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ABSTRACT
 

Eight year- of studies of plots continuously cropped with upland rice and other 
crops have helped determine the mechanism of soil sickness. Continuous mono
culture reduced g'owth and yield of rice, mungbean, and cowpea. Maize was 
slightly affected, and sorghum was not affected by continuous cropping. 

Growth inhibition began with the second crop and increased with succeeding 
crops. Crop performance tended to improve slightly after extremely poor crop. 
ping seasons. 

No soil sickness was observed in the rice - mungbean rotation. Detrimental 
effects of continuous cropping were more apparent at early growth stages in 
mungbean and cowpea and in later growth in upland rice. All four rices planted 
(IR2061-464-2-4, IR747-B2-6-3, IRf, and IR52) were affected. 

Chemical analysis of the soil and response to fertilizer applications indicated 
nutrient status was not the direct cause of soil sickness. Root residue was a 
source of infection to the next crop in the monoculture. Sterilzing the sick soil 
and/or root residue removed the sickness, indicating that it is caused by micro
organisms. 

Nematodes did not contribute to upland rice soil sickness. They were, how
ever, found in significant numbers in mungbean and cowpea, and an inoculation 
study suggested that ncmatodes increase the effect of soil sickness on legumi
nous plants. 

Fungal activity for rice plants in continuously cropped plots differed from 
that in control plots. Fusarium moniliforme and an unidentified fungus with 
brown mycelia were most common in continuously cropped plots. Inoculation 
and fungicidal treatments, however, suggest that fungi were not the primary 
cause of soil sickness. Indications are that soil sickness is not caused by asingle 
group of organisms. 

Chloropicrin fumigation alleviated soil sickness most effectively for both up
land rice and mungbean. Soil sickness in annual upland crops also can be avoided 
by proper crop rotation. 

IBy W. Ventura, assistant scientist, and i. Watanabe, head, Soil Microbiology Department, 
The International Rice Research Institute, Los Bafios, Laguna, Philippines; H. Kon" " , 
Agricultural Research Center, Yatabe, Tsukuba, 305 Japan; M. Nishio, Secretariat of ,ri
culture, Forestry and Fisheries Rescaich Council, Kasumivaseki, Tokyo, 100-Japan; A. de la 
Cruz and M. B. Castillo, Department of Plant Pathology, University of the Philippines at 
Los Bahos, College, Laguna, Philippines. 



SOIL SICKNESS CAUSED BY CONTINUOUS
 
CROPPING OF UPLAND RICE, MUNGBEAN, AND OTHER CROPS
 

Reduction in growth and yield caused by continuous mono-
cropping of the same land is called soil sickness, which is a 
general tern', that does not specify causal agents. Yield 
decline in continuous cropping may result from interwoven 
factors including buildup of soil-borne pathogens, depletion 
of mineral nutrients, and accumulation of toxic substances 
(allelopathy). 

Growth i ihibition in upland rice grown annually is well
known in Japan (Nishio and Kusano 1977). In the Philip
pines, growing legumes more than once a year reduces ric: 
yields (IRRI 1975), causing farmers to be reluctant to plank 
legumes in rice-based rotations. 

Recognized symptoms of soil sickness such as stunting 
leaf discoloration, and yield reduction are not crop specific. 
Therefore, the reduction in crop quality often is attributed 
to factors other than soil sickness and attempts are made to 
correct the symptoms by fertilization or other means rather 
than counteracting the sickness itself, 

This paper summarizes our work on soil sickness of up-
land rice, mungbean, and other crops. It describes soil sick-
ness effects (Ventura and Watanabe 1978), the possible in-
volvement of nematodes (Ventura et al 1981) and fungi 
(Nishio et al 1980), and the interrelationship of various 
organisms that cause the growth inhibitory effects. 

I ULND C EON NNUOUS CROPS 

Upland rice (IR2061-464-2-4 and IR747-B2-6-3 and, later, 
IR52 and IRS), maize, mungbean, cowpea, and sorg'im 
were grown continuously in the same plots at IRRI from 
1974 to 1982, except for maize, which was grown for 3 
yr only. A continuous fallow plot was maintained as a 
check. Each was planted in 4 replications in 4.5- x 16-m 
plots in a randomized block design. Later, the plots were 
divided into subplots for rotation or fallow treatment, or 
for pesticide studies. Just before planting 100-60-60 kg 
N PK /ha w as applied in rows for cereals and 20-60-6 0 N PK / 
ha was applied for legumes, unless otherwise indicated. 
High levels of cultural management and crop protection, 

including irrigation, weeding, and an insect and disease 

control program, were used. 

Eight years of continuous monoculture caused different 
growth inhibitory effects for each crop. Figure 1 shows 
grain yield reduction in upland rice and mungbean. Yield 

usually declined 30-60%. In some cases, the crop failed. The 
oscillating yield pattern was clearer for mungbean than for
uplanad rice. For both crops, growth reduction was uniform 

in the main plot. The inhibitory effects were particularly 
apparent at early growth stages for mungbean and cowpea 
and at later growth stages for rice (Ventura and Watanabe 

1978). Table I compares the nonspecific symptoms of up-
land rice and mungbean soil sickness. IR2061464-2-4 and 
IR747-B2-6-3 were affected, and IR52 and IRS, which 
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1. Grain yields in a continuous cropping pattern. IRRI field, 1975-81. 
replaced the two earlier lines, had the same inhibitory ef
fects (Table 2). 

Maize ana sGghum showed no definite symptoms on 
pattern of the inhibitory effect of continuois cropping 
(Ventura and Watanabe 1978). Differences a,.iong crop
pings may reflect seasonal variatiois in pest incidence. 

Growth inhibitory effccts were apparent in all 8 yr of 
continuous cropping. Table 2 shows yield reduction in con
tinuous rice and mungbean as compared to first (formerly 
fallow) or rotation crops. Sorghum was not affected by soil 

sickness even after 7 yr. Maize appeared to be partially af
fected by soil sickness. 

Root diseases (caused by Sclerotium rolfsii Sac., 
Pythiwm sp., and Corticium sp.), which usually attack suc
culent seedlings, sometimes damaged cowpea and, to a les
ser extent, mungbean. Root diseases affected specific areas 
Table I. Comparison of nonspecific symptoms exhibited by upland 
rice and murgbean soil sickiess. 

Upland rice Mungbean 

Seed_____- N ot affected Affected 

Seednationgermi- Not affected Affected 
Seedling vigor Not affected Severely affected 

and growth 
Plant popula- Not affected Affected (pre

tion mature death 
of plants 

Uniformity Uniformly inhibited Uniformly
of growth inhibited

Plant height Affected, effect increases Affected more at 
with age early growth 

stage
Tillering Affected sometimes 
Plant vigor Usually, healthy plants up to I Sick plants tend 

mo old, then plants become to recover I-J/ 

sickly and chlorotic mo after 
Root weight Not visibly affected planting 

RootweigtNo viiblyaffetedAffected some
times 

Straw weight Affected Affected 
Grain number Affected Affected 
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fable 2. Effect of previous cropping condition on yield of upland 
cropa. IRRI field, 

Previous Grain 
Crop crop yielda 

trtatment ft/ha) 

Rice (I1R2061-464-2-4) 3continuous rice crops 0.36 b 
15 mo continuo, fallow 1.75 a 

Rice (IR52) 16 continuous rice crops 0.85 b 
2 yr contiuous fallow 2.35 a 

Rice (IR747-B2-6-3) 4 continuous rice crops 0.95 b 
4 continuous sorghum crops 1.55 a 

Rice (IR5) 6 continuous rice crops 0.87 b 
7 continuo iscowpea crops 3.02 a 

Mungbean (MG50-10A) 8continuous mungbean crops 0.53 b 
6 continuous sorghum crops 1.21 a 

Mungbean (MG50-10A) 16 continuous mungbean crops 0.15 b 
2 mungbean + ! yr fallow 0.60 a 

Cowpea (EG green pod 5 continuous cowpea crops 0.60 b 
#2) 5 continuous maize crops 1.64 a 

Mungbean (MG50-10;.) 16 continuous mungbean crops 0.42 a 
16 c3ntinuoui cowpea crops 0.47 a 

Sorghum (Cosor 2) 4 continuous sorghum crzops 3.45 a 
4 continuous rice crops 3.71 a 

Sorghum (Cosor 2) 16 continuous sorghum crops 2.95 % 
16 continuous cowpea crops 3.30 a 

Maize (DMR2) 5 continuous maize crops 3.63 b 
5 continuous cowpea crops 4.47 a 

Ilnc comcrops offfthm. same cropping period, meani folle ad by a 

mon letter are not significantly different at the 5%level. 

in the plot and the effects differed from the uniform reduc-
lion in plant growth caused by continuous rice cropping. 

To see if one rotation crop could eliminate harmful ef-
fects in a continuous cropping pattern, the rotation portion 
of the mother plot was again planted to the same contin-
uous crop. One rotation crop of sorghum failed to reduce 
the harmful effects of soil sickness in upland rice (Table 3). 
Growth inhibitory effects in cowpea were partially cor-
rected by one rotation crop of maize. In maize, one rota-
tion crop of cowpea eliminated all the detrimental effects 
of'ontinuous cropping. Sorghum had no visible response to 
crop rotation and continuous cropping. 

A 3 yr rotation of upland rice and mungbean showed no 
growth inhibitory effects. Planting mungbean after cowpea 
caused soil sickness, which suggests similarities of growth 
inhibitory effects in leguminous crops. 

The most susceptible crops were upland rice and mung
bean. Keeping the field fallow for 5 mo in dry season im

proved growth and yield of both rice and mungbeai in the 
continuous cropping pattern (Table 4, 5), and may be a 
partial cure, but even after 5 mo fallow, growth and yield 

were still inferior to those of rice and mungbean in rotation 
with cowpea or sorghum.

The second rice crop after 5 mo fallow in the continuous 

rice pattern and the second rice crop after 7 continuous 
cowpea crops had significantly decreased plant growth and 
yield (Table 4). The same was true of the second mungbean 

crop after 5 mo fallow in the continuous mungbean pattern 
and the second mungbean crop after 6 continuous sorghum 
crops (Table 5). This suggests early occurrence of growth 

inhibitory effects in rice and mungbean. 
Before the first crop, pH of the Maahas clay soil was 6.2, 

with 0.13% total N. The p!1 rose slightly after 15 confin

uous mungbean crops, 13 upland rice crops, or 6 1/2 yr 
fallow. N level remained constant in continuous rice crop
ping but increased in fallow and continuous mungbean 

plots (Table 6). More P accumulated in mungbean than in 
rice plots. Because NPK were added for each crop, soil 

nutrient status may not be the primary factor in soil 
sickness. 

ROOT RESIDUES AS ASOURCE OF INHIBITORY EFFECTS 

Crop residues, especially roots left after harvest, may be the 
primary source of infection in succeeding crops (Nishio and 
Kusano 1975). Rice root residues were collected from the 
continuous rice plot,;, soil particles were removed by hand, 
and residues were placed immediately into a fallow plot in 
the same area. Some root residues were sterilized by steam 
at 110'C for 15 min. Chemical fertilization, seeding, and 
other cultural management were carried out as usual. 

Dry matter weight of rice plants was significantly re
duced when unsterilized root residue was added to healthy 
(fallow) soil (Table 7), and no reduction was observed when 
they were sterilized. Removing residue from continuously 
cropped soil did not reduce the inhibitory effect, probably 
because some of the root residues remained in the soil. 

Table 3. Effect of one rotation crop on growth and yield in the continuous cropping pattern. IRRI field a (Ventura and Watanabe 1978). 

Crop variety Previous crop treatment Maturity
(d) 

Upland rice 1R747-B2-6-3 5continuous IR747 crops 
1 sorghum after 4 

100 
100 

continuous IR747 crops 
Cowpea EG gi.en pod #2 6 continuous cowpea crops 

1 maize after 5 continuous 
72 
72 

cowpea 
Maize DMR-2 6 continuous maize crops 91 

1 cowpea after 5 continuous 
maize crops 

91 

Sorghum Cosor 2 5continuous sorghum crops
1 rice after 4 continuous 

92 
92 

soil,1hum crops 

Plant ht 
(cm) 

Grain yield
(t/ha) 

42 a 
43 a 

0.08 a 
0.09 a 

38 b 
61 a 

0.05 a 
0.65 a 

250 a 
248 a 

2.64 b 
4.45 a 

168 a 
170 a 

6.10 a 
6.51 a 

aFor each crop, means followed by a common letter are, not significantly different at the 59 level. 



5 IRPS No. 99, September i984 

Table 4. Effect of prevoous cropping condition on growth and yield of tipland rice. IRRI fielda (Ventura and Watanabe 1978). 

Plant ht Dry matter Grain wt 
Previous crop treatment (t Drymt Gin2w

Cropping period, rice variety (cm) wt (g/m, (g/m, ) 

Jun-Sep 1976, IR2061-464-2-4 5 continuous rice crops 54 b 585 c 165 c 
5 mo fallow in the continuous rice pattern 61 b 772 b 214 b 
7 continuous cowpea crops 88 a 1265 a 446 a 

Oct 1976-Feb 1977, IR2061464-2-4 6 continuous rice crops 57 c 554 b 149 c 
1 rice crop after 5 mo fallow in the 59 c 742 b 117 be 

continuous rice pattern 
I rice crop after 7 continuous cowpea crops 68 b 1046 a 308 b 
8 continuous cowpea crops 81 a 1205 a 385 a 

Jan-Jun 1977, IR5 7 upland rice crops 47 b 0 b 
2-1/2 yr of continuous fallow 63 a 127 a 
1 IR5 crop after 5 mo fallow in the 44 b 0 b 

continuous rice cropping pattern 

aFor every period in each column, means followed by acommon letter are not significantly different at the 5%level. 

To determine the effect of root residues on soil sickness, were placed, 3.5 kg/pot, in glazed porcelain pots. Pots re

soil monoliths were taken at 18-cm depth from continuous- ceived 100 ppm N, P)2Os, and K20. Each treatment had 

ly cropped upland rice and continuously fallow plots. With five replications. Root residues from the sick plot were 

minimum soil disturbance and air drying, the monoliths added to the healthy soil in proportion to the quantity 

rable 5. Effect of previous cropping condition on growth and yield of mungbean MGS0-1OA. IRRI fielda (Ventura and Watanabe 1978). 

No. of plants at Pl'-t ht Dry matter Grain
 
Cropping period Previous ciop treatment 30 DAS Cm) wt (g/10 plants) yield
 

(103/ha) (t/ha)
 

Jun-Sep 1976 8 continuous mungbean crops 170.5 39 c 100 a 0.53 b 
5 mo fallow in the continuous 240.0 60 b 152 a 1.11 a 

mungbean pattern 
6 continuous sorghum crops 254.0 81 a 140 a 1.21 a 

37 b 75 b 0.09 cOct 1976-Feb 1977 9 continuous mungbean crops 
1 mungbean crop after 5 mo 39 b 99 b 0.16 be 

fallow in the continuous 
mungbean pattern 

1 mungbean crop after 6 continuous 58 a 140 a 0.23 b 
sorghum crops 

78 a 161 a 0.45 a7 continuous sorghum crops 

aFor every period in each column, means followed by a common letter are not significantly different at the 5%level. 

Table 6. Effect of continuous cropping on nutrient status of upland rice. 

6 continuous 13 continuous 2.5 yr 6.5 yr 15 continuous 
Soil analysisa upland rice upland rice continuous continuous mungbean 

crops crops fallow fallow crops 

pH (1: 1wt/vol I20) 6.1 6.4 6.0 6.4 6.25
 
EC (minho, wt/vol 1120) 0.31 0.20 0.28 0.14 0.25
 
Exchangeable cations (meq/100 g ads)b
 

Na 1.2 0.98 1.1 1.2 0.85 
K 0.8 0.99 1.0 1.2 1.68 
Mg 7.5 7.8 6.2 8.2 7.0 
Ca 16.2 16.7 14.5 16.0 16.1 

Total Exchangeable bases (mcq/100 gads) 25.8 24.7 22.9 26.5 23.1
 
Available P (ppm) 13.0 26.0 15.0 n.d. 26.6
 

0.13 0.13 0.13 0.16 0.16Total N(%) 

Organic C (%) 1.23 1.11 1.25 1.17 1.12
 
Total elements (ppm)
 

P 534 529 645 726 1158 
1354 1262 1536 1110 1453
K 

Mg 4"77 3730 4188 3885 3730 
Cu 168 133 167 135 133 
Mn 2565 2291 2716 2130 2304 
Zn 126 124 131 119 124
 
Fe(%) 9.14 11.1 9.15 11.8 11.9
 

CEC (meq/100 g ads) 29.6 26.5 29.4
 

aTaken after harvest of the crop. bads =air dried soil. 
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Table 7. Effect of root residue of upland rice on growth and dry 
matter weight cn upland IR206!-464-24. IRRI field, 1978 dry sea- 
son.a 

Plant Total 
Crop history Root residue treatment ht dry matter 

(cm) wt (g/m2) 

4 yr fallow None 51 a 127 a 
Sterilized roots added 52 a 123 a 
Unsterilized roots added 47 a 103 b 

10 continuous Root residues removcdb 34 b 70 c 
rice crops Root residues retained 36 b 85 bc 

_ _
aMeans followed by a common letter are not significantly different 
at the 5%level. bRoot residues from 4.5 m2 of the continuous rice
plot, gathered and transferred to another plot o. the same -lze. 

Table 8. Effect of soil sterilization and rmot residues on the soil sick-
ness of upland rice, IRRI greeahouse. 

Soil Root stubble Total dry
Soil condition sterilizationa treatment matter 

Sick soil + Removed 48.6 a 
Sick soil + Retained, sterilized 46.4 aSick soil - Retained, unsterilized 15.8 c
Sick soil + benomyl - Retained, unsterilized 14.9 c 

and thiram
Healthy soil + No addition 44.8 a
Healthy soil + Unsterilized roots 33.9 b

added 

+-or - mean sterilized or unsterilized. bMeans followed by a com-
mon letter are not significantly different at the 5%level. 

of residues in the field. Soil and root residues were steril-
ized by 7-ray irradiation from 60 Co for 20.5 11to reach 5 
megarad. 

Results from pot zuiture were similar to those observed 
in the field (Table 8). Adding unsterilized roots to healthy 
soil caused some degree of growth inhibition. Sterilizing 
sick soil and root residues increased plant dry matter weight 
threefold. Adding fungicide (10 kg benomyl and 2 kg 
thiram a/ha) before sowing seeds did not improve plant 
growth. 

In rmungbean, two pot culture trials similar to the upland 
rice trials were conducted, except that each pot received 40 
ppm N and Rhizobium spp. was inoculated just before sow-
ing. In the first mungbean trial, seeds did not germinate 
when unsterilized mungbean root residues were present, but 
with no residue there was complete germination. Sterilizing 
mungbean soil or root residues gave 100% germination. In 
the second trial, soil sickness did not inhibit mungbean 
germination, 

Plants grew better in fallow and upland rice soils than in 
the continuous mungbean soil (Table 9), and adding un-
sterilized root residues to the fallow soil did not clearly 
inhibit plant growth. As in the field trials, sick mungbean 
tended to recover at later growth stages. Two weeks of 
flooding or drying of sick soil did not reduce the harmful 
effects of soil sickness, perhaps because the pretreatment 
period was too short. In a related study, drying the soil for 
30 d or longer significantly increased grain yield of mung-
bean and bush sitao (IRRI 1975). 

Table 9. Effect of root residues and soil pretreatment on growth and 
yield of mungbcan. IRRI greenhouse, Oct 1976-Jan 1977a (Ventura 
and Watanabe 1978). 

Field cropping Sod treatment Plant Grain 
condition ht (g/pot) 

(cm) 

9 continuous None 25 c 1.2 e 
rnungbean crops 2 wk flooding 25 c 2.2 de 

2 wk air-drying 16 d 1.0 e 
27 mo continuous None 30 ab 3.6 bc 

fallow Unsterilized roots 28 b 2.9 bc 
added 

Sterilized reots 29 b 4.3 ab 
added 

6 continuous upland None 33 a 5.5 a
 
rice crops
 

Sin a column, means followed by a common letter are not signif
icanly different at the 5%level. 

The cause of soil sickness in legumes definitely is differ. 
ent from that in upland rice because a rice legume rotation
did not show inhibitory effects. However, in both crops 

root iesidues were the primary source of infection, and
sterilization studies strongly indicated microorganism in
volvement. It is likely that presence and quantity of crop
residues are related to the appearance of growth inhibitory 

effects. Under the normal 2-crop sequence, inhibitory
effects became more apparent at mungbean seed geimina
tion and seedling stage and tended to diminish at later 

stages, as root residues decomposed. This may be why one 
fallow season significantly reduces soil sickness in mung
bean. It is the reverse for upland rice because rice residue 
decomposes much slower. 

When mungbean growth is poor, only a small amount of 
crop residue remains in the soil and the fo!lowing crop is 
better. In upland rice, which has relatively more root resi
due, growth improves after two crops with almost no grain 
yield. 

EIFFECTOF:FLOODING OM DEVELOPMENTOF SOIL SICKNESS 

An experiment was conducted to determine the effect of 
one lowland rice crop on soil sickness. Soil from the contin
uous upland rice plot was put in pots (3 kg/pot, 4 replica
tions) and fertilizer equivalent to 100-60-60 kg NPK/ha was 
added before planting. IR2061-464-2-4 was grown for three 
seasons. In season 1, both sick soil treatments were planted 
to upland rice. In the second cropping, pots of sick soil 
were puddled, flooded, and planted with lowland rice. 
After harvesting the lowland crop, the flooded soil was al
lowed to dry to field moisture capacity, and then prepared 
for upland rice. All treatments were planted to upland rice 
in the third cropping. 

Plant growth was uniform in the first crop, suggesting 
uniform soil sickness effects (Table 10). In the second crop, 
lowland rice perforned better than upland rice, which had 
markedly reduced yield. One flooded crop did riot, however, 
remove the inhibitory effects of continuous cropping. Per
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Table 10. Effect of upland-lowland farming rotation on upland rice Results from two successive cropping seasons suggested
soil sickness. IRRI greenhouse, 1978 dry season to 1979 dry season. that neratodes do not contribute to upland rice soil sick-

Previous cropping Present soil Plant Dry matter ness (Table 11). No appreciable nematode population was
conditions condition hta wta found I mo after planting or at flowering stage. Nematodesand crop (cm) (glpot) were not found in feeding position on or in the roots. Pop.

1st greenhouse crop ulatior density of Rotylenchulus and Helicotylenchus de
8 continuous rice crops Upland rice 60.0 a 21.0 a

(field) creased during flowering, a trend contrary to the appear
8continuous rice crops Upland rice 58.7 a 21.3 a ance of the growth inhibitory effects toward rice maturity.

(field)
4 yr fallow Fallow - - Dense populations of root-infecting nematodes were found 

2dgreenhouse crop in the continuous mungbean plot, but rice-after-mungbean
9 continuous rice crops Upland rice 64.4 b 9.0 b suppressed the population.
9 continuous rice crops Lowland rice 90.9 a 23.9 a
Continuous fallow Fallow - - Although the 4- to 8-wk interval between crops appre

3d greenhouse crop ciably reduced nematode population in continuous mung
10 continuous rice, crops Upland rice 63.0 b 19.8 b bean plots, population was still significantly hightr tWan 
9 upland rice + lowland rice Upland rice 63.0 b 19.6 b 
Continuous fallow Upland rice 69.8 a 45.1 a that in other cropping patterns (Table 12), and may influ

ence the poor growth and death of young mungbean plants
aFor every period in each column, mean.4 follo,,ed by a common (Tbe 13) It w thesnd th oor ng g rowth 
letter are not significantly different at the 5%level. (Table 13). It was hypothesized that poorer seedling growth 

and smaller mungbean plant population in continuously 
haps, the inhibitory agents survived such duration and con- cropped mungbean plots accounted for the comparatively 
ditions and became active again when the soil returned to lower nematode population in those plots than was in rice 
upland. - mungbean rotation plots at flowering and maturity. 

Rotylenchulus was the predominant nematode genus. 
NEMATODES AND SOIL SICKNESS Examination of stained roots showed Rotylenchulus 

females and a few Meioidogyne in feeding position. 
Nematode buildup was found to relate to upland rice soil Grain ,field was significantly lower in the continuous 
sickness in Japan (Nishizawa et al 1971). In the Philippines, mungbean plots than in the previous fallow and rice 
large populations of the reniform nematode Rotylenchulus mungbean rotation plots (Table 13). Despite taller and 
reniformis were found in field legumes (Castillo et al 1977) denser plant populations, the rice - mungbean rotation 
and may reduce mungbea, growth and yield in continuous produced grain yield similar to that produced after fallow, 
cropping. Nematode population was studied (Castillo et al perhaps because of a high pathogenic nematode population 
1977-78) in experimental field plots and pot culture. in the rotation. 

Table I1. Plant parasitic nematodes in soil from continuous upland rice (1R2061-464-2-4) and mungbean (MG5O-IOA) plots. IRRI field, 1978 
wet and 1979 dry season (Ventura et al 1981). 

Present Nematode densitya (mean no./300 ml soid + 1 g roots) Rice grain 
Crop history crop Rorylenchulus Meloidogyne Ilelicorylenchus Total of yield (t/ha) 

7 generab 

19 78 wet season, I tro after planting
14 continuous mungbean crops Mungbean 263 a 1 a 4 a 272 a 
I yr fallow Rice 5 a 0 a 44 a 49 b 
1 rice crop + I mungbean crop Rice 24 b Oa 35 a 59 b 
10 continuous rice crops Rice 0 b 0 a 9 a 9 b 

Floweringstage
14 continuous mungbean crops Mungbean 907 a 45 a 5 a 960 a 
1 yrfallow Rice 0 b 0 b 64a 67 b 1.9a 
1 ricecrop+ lmungbeancrop Rice 1 b 0 b 2a 3 b 2.0a 
10 continuous rice crops Rice 1 b 0 b 19 a 20 b 1.0 b 

1979 dry season, I mo after p!anring
11 continuous rice crops Rice 2 a 0 22 a 24 a 
I yr fallow Rice I a 0 19 a 21 a 
I yr fallow Fallow 0 a 0 21 a 26 a 

Floweringstage
11 continuous rice crops Rice 0 0 S a 7 a 1.1 b 
I yr fallow Rice 0 0 2 a 2 a 1.7 a 
I yr fallow Fallow 0 0 1 a I a 
aFor each season and growth stage, means In a column followed by a common lefter are not significantly different at the 5%level. bRorylen
ckulus, Hellcorylenchus, Meloldogyne, Tylenchorhynchus,ltemlcycllophora, Hemlcrironemoldes, and Cricor,emolde3. 



8 IRPS No. 99, September 1984 

Table 12. Effect of the previous crop on plant parasitic nematodes of mungbeat. IRRI field, 1979 dry season (Ventura et al 1981). 

Nematode densitya (mean no./300 ml soil + 1 g roots) 
Crop history Present 

Rot)lenchulus Meloidogyne Total of 
5 genera 

b 

Two wk after planting 
15 continuous mungbean crops Mungbean 73 a 0 78 a 
1 yr fallow Mungbean 3 b 0 17 b 
Rice - mungbean - rice (rotation) Mungbean 12 b 0 22 b 

I-7owering stage 
15 continuous ruungbean crops Mungbean 1250 b 3 a 12.5 b 
1 yr fallow Mungbean 19 b 3 a 40 b 
Rice - mungbean - rice (rotation) Mungbean 3319 a 33 a 3370 a 
2 yr fallow Fallow 27 a I a 42 b 
1yi mungbean and 1season fallow Mungbean 407 b 21 a 447 b 

Maturityc 
15 continuous mungbean crops Mungbean 603 b 3 a 607 b 
1yr fallow Mungbean 440 b 111 a 554 b 
Rice -mLngbean - rice (rotation) Mungbean 1707 a 48 a 1761 a 
2 yr fallow 'allow 2 b I a 4 b 
1yr mungbean and 1season fallow Mungbean 268 b 2 a 271 b 
aFor each growth stage, means in a column followed by a common letter are not significantly different at the 5% level. bRorylenchulus, Melol

dogyne, tHellcorylenchus, Tylenchorhynchus, and Criconemoldes. c5 6 days after planting. 

['he nematode density was very low in the third crop- y-ray irradiation from 60 Co to reach 5 megarad and pesti. 
ping season, even in the continuous mungbean plots, at 2 cide tests were conducted. Mungbean seeds were inoculated 
wk after planting (Table 14), probably because of the with Rhizobium spp. before planting. One week after plant. 
abundant rain (about 600 mm from 20 May to 14 Jul ing, 77 egg masses of R. reniformis and I egg mass of M. 
1979) during this period. Generally, the nematode popula- incognita, freshly taken from mungbean roots in te field, 
tion increased steadily during the flowering and maturation were introduced into the seedling root zone. The average 
periods, although the densities were much lower than number of eggs per egg mass was 65 in R. renirinrmis and 
during the previous season. Lower nematode population in 275 in M. incognita. 
monoculture mungbean that season, as compared to that in Nematode densities were similar in unsterilized sick soils 
the preceding cropping season, probably accounted for the before planting (Table 15). Irradiation by 7-ray killed all 
grain yield increase. These findings suggest the involvement Rotylenchulus and Meloidogyne, and fallow or healthy soils 
of nematodes in mungbean soil sickness. The nematode remained nematode-free. 
population dynamics in the continuous mungbean, cowpea Exposing the sick soil to 7-ray irradiation raised mung
- mungbean, and continuous cowpea plots were similar. It bean yield to equal that in healthy soil (Table 15). Treat
is possible that soil sickness in the two crops was also ment with nemacur killed most, if not all, nematodes and 
similar. eliminated inhibitory el ects. 

A pot experiment was conducted to confirm the involve. IntroduLing Rotyl'n~hulus and Meloidogyne to the ir
ment of nematodes in mungbean soil sickness. For the first radiated sick soil presumably reduced grain yield to the 
cropping, the pots with the continuously cropped soil were level of the untreated sick soil. lowever, adding nematodes 
planted with mungbean MG50-10A. Pots with the fallow to untreated healthy soil did not reduce yield, indicating 
soil were not planted. that nematodes do not necessarily inhibit growth. 

After harvest, to sterilize soil with minimum disturbance Despite high nematode population, grain yield was im
to soil chemical properties, pots were exposed to 20.5 h of proved by applying fungicides to t'isterilized sick soil, in-

Table 13. Effect of the previous crop on grov, th and yield of mungbean (MG50-10A). IRRI field, 1979 dry seasona (Ventura et a 1981). 

Plan! ht (cm) Plant population (x l0'/ha) Grain 
4 wk 6 wk 8 wk 4 wk 6 wk 8wk (kg/ha) 

15 continuousmungbean crops 11.4 a 11.8 c 24.1 d 221.0 a 97.6 c 63.5 c 0'1.5 d 
2 yr fallow 13.Z a 19.5 a 36.7 c 263.4 a 185.3 b 158.3 b 419.6 a 
1 rice crop - I mungbean crop - 13.3 a 24.5 ab 50.1 a 284.1 a 263.0 a 228.0 a 473.1 a 

1 rice crop 
I yr mungbean anJ 13.4 a 19.2 b 43.1 b 270.5 a 209.8 b 190.3 ab 514.7 a 

I season fallow' 
aln a column means followed by a common letter are not significantly different at the 5%level. 



9 IRPS No. 99, September 1984 

14. Effect of the pievious crop on plant parasitic nematodes and (n yield of mungbean and cowpea. IRRI field, 1979 wet season (VenturaThble 
et al 1981). 

Nematode densitya (mean no./300 ml soil + I g roots) Grain yield 

Total of (kg/ha)Rorvlenchuhs Me!oidogyne 
4 generab 

2 wk after planting 

16 continuous mungbean crops Mungbean 2 a I a 3 a 

2 years fallow Mungbean 0 a I a 1 a 

16 continuous cowpea crops Mungbean 6 a 0 a 6 a 

1 yr fallow and 1 crop mungbean Mungbean 2 a 0 a 3 a 
I a 0 a 	 2 a2 yr fallow Fallow 

16 continuous cowpea crops Cowpea 29 a 0 a 29 a 

loweringstage 
16 continuous mungbean crops Mungbean 35 bc 	 0 b 35 be 
2 yr fallow Mungbean 1 c 0 b 1 c 

16 continuous cowpea crops Mungbean 74 a 23 a 97 a 

1 yr fallow and 1 crop mungbean Mungbean 22 be 5 b 27 be 

2 yr fallow Fallow 0 c 0 b 0 c 

16 continuous cowpea crops Cowpea 54 ab 5 b 60 ab 

Maturityc 
422 b16 continuous mungbean crops Mungbean 251 a 	 7 ab 258 a 


0 c 36 c 879 a
2 yr fallow Mungbean 36 c 
16 continuous cowpea crops Mungbean 169 b 4 b 173 b 472 b 

I yi fallow and I crop mungbean Mungbean 10 c 5 b 15 c 820 a 

2 yr fallow Fallow 1 c 0 c 1 c No crop 

16 continuous cowpea crops Cowpead 56 c 11 a 67 c 41 

a For each growth stage, means in a column followed by a common letter are not significantly different at the 5% level. bRotylenchulus, Melol

dogyne, !lelicotylenchus,and Tylenchorhynchus.C54 days after planting. dCowpea not included in grain yield analysis of variance, being a dif

ferent crop. 

dicating the possible involvement of fungi in soil sickness. indicate that other factors in the monoculture soil interact 

The appearance of inhibitory effects in continuously with these two groups of organisms. Interaction of nema

cropped soil and when nematodes or fungi are present may todes with fungi or other microorganisms is suspected. 

Plant parasitic nematodes just before chemical treatment and sowing of seeds and after harvest of mungbean (MG50-10A) as affectedTable 15. 

by irradiation, nematicidt: and fung'cide, and nematode addition. IRRI greenhouse, 1979 wet season (Ventura et al 1981).
 

Nematode densitya (mean no./300 ml soil + I g roots) Grain yield 
Crop history Soil treatment(gpt 

(glpot)Rotylenchulus Meloidogync Total of 
4 generab 

After soil irradiation (if required) and before application of chemicals and plan ting 

16 continuous mungbean crops None 96 a 0 96 a
 

(sick soil) Nemacur to be added 86 a 0 87 a
 

Soil trradiated 0 b 0 
 1 b 
Nemacur, furadan, and 62 ab 0 62 ab 

benomyl/thiram to be added 
Benotnyl/thiram to be added 81 a 0 81 a 

Soil irradiated and 0 b 0 0 b 
nematodes to be added 

5.5 yr fallow (healthy soil) Nematodes to be added 0 b 0 0 b
 

None 0 4
0 	 b 

After harvest 
32 a 732 b 3.3 c17 continuous mungbean crops None 700 b 


(sick soil) Nemacur added 13 c 10 be 23 c 6.9 ab
 
Soil irradiated 2 c 
 0 c 2 c 6.6 b 

Nemacur, furadan, and 5 c 16 b 21 c 6.3 b 
benomyl/thiram added 

Benomyl/thirani added 501 be 37 a 538 bc 6.2 b 
Soil irradiated and 699 b 9 be 709 b 3.0 c 

nematodes added 
5.5 yr fallow Nemnatodes added 1395 a 0 c 1416 a 9.0 a
 

c 6.2 b
(healthy soil) None 6 c 0 c 7 

aFor ea':h growth stage, means in a column followed by a common letter are not significantly different at the "% level. bRorylenchutus, Meloi. 

dogyne, lteliotylenchus,and Tylench orhynchits. 
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FUNGI ON UPLAND RICE ROOTS IN CONTINUOUSLY 

CROPPED HIELDS 


There was a strong indication of microorganism involve. 
ment in upland rice soil sickness. Fungi are the most prob- 

able cause of soil-borne diseases. If fungtus is a causal agent, 
it should be more abundant on and in roots of the affected 

plants. 

The ungal genera on the root surface of upland rice was 

determined by planting washed root segments on several 
kinds of agar plates, then incubating at room temperature 
(25-3O:C) f(r 4-10 d. Most of the fungi isolated were con. 
sidered to have been present on the root surface not as 

spores but as active mycelia. The frequency of occurrence 
of each genus was expressed as the fungal activity:the total 

number of isolates of each genus divided by the total 

number of segments planted, times 100. Table 16 shows the 

abundance of .'surittm and the sterile forms. In Japan, the 
dominant genera are Ftusariu, Ivrenochaeta,Pythium, and 
the sterile forms (Nishio and Kusano 1977, Nishio and 

Kusano 1979). lIm'renochueta has been positively identified 

as being involved in the soil sicktness of upland rice (Nishio 

and Ktusano 1979). It was not observed, however, in the 

soil sickness plots of IRRI. 
The sterile fungi (brown mycelia) tended to increase 

with continuous cropping, which agrees with microcope 

observatiots of the increasing length of grown mycelia 
(Table 171, aind suggests itnvolvement of ;n unidentified 

brown inycelia fungus (or fungi) in upland rice soil sickness. 

Brown mycelia fungi increased in ;ength 10 times during an 

additional 30-d cultivation, septated; arid sonic penetrated 

into the cortex and stele.intothecortx ad
stleet 

1usarium flora on or inupland rice roots in sick soil was 

compared with that on healthy plants. The flora was 

estimated by frequency of occurrence of Fusarium species 

Table 16. Freque!ncy of occurrence of fungi isolated from washed 
root segments of upland rice (47 days old) using Czapek-l)ox agnr 
medium (Nishio ct a] 1980). 

I ungal activity a 

Fungal genus Control plant% Continuously 

'lot a Plot b cropped plants 

-a 

Iu~ari~o23.3 9.8 12.9 
Currularia 0.8 3.6 (.8 
,Voiocillntin 3.3 3.6 3.0 
Ispergilhou 1.7 0.9 f 
P'ictlhtui 1.7 0 0 
Other generah 0 1.8 0.8 
Sterile hyaline 38.3 33.0 24.2Sterile browine 38.3 21.4 24.2Sterile brown 18.3 21.4 31.8 
Unidentified 2.5 0.9 0 

Segments planted (no.) 120 112 132 
total no. of isolates 109 84 97 

Segments colonized (%.i 87.5 71.4 72.7 

a ungal activity =total no. ofisolatesofeachenI.~~~~~~ ,tvt 1nat't9_!.Jfs-?_te-°e-cI--~u- 00. 
total no. of segments planted 

bOther genera included Cep/alosporium, C'lindrocarpon, Mucora. 
c.'ae, and Trlciuoderma. 

Table 17. Mycelial length on toots of upland rice as determined 
microscopically (Nishio et al 1980). 

Mycelial lengtha mim/mmn) 

Mycelia 17 days after sowing 47 days after sowing 

Control Continuously Control Continuously 
plants cropped plants plants cropped plants 

Brown 0.73 0.33 0.80 3.61 

Ilyaline 2.38 1.86 1.17 3.85 
Total 3.11 2.19 1.97 7.46 

aMycelial length was determined by observing 288 microscopic 

fields (=8 plants / 3 roots X 12 microscopic field:). 

islated from wasted upland rice roots using Komada's 

lusarium-selective medium enriched with 0.25 g chloram

phenicol/liter. The species composition of Fusarium was 

distinctly influenced by cropping history (Table 18). 
Fusari',i moniofi.rme was predominant on roots of con
tinuously cropped rice, suggesting its involvement in soil 

sickness of upland rice. 

The survival of F. monilijorme in field soil was deter. 

mined by gathering root residue 4 wk after harvest, washing 

die root residue segments with sterilized deionized water, 
and planting in a Flusarium-selective medium enriched with 

0.25 g chlorantphenicolilitcr. ie ,omtnor perirud of time 

between two cropping seasons enabled the fungus to survive 
in the plant residues (Tlable 19). 

Table 18. Frequency of occurrence of .'uariuto isolated from 
washed root segments of upland rice using selective medium (Nislhioal 1980). 
e 

Fungal artivity a 

Control plantb Continuously 

(Pot 2a) cropped plantb 
(Plrot I a) 

I. oxysportoU 18.1 ( 83.3%) 2.5 ( 11.5%) 
I., olani 1.7 ( 7.4"%) 1.7 ( 7.7), 
I.monliforntl 2.1 ( 9.27) 17.5 (80.81A) 

Segments planted (no.) 240 240 
Totai no. lusarium isolated 54 (100.0%) 52 (100.0,) 

Segments colonized (%) 22.0 20.4 

Total no. of isolates of each genus 0 
____________.___ 

total no. of segments planted 
b4 7 days after sowing. 

Table 19. Survival of F tonili/orme on root residues in field soil.a 

I-usaridnt ox'sp,)nI 1. )1 b ( 3.0 

F.usarium .solani 8.8 h) (26.6'/,) 
:usariun monififortne 26.4 b (72.71,",) 

No. of segments planted 247 

Total I-tisariun isolated 33 ( I 0'/'ZSegments colonized (%) 12.0 

a'rakern from plots of continuous rice crop, 4 wk after harvest. blx
pressed as fungal activity. 
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Table 20. Involvement of Fousariutu nioniliJrne in soil sickness of Table 2 1. Pesticidal treatments in continuously cropped plots. IRRI, 
upland rice. IRRI greenhouse. 1982 dry season. 

Soil Root FK Total plant F' Pest!idal treatment Dosage Primary target organisms 
condition residuea onilijorow dry wt moniliornt,culturea (g/pt) isolatedb Chloropicrin 116.7 liters/ha All organisms 

Benomyl 150"; ai) 20.0 kg ai/ha Rhi:octoniaand Iusarium 
Sick soil, - - 23.P 0.0 Validacin (0.03'; ai) 2.0 kg ai/ha Rhizoctoma only 

sterilized c + - 18.4 0.0 K-salt of hydroxy- ml solution/in' Corticint 
Sick soil, - - 14.1 45.7 isoxazol solution 

unsterilized - +d 17.7 78.4 (41.52, ,ai0 
Healthy soil, - - 18.1 0.0 Nemacur (50'; ai) 20.0 kg ai/ha Nematodes (esp. Rot'h'n

terilizedC 	 - + 22.8 92.3 thttlus and Miteloidogy'ne) 
- + (sterilized) 21.7 4.7 
+ - 16.5 0.0 Other treaunents: Mungbean seed inoculation with Rhizobium Epp. 

+ (sterilized) - 20.0 0.0 	 Fertilizer rate was 20-6060 kg NPK in tnungbean 
a 	 and 100-60-60 kg NPK in dryland rice. 

a 10_0_0 k___i______ie= absent, + = added. bFusariun flora was estim ated by frequency 

of occurrence of Fusariun species isolated from washed root of up.
 
land rice using Komada's Fusariuro-selective medium. cSterilized healthy or former sorghum plots (Table 23). In the contin.
 
w.th chlorer)icrin at G.5 ml/pot (injected at tO-cm depth). dA F.
 
rnonflifortne isolated from upland rice root was cultured on soil- uously cropped plots, chloropicrin improved plant giowth,
wh(.. bran medium for a month. Before seeds were sown, each pot although some inhibitory effects were observed at early
received 200 g(30% 11,0content) of the culture. growth stages. Fungicides partially improved plant growth, 

which supported earlier findings that indicated possible in
pnoniliftre ice of fungi mungbean soil sickness. Nemacur, 

was studied in pot culturicernt greenhouse. A F. onii- however, had no effect probably because the 4-mo interval 
fuiouw isolate from upland rice roots taken from the contin- between crops reduced the nematode populations to an in
uously cropped plot was cultured on soil-wheat bran significant level. These results indicate that soil sickness is 

The role of . in soil sickness of upland volvement in 

medium for I mon. Before sowing rice seeds in the pot, 200 complex and is not caused by asingle group of organisms. 

g of the culture (fresh weight, about 30% water content) Fertilizer application, as expected, did not correct the 

was mixed with the soil. As in earlier experiments, adding growth inhibitory effects caltnsed by continous cropping 

unsterilized root residues to sterilized sick and healthy soil 
(Table 22).decreased total dry matter weight of rice plants (Table 20). 

However, adding a pure culture of 1. ntonilifrnte did not 
clearly inhibit rice plant growth despite the large number WHIATCAUSES SOIL SICKNESS? 
that survived in the soil. It was noticed, though, that plants Continuous monoculture in the same field reduced growth 
in unsterilized sick soil, widih ut inoculation, had the lowest and yield of upland rice, mughean, and cowpea, therefore 
dry matter weight and a high population of this Fusarium a
species. There is no doubt about the pathogenic potentiali- a one-crop system should be avotded and crop rotation 

ties of F. moniliforne, but these results indicate that it is cificity of soil sickness is a natural phenomenon that allows 
not the primary cause of upland rice soil sickness, although otherityan soi es is t hh 
it may increase soil sickness initiated by other micro- other plant species to thrive. 
organisms in the root residues. 

Table 22. Effect of pesticides in reducing growth inhibition due to 
continuous cropping of upland rice. IRRI, 1982 dry season.a 

PESTICIDE TREATMENTS-

Pcsticidal Plant Grain Yield
To better understand soil sickness, the plots continuously Crop history treatment ht yield indexb 
cropped for 8 yr were divided into 4.5- x 1.5-m subplots, (cm) (t/ha) 

with a I-mn buffer strip between plots. Pesticides were ap- 16 continuous Chloropicrin 77 a 2.5 a 294 
plied to control target organists (Table 21). rice crops Ilenomnyl 67 c 1.1 c 136 

Validacin 68 bc 1.5 be 177
inupland rice. pesticides applied to the soil before plant- None 67 c 0.8 cd 100 

ing did not affect the growth and yield of plants in the Nont:c 58 d 0.4 d 54 
healthy or formerly fallow plots (Table 22), indicating that 8 yr continuous Chloropicrin 77 a 2.5 a 299
the microorganisns were ioth a fallow Ilenomyl 73 ab 2.3 ab 274

that killed did have signific- Validacin 70 be 2.2 at) 260 
ant pathologic effect on upland rice. Chloropicrin fumiga- None 71 bc 2.4 a 280 
tion eliminated inhibitory effects in continuously cropped Nonec 58 d 0.8 cl 96 
plots and they yielded equal to healthy soil plots. Because aln a column, means followed by a common letter are not signific

of high variability among replications, the specific-acting antly different at the 5%level. 
validacin and wide-spectrum benomyl did not significalntly bYield index Grain yield of treatment X 100. 

improve growth and grain yield. ;rain yield of control 
As in upland rice, soil fumigation and pesticide applica- control = no pesticide but with fertilizers. 

tion did not affect plant growth and yield of murigbean in CFertilizers not applied. 
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Table 23. Effect of pesticides in reducing growth inhibition due to 
continuous cropping of mungbean. IRRI, 1982 dry season.a 

Flowering stage Bean 

Crop history Pesicidab Plt Dry yield
treatment 	 (t/ha) 

fit (0120 
(cm) plants) 

21 continuou,, Chloropicrin 47 b 215 b 1.2 a 
nilngbean crops Benomyl 35 c 121 c 0.8 bcd 

Nemacur 28 d 105 c 0.6 d 
Validacin 29 d 89 c 0.6 cd 
K-salt of 35 c 102 c 0.7 bcd 

hydroxy-isoxazol 
None 27 d 92 c 0.6 d 

19 continuous Chlouipicrin 67 a 231 ab 0.9 abc 
sorghum crops 	 tienomyl 66 a 250 ab 1.1 a 

Nemacur 69 a 264 ab 1.1 a 
Validacin 69 a 222 ab 1.1 a 
K-salt of 66 a 270 a 0.9 ab 

hydroxy-isoxazol 
None 64 a 239 ab I. a 

alIna column, means followed by a common letter are not signific-
antly different at the 5% ievel. t'All treatments applied with 20-60
60 kg NP'K/ha. 

Results of this study indicate that fungi and nematodes 
are not the direct cause of soil sickness and that inter-
actions of various organisms are involved. Continuous mono-
culture changd tilecomposition of the biological soil com-
ponents and the proliferation and activity of soil and rhizo-
sphere tticroflhra (lorner 1960, Barclay and Crosse 1974, 
Vancura et al 1977). Biological soil sickness obviously does 
not depend on a single group of microorganisms, and not all 
microorganisms responsible for soil sickness directly affect 
plants (Vlasta et al 1982). 

Some researchers (McCalla and llaskins 1964, Nishio 
Kusano 1976, Mulder 1974) found that an association be-
tween root exudates and microorganisms caused the growth 
inhibitory effects and, therefore, the crop specificity of soil 
sickness. 

Gro)wth reduc.tion in upland rice appears to differ from 
that in lowland rice (Table 10). The effect of phytotoxins 
caused by decomposing organic matter on lowland rice was 
reported by ('ou et al (1977) and Cannel and Lynch 
!984). 


Fungi and nematodes have been studied as causes of soil 
sickness of upland rice and mungbcan, but bacteria have 
not been considered. In a related study on apple replanting 
problems, however, Vlasta et al (1982) found no direct in-
volvement of bacteria in soil sickness. 

Interactions of pathogenic agents probably are involved. 
Adding benomyl and thiran (able 15) cured soil sickness 
despite the presence of potential pathogenic nematodes, 
which suggests a possiblc interaction of nematodes and 
fungi. Nematoides in healthy soil did not damage mungbean 
(Table 15), which suggests the presence of antinematode 
activity of soil. Continuous cropping may not only increase 
the population of potentially pathogenic organisms that are 
not singly pathogenic, but may also cause them to be 
pathogenic in combination with other weak pathogens. 

Continuous cropping also decreases tie antagonistic effects 
of soil flora on weak pathogens. Soil sickness problems can

not be answered by a simple application of Koch's principle. 
Chemical soil sterilization is an effective, but expensive.means of alleviating soil sickness in upland rice and mung

bean. Soil sickness in annual crops can be agronomically 
controlled by a rotation scheme with an unrelated crop.
The inclusion of resistant crops such as sorghum is sug

gested. Having at least one fallow season is another remedial 
measure, but soil sickness re-occurs if the same crop is 
planted twice in 1yr. 
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