1 For explanat ions of the measured vanables see Table 2. 
* Relative reduction in corky root severity (percent root length infected) in natural field 

compared to corky root seventy in gamma-irradiated soi l . 
" S igni f icance level. 

file:///-.th


L'nfortunateiy. ;here are several c o n -

>cra:nts to in terdisc ipl inary. >> s icms- ieve! 

research. P m a t e c o m p a n i e s are genera l ly 

not incl ined to fund this kind of research. 

C o m m o d i t y g r o u p s are oniy interested in 

their own c o m m o d i t y , not in rotat ion or 

c o m p a n i o n c rops . F u n d i n g from federal 

agenc ies is genera l ly restr ic ted to short-

term, mechan i s t i c ra ther than holis t ic re

search, excep t for the L'SDA Sus ta inab le 

Agr icu l tu re Resea rch and Educa t ion 

( S A R E ) p r o g r a m , which cont ro l s on ly a 

mino r por t ion of the L 'SDA funds. M o r e o 

ver, there is relat ively l imited exper t i se and 

interest a m o n g researchers in in tegrated 

holis t ic research. In terd isc ip l inary research 

is cha l l eng ing and does not resul t in m a n y 

qu ick pub l i ca t ions . So this k ind of re

search is n s k y for u n t e n u r e d faculty a n d 

g radua te s tuden t s w h o need to finish a 

thesis in 3 or 4 years . However , personal ly 

I bel ieve it is wor th the effort. T h e resul ts 

ob ta ined from systems-level in te rd isc ip l i 

nary research, be it in large experimental 
plots o r on commercial farms, are directly 
relevant to the development of ecologi
cally sustainable agricultural systems. 
C o m p a r i s o n of disease suppression and the 
assoc ia ted ecological factors in different 
farming systems could be used as a tool to 
a n s w e r basic agroecological questions. In 
turn, answers to these basic questions 
would be more helpful in designing alter
nat ive fanning systems than results of 
single-factor controlled experiments would 
be. 
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