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Nematode Interactions with Weeds and Sugarcane Mosaic 
Virus in Louisiana Sugarcane 1 

A. T. SHOWLER, 2 T. E. REAGAN, 3 AND K. P. SHAO 4 

Abstract: Weeds did not appear to serve as reservoirs for phytophagous Louisiana sugarcane 
nematode populations except for Criconemella spp., Meloidogyne spp., Tylenchorhynchus annulatus, and 
total phytophagous nematode densities were lower on weed-stressed cane and were accompanied 
by reduced accumulations of free cysteine, proline, and 13 other  free amino acids in sugarcane. A 
significant weed-virus interaction for sugarcane free cysteine accumulation was detected; T. an- 
nulatus populations were highly correlated (r = 0.59, P _--< 0.001) with the weed-induced and virus- 
induced changes in free cysteine. Sugarcane nematodes interacted differently with the weed and 
virus stresses and changes in host plant stress-related free amino acid concentrations. 

Key words: free amino acid, Saccharum hybrid, sugarcane, sugarcane mosaic virus, Tylenchorhynchus 
annulatus, weed. 

Of the 14 plant-parasitic nematode gen- 
era reported in Louisiana soils on which 
sugarcane, interspecific hybrids of Saccha- 
rum, is grown, Birchfield (8) identified 
Trichodorus, Tylenchorhynchus, Meloidogyne, 
and Pratylenchus spp. as the major pests. 
Crop loss prediction models are based on 
initial phytophagous nematode popula- 
tions (20) but neglect such factors as tillage 
regimes (14,21), organic soil augmentation 
(42,47), varietal resistance (3,29,38), num- 
ber of seasons a cultural practice is imple- 
mented (5), size and nutritional quality of 
available root space (6,41), fungal-nema- 
tode (20,28,40) and nematode-nematode  
(18,23) interactions, insect herbivory (39), 
and antagonistic plant species (9,26). 

Avocado roots were shown to harbor 
greater nematode populations in weedy 
systems than do weed-free areas (36). The  
effects of weed cover on phytophagous 
nematodes and sugarcane free amino acid 
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(FAA) levels have not been examined. In 
light of  research on the contribution of 
annual weeds toward sugarcane borer, Dia- 
traea saccharalis (F.), control (2,46) and the 
examination of water stress-induced FAA 
concentration changes in various plants 
(7,44,50), it is important to study the in- 
teractions among different pest organisms 
with their environment.  

Plant virus stresses also may alter the 
nematode (13,23,28) and FAA (1,16,17) 
levels of various crop hosts. Sugarcane mo- 
saic virus (SCMV), a wide-spread Louisiana 
sugarcane disease (31), was implicated in 
synergistic and additi,~e yield loss interac- 
tions with ratoon stunting disease (30) and 
Pythium graminicola (4). The  potential in- 
terrelationship of  SCMV with nematode 
abundances and FAA accumulations in 
sugarcane has not been addressed. 

White (50) indicated that host plant 
stress-induced changes in FAA concentra- 
tions may contribute to the proliferation 
of  phytophagous organisms by providing 
easily assimilated nitrogen. Host plant free 
proline levels, in particular, have been 
shown to respond to nematode (15,19,24), 
bacterial (37,45), and viral (16,28) stresses. 
Lewis and McClure (32) indicated that cot- 
ton resistance to Meloidog3me incognita may 
be related to accumulations of  specific FAA. 
Nematode infestations may be linked with 
other biotic stress agents, and the relation- 
ship is probably mediated through the plant 
(39,49), The objective of  this study was to 
observe sugarcane nematode interactions 
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with common biotic stresses and to delin- 
eate relationships associated with sugar- 
cane FAA levels. 

MATERIALS AND METHODS 

Studies were conducted on a 2.5-ha block 
of  sugarcane (interspecific hybrids of Sac- 
charum, variety CP 74-383) in Assumption 
Parish, Louisiana, in 1985 and 1986. Mois- 
ture content of  the unirrigated soil (Com- 
merce loam; 8% sand, 68% silt, 24% clay) 
varied from saturation to occasional top- 
soil dessication. The  experiment was ar- 
ranged in a randomized complete block de- 
sign replicated six times with a 2 x 2 split 
plot arrangement of  treatments. Each plot 
was 0.2 ha in area and rows were 1.8 m 
apart. The  four treatments were 1) weeds 
and virus-infected cane (WV), 2) weed-free 
and virus-infected cane (WFV), 3) weeds 
and virus-free or healthy cane (WH), and 
4) weed-free and virus-free or control cane 
(WFH). SCMV-infected sugarcane stools 
were randomly located within each plot and 
tagged for future reference in April of  each 
year. In early May, WF plots received a 
tank mix application of  metribuzin (1.3 kg 
a.i./ha) and dicamba + 2,4-D (1.3 kg a.i . /  
ha and 1.1 kg a.i . /ha, respectively) from a 
tractor-mounted spray boom. Weeds in 
weed-free (WF) habitats were spot treated 
with metribuzin (25.5 g a.i./liter) each sea- 
son. Weedy (W) plots were spot sprayed 
with dicamba (9.6 g a.i./liter) to enhance 
monocot  species that were possible alter- 
nate hosts of  sugarcane nematodes. John- 
songrass, Sorghum halepense L., an unac- 
ceptably competitive perennial weed in 
most agroecosystems, was systematically 
removed from all habitats by spot spraying 
with asulam (2% a.i.) and by hand-roguing. 
Weed samples were collected in June, Au- 
gust, and September of  both years. Total  
weed biomass was determined by taking 
clipped vegetation from five random 0.5 
m 2 quadrats in each treatment replicate. 
Two of the five subsamples were recorded 
by weed species. All samples were oven 
dried for 48 hours at 94 C and weighed. 

Soil samples for nematode assay were 
col lected with an Oakfield soil p robe  

(2-cm-d) to a depth of  25 cm. Two 18-core 
subsamples (250 ml each) were taken with- 
in 8 cm of 36 randomly selected cane stalks 
from the W and WF habitats in June,  Au- 
gust, and October  of  both years. In Oc- 
tober nematode assay samples were col- 
lected at the base of  36 SCMV-infected and 
36 SCMV-free plants and along the row 
tops at least 45 cm from sugarcane stools 
(interstool gaps). All soil samples were kept 
in plastic-lined paper bags and transported 
to the Mississippi State University Plant Pa- 
thology Extension Service Laboratory for 
nematode extraction, by elutriation and 
sugar flotation centrifugation, and for 
counting. 

In late October  1986 the basal 10 cm of  
four healthy and four SCMV-infected sug- 
arcane stalks were randomly selected and 
cut from each W and WF plot, sealed in 
plastic bags, and placed on ice. Five milli- 
liters of  juice was squeezed and combined 
within each group of four stalks. A 1-ml 
aliquot was purified from each four-stalk 
juice sample using 0.45-t~m-pore mem- 
brane filters mounted on plastic syringes. 
The filtrate was stored at - 1 0 0  C until 
FAA concentrations were measured by 
HPLC. All FAA were quantified except 
serine, which was confounded with glu- 
cosamine.  To  de t e rmine  whe the r  the  
monocot weeds served as reservoirs for 
nematodes ,  compar isons  involving gap 
populations were performed using the Stu- 
dent t-statistic. SAS ANOVA and corre- 
lation procedures (27) were employed to 
delineate relationships among the weed and 
nematode populations, and FAA accumu- 
lations. 

RESULTS 

Weeds in W plots were broadleaf  sig- 
nalgrass, Brachyaria platyphylla Nash; hairy 
crabgrass, Dig#aria sanguinalis Scop.; Ech- 
inochloa spp.; bermudagrass, Cynodon dac- 
tylon Pers.; broadleaf panicum, Panicum di- 
chotomiflorum Michx.; and yellow nutsedge, 
Cyperus esculentis L. Relative biomass of  
some weed species was higher early in the 
season, others built up as the season pro- 
gressed (Table 1). The  nematodes most 
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TABLE 1. Relative biomass (% of  total) of annual  monocot  weed species in weedy regimes averaged over 
1985 and 1986. 

Total weed biomass Panicum Brachyaria Dig#ar ia  Echinoohloa Cynodon 
Month (g/0.5 m 2 + SE) dichotomiflorum platyphylla sanguinalis spp. dactylon 

May 66 -+ 12 0.6 6.0 89.8 2.8 0.6 
August 115 _+ 32 2.2 3.2 90.1 1.5 3,0 
October 41 + 4 3.8 1.4 70.4 2.4 22.2 

Weed biomass was determined using six replicates of two 0.5-m 2 quadrats/0.02-ha plot. 

commonly collected were ring, Criconemel- 
la curvata and C. onoensis; root-knot, Me- 
loidogyne incognita and M. javanica; stubby 
root, Paratrichodorus minor; lesion, Praty- 
lenchus zeae; reniform, Rotylenchus renifor- 
mis; and stunt, Tylenchorhynchus annulatus. 
Lance, Hoplolaimus columbus, and spiral, 
Helicotylenchus dihystera and H. pseudorobus- 
tus, each composed less than 1 %  of  the 
total phytophagous nematode populations 
(Fig. 1). 

Tylenchorhynchus annulatus populations 
were as much as 79% lower on W cane after 
August 1985 (P _-__ 0.05), and Criconemella 
spp. and Meloidogyne spp. followed a similar 
pattern (Fig. 1). Such weed-related popu- 
lation differences were not observed for P. 
minor, P. zeae, R, reniformis, or nonphyto- 
phagous nematodes (Fig. 1). 

Weed effects on nematode populations: 
Weedy cane harbored 44 and 40% more 
phytophagous nematodes than WF cane in 
June and August of  1985, respectively. 
Thereafter,  plant-parasitic nematodes were 

reduced by as much as 46% (P =< 0.03) on 
W cane (Fig. 2F). 

In 1985 P. minor, T. annulatus, P. zeae, 
and total phytophagous nematode species 
were more abundant in W gaps than in WF 
gaps by 100 (P _-< 0.14), 57 (P _-< 0.13), 47, 
and 49%, respectively. In 1986 these groups 
were 0, 71 (P _-< 0.1), 36, and 41% (P =< 
0.15) lower in the W gaps than WF gaps 
(Fig. 2). Meloidogyne spp. juvenile numbers 
were lower (62%) in W gaps only in 1986. 
Criconemella spp. were 47 and 21% more 
abundant in W gaps in 1985 and 1986, 
respectively. Nonphytophagous nematode 
levels in W gaps were 68% (P _-_ 0.01) higher 
in 1985 and 35% (P < 0.12) higher in 1986 
than in WF plots (Fig. 2). Relative abun- 
dance of the nematode groups (percentage 
of  total plant-parasitic nematodes) were not 
affected by the weed regimes. CriconemelIa, 
the predominant genus, comprised up to 
53% of the phytophagous nematodes, but 
R. reniformis, Meloidogyne spp., and P. minor 
each accounted for less than 7% in either 
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FIG. 1. Mean abundances (-+ SE) of  phytophagous nematode  species and nonphytophagous nematodes on 
weed-free healthy cane (WFHC), weed-free sugarcane mosaic-infected cane (WFVC), weedy healthy cane 
(WHC), weedy sugarcane mosaic virus-infected cane (WVC), weed-free interstool gaps (WFG), and weedy 
interstool gaps (WG) in a Louisiana sugarcane (CP 74-383) field in October  1985 and 1986. 



34 Journal of Nematology, Volume 22, No. 1, January 1990 

2500 | A 1985 ',1986 .4' 

.+2oooF' i . J i  ................ r 
& . , 4 m l S O O i  ] '~"" +" 

~°°1 ~- :W " i  
o/  . ~ . . . .  i ,  , , 
MAY JUL SEP MAY JSL SEP 

1 2 0 0  IC ' 

~:~ 9001 

°°4 
MAY 

~[ .,4 2 0 0 0 1  

M A Y  

198511986 

] 

JUL SEP MAY JUL SEP 

' 1985'; 1986 ....... T 
i , . , / "  

| 

! 4"0 1 
i O, / * O] 1 ' ~ i  + 

', 2; 

JUL SEP MAY JUL SEP 

+oo, 

] \ 'T" ~ ' - ~  " 'I  / 

MAY JUL SEP MAY JUL SEP 

', ,i.' ~2oo] 

"°t°° i 
Oi 

MAY JUL SEP MAY JUL SEP 

6oo0 iF ~+~"~+  1 ' i .... • ..... 

', ++..."7 ...... 
"~$4OOO I. ' 44; " '~' + =~'~ / ', £., 

2 ° ° °  

~ O [  , ', 
MAY JUL SEP MAY JUL SEP 

FIG. 2. Mean numbers of phytophagous nematodes (+ SE) in weedy and weed-free sugarcane rhizospheres 
in June, August, and October 1985 and 1986. Asterisks indicate significant differences between the two weed 
regimes. A) Criconemella spp. B) Meloidogyne spp. C) Pratylenchus zeae. D) Paratrichodorus minor. E) Tylencho- 
rhynchus annulatus. F) Total phytophagous nematode populations. 

weed regime. Relative abundance of total 
nonphy tophagous  and plant-parasi t ic  
nematode populations (percentage of  total 
nematodes) was not affected by the pres- 
ence of weeds. 

In W gaps and W cane, Criconemella spp., 
P. zeae, R. reniformis, P. minor, T. annulatus, 
and total phytophagous nematode popu- 
lations were approximately equal. By 1986 
Criconemella spp., P. minor, T. annulatus, and 
total phytophagous  nematode  densities 
were 49 (P _-< 0.08), 79 (P _-< 0.05), 26, and 
40% (P _-< 0.07) greater, respectively, on 
W cane than in W gaps. Meloidogyne spp. 
was found in W gaps but not on the cane 
(Fig. 2). Pratylenchus zeae was evenly dis- 
tributed in W cane rows. 

Weed-free cane harbored more nema- 
todes than WF gaps in 1985 and 1986, re- 
spectively, as follows: 63 (P =< 0.05) and 
70% (P = 0.05) more CriconemeUa slop., 100 
(P =< 0.05) and 79% (P -<__ 0.01) more P. 
minor, 67 (P ~ 0.05) and 46% (P = 0.05) 
more T. annulatus, 49 (P =< 0.05) and 45% 
(P _-__ 0.05) more total phytophagous, and 

76 (P =< 0.005) and 46% (P =< 0.05) more 
nonphytophagous nematodes (Fig. 2). Me- 
loidogyne spp. juvenile population trends 
were similar to those observed in W plots. 
R. reniformis populations were uniform on 
the sugarcane rows. 

Free alanine, arginine, asparagine, cys- 
teine, glycine, histidine, isoleucine, leu- 
cine, lysine, methionine, phenylalanine, 
proline, threonine, valine, and total FAA 
in W cane were lower than in WF cane (P 
=< 0.05) (Table 2). Asparagine was 29 and 
28% of the total measurable FAA in W and 
WF cane, respectively. Relative amounts of  
each FAA were unaffected by weed pres- 
sure, except that cysteine was 86% (P =< 
0.001) lower in W cane. 

Interactions among weeds, SCMV, nema- 
todes, and FAA: Weedy and weed-free plots 
harbored SCMV infection levels of 11 and 
19% in 1985, and 12 and 26% in 1986. 
WV cane had 44% less free isoleucine and 
55% less free phenylalanine (P =<_ 0.05) than 
WH cane; and 65, 54, 69, 48, 50, 65, 65, 
72, 73, 72, 68, 64, and 41% less (P ~ 0.05) 
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TABLE 2. Free  a m i n o  acid accumula t ions  (nanomoles  pe r  I0  #1 s u g a r c a n e  juice)  in suga rcane  mosaic  virus-  
s t ressed  a n d  weed-s t ressed ,  p r e h a r v e s t  basal  i n t e rnodes ,  1986. 

Free amino acid WFH WFV WH WV -+ SD 

Alan ine  796.5  a 414 .4  b 372.6 b 276.4  b 209.0  
Arg in ine  306.3 a 178.8 b 138.4 b 142.4 b 49.1 
Aspa rag i n e  1,835.5 a 1,580.1 a 1,236.4 b 932.1 b 328.8 
Cyste ine  101.4 a 43.3 b 9.3 c 93 .4  a 8.1 
Glu tamic  acid 216.3 208.8 213.8 176.3 44.3 
Glycine 1,042.2 a 898.5  ab 681.4  ab 541.3 b 486.2  
His t id ine  120.2 a 74.6 b 66.1 b 60.2 b 15.2 
Isoleucine  117.5 a 88.4 b 73.8 b 41.4 c 26.3 
Leuc ine  66.8 a 43 .0  b 39.8 bc 23.1 c 11.5 
Lysine 26.6 a 21.1 a 12.9 b 7.5 b 6.7 
Me th ion i n e  24.7 a 24 .4  a 13.8 b 6.7 c 7.1 
Pheny la lan ine  45.5 a 28.4 b 28.0 b 12.6 c 6.8 
Pro l ine  1,167.8 a 1,136.0 a 650.2  b 1,066.3 a 109.2 
S e r i n e t  1,516.3 a 1,067.3 b 763.6  b 399.6 c 264.2 
T h r e o n i n e  156.8 a 104.5 b 77.6 bc 49.4 c 40.2 
Ty ros in e  407.9  bc 455.7  ab 462 .4  a 404 .8  c 49.8 
Valine 244.5 a 198.0 ab  155.8 b 87.0 c 62.5 

T o t a l t  8 ,192.8 a 6 ,565.5  b 4 ,996.0  c 4 ,390 .4  c 997.7  
T o t a l - - s e r i n e t  6 ,676.5 a 5 ,498.2 b 4 ,232.3  c 3 ,920.9  c 841.4  

Means on rows followed by different letters are significantly (P < 0.05) different according to DMRT. Standard deviations 
were calculated across all treatments for each FAA. WFH = weed-free healthy. WFV = weed-free sugarcane mosaic-infected. 
WH = weedy healthy. WV = weedy sugarcane mosaic virus-infected. 

1" Serine was confounded with glucosamine during HPLC analysis so results for serine and total free amino acids may not 
be accurate. 

free alanine, arginine, asparagine, glycine, 
histidine, isoleucine, leucine, lysine, me- 
thionine,  phenylalanine,  threonine ,  valine, 
and total FAA, respectively, than W F H  
cane. WFV cane accumulated 48, 42, 38, 
25, 33, and 18% less (P =< 0.05) free ala- 
nine, arginine, histidine, isoleucine, thre- 
onine, and total FAA, respectively, than  
W F H  cane. WV cane had 41, 53, 46, 64, 
73, 53, 56, and 29% lower (P =< 0.05) as- ~ 35o0 
paragine,  isoleucine, leucine, lysine, me- 

"~ "3 3ooo 
thionine,  threonine,  valine, and  total FAA 
levels, respectively, than  WFV stalks. FAA 2~00 
accumulations followed the o rder  W F H  >_- ~ ~ 
WFV >= W H  _>-- WV (Table 2). P. zeae den- ~ ~ ~ooo 
sities on sugarcane were significantly and 15oo 
positively correlated with glutamic acid (r =~ % 
= 0.52, P = < 0.05) and histidine (r = 0.45, ~ ~ooo 
P = < 0.05), and Meloidogyne spp. numbers  ~ ~ ® L 500 
with total FAA (r = 0.44, P =< 0.05). ~ ~ 

A significant interact ion (P _-_ 0.001) be- 0 
tween the weed and SCMV stress factors 
detected for free cysteine levels followed F~G. 3. 
the scheme W F H  >_- W H  but  WFV _-< WV, 
and WV >_- W H  but  WFV < W F H  (Table 
2). T. annulatus numbers  were correla ted 
with free cysteine (r = 0.59, P =< 0.0006) 

(Fig. 3), and Criconemella spp. and total 
parasitic nematode  populat ions followed a 
similar t rend.  

D I S C U S S I O N  

Weed effects on nematode populations: Only 
CriconemeUa and nonparasit ic nematodes  
f rom interstool gaps were favored by weed 
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Corre la t ion  o f  p r e h a r v e s t  1986 Tylencho- 
rhynchus annuIatus n u m b e r s  with f ree  cyste ine  accu- 
mula t ions  in weed- f ree  hea l thy  (WFH),  weed- f ree  sug- 
a r cane  mosaic  v i rus- infec ted  (WFV), weedy hea l thy  
(WH), and  weedy suga rcane  mosaic  v i rus- infec ted  
(WV) suga rcane  (r = 0.59,  P < 0.0006).  
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growth. Weeds did not appear to act as 
reservoirs to the o ther  phy tophagous  
species. Weed effects may have been par- 
tially obscured, however, because weed 
biomass declined under cane canopy clo- 
sure. Criconemella spp., P. minor, P. zeae, and 
total phytophagous nematode infestations 
on the sugarcane were greater than WF 
gap populations. The season-long time lag 
described by Baird and Bernard (5) for 
nematode population trends was evident 
for T. annulatus on W and WF sugarcane 
and W gap populations of CriconemeUa spp., 
R. reniformis, P. minor, P. zeae, T. annulatus, 
and total phytophagous nematodes. 

More Criconemella spp., P. minor, T. an- 
nulatus, and nonphytophagus nematodes 
were found on the ratoon crop than on 
either the W or WF gaps. Although P. zeae, 
hosted by many weed species (35), in W 
plots did not differ between gaps and sug- 
arcane, P. zeae in WF plots was more abun- 
dant in the sugarcane rhizosphere than in 
WF gaps possibly because of weed-induced 
stress-related reductions of sugarcane FAA. 

Interactions among weeds, SCMV, nema- 
todes, and FAA: The weed-virus stress com- 
binations variously affected FAA accu- 
mulat ion.  Our  results suggest tha t  T. 
annulatus, Criconemella spp., and total plant- 
parasitic nematode levels may be related 
to cysteine fluctuations. Information on the 
role of cysteine in nematodes is sparse. Re- 
search has indicated that nematodes orient 
toward some root exudates (11,12,34). To- 
mato root exudates, which are attractive 
to phytophagous nematodes in the soil (10), 
have been shown to include glutamic acid, 
alanine, aspartic acid, serine, valine, phe- 
nylalanine, and cysteine. Rogers (43) found 
that, while some phytophagous nematodes 
excrete cysteine, others may retain it. 

Although drought stress has been shown 
to increase FAA in plants (7,44,50), the 
competitive effect of  weeds in SCMV-free 
sugarcane resulted in the reduction of FAA 
levels and nematode populations. Virus-in- 
fected plants have been observed to harbor 
lesser (23,28) or greater (13,48) nematode 
populations and to reduce (16), increase 
(1,17,33), or fail to affect (22) FAA accu- 

mulation. Nematodes with different feed- 
ing habits affect host plant FAA levels dif- 
ferently (19,25). Nematode-induced stress 
may cause changes in host plant physiol- 
ogy, which subsequently mediates suscep- 
tibility to other pests (39). In sugarcane, a 
significant weed-virus interaction was ob- 
served for free cysteine concentrations that 
were correlated with T. annulatus infesta- 
tions. 

Our study showed that weeds did not 
serve as reservoirs for phy tophagous  
nematodes, with the exception of Cricone- 
mella spp. Weed-induced and SCMV-in- 
duced sugarcane stresses were found to in- 
fluence FAA accumulations which were 
positively correlated with phytophagous 
nematode populations. We conclude that 
nematode population dynamics were influ- 
enced by factors other than initial infes- 
tation levels and the direct effects on the 
crop. These factors involved species-de- 
pendent interactions with weed-induced 
and SCMV-induced stress-related changes 
in host plant FAA accumulations. 
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