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Abstract: T h e  d i s t r i bu t ion  and  densi ty  of Pratylenchus minyus and possible re la t ionsh ips  of 
several e n v i r o n m e n t a l  components ,  i n c l u d i n g  a m m o n i u m  ni t ra te ,  were inves t iga ted  in a whea t  
field in South Aust ra l ia .  Seasonal va r ia t ion  as measured  every 2-4 weeks was e l im ina t ed  from the  
observat ions  by per iodic  regression. Corre la t ion  and regression analyses were then used to 
invest igate  the associat ion of host p lan t ,  ra infal l ,  t empera tu re ,  anti  the ftntgus Gaeumannomyces 
graminis with  P. minyus. Othe r  t h a n  seasonal  effects, soil mois tu re  and  G. graminis were the 
only components  associated wi th  P. minyus. A m m o n i u m  n i t r a t e  usual ly  was correlated wi th  
fewer P. rninyus in  whea t  roots. Much h ighe r  numbers  of P. minyus were observed in seminal  
than  in crown roots of wheat .  Key Words: Gaeumannomyces graminis, seasonal  var ia t ion ,  
a m m o n i u m  ni t ra te ,  crown roots, semina l  roots, p o p u l a t i o n  dynamics.  

Previous studies dealing with the influ- 
ence of environmental  factors on plant and 
soil nematodes under  field conditions 
indicate that soil moisture is a major  factor 
(16, 18, 19, 27). Inorganic fertilizers, soil 
type, soil pH, salinity, cation exchange 
capacity, oxygen, and the dominant  vegeta- 
tion are also impor tant  (9, 11, 12, 14, 16, 
27, 18, 27, 28). 

Many investigations dealing with the 
effects of environmental  factors on 
nematodes have been conducted in the 
laboratory. These experiments helped to 
formulate hypotheses as to what may occur 
in the field. However, in the field, variables 
may vary independent ly  or together to 
produce a particular result (15). 

T h e  first objective of this study was to 
identify factors responsible for variations 
in the number  of Pratylenchus minyus Sher 
and Allen in a wheat field when no disease 
symptoms were present. Observations were 
also made on the influence of NH4NOa on 
P. minyus, since there are reports that 
nitrogen compounds possess nematicidal 
properties (5, 21, 22, 28, 24). T h e  numbers 
of P. minyus in crown and seminal roots 
were also noted. 

MATE RI AL S  AND M E T H O D S  

Environmental study: A 0.8-ha wheat 
field at Cooke Plains in South Australia was 
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sampled on 33 occasions at 2-4 week 
intervals from l0 January  1970 to 14 
January 1972. Plants were removed from 
soil to a depth  of 30 cm. Eight sites 
(replicates) within the field were sampled at 
each sample date. Five plants were collected 
from each site, placed in a plastic bag, and 
taken directly to the laboratory. T h e  root  
systems of five plants were utilized for 
immature  plants, but  only portions of root  
samples were used from mature  plants. 
Between wheat crops, rotat ion crops such 
as t imothy and alfalfa were sampled in a 
similar manner.  

Tops  of plants and washed roots were 
weighed. Root  samples were stained in 
0.15% cot towblue lactophenol at 52 C for 
12 h and examined at 50-100X under  a 
stereomicroscope. Pratylenchus minyus and 
Gaeumannomyces graminis (Sacc.) Arx and 
Olivier var. tritici J. Walker  [ = Ophiobolus 
graminis (Sacc.) Sacc.] were the dominant  
nematode and fungal species infecting the 
wheat roots. T h e  lengths of fungal hyphae 
were measured in stained roots in order to 
have data that could be analyzed statistically 
and obtained concomitantly with the 
nematode counts. 

T h e  following environmental  factors 
were measured: (i) plant weight (PW), (ii) 
rainfall (RAIN), (iii) temperature  range 
(TR), (iv) mean temperature (MT),  and (v) 
lengths of fungal hyphae (FUN). A square- 
root transformation was applied to the 
plant-weight data because a quadrat ic  
relationship existed between the plant  
weight and nematode data. Rainfall  was 
recorded at a weather station 6 km from the 
field site. Daily rainfall  values were con- 
verted to log~0 (x + 1), and the 30-day 
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period prior  to sampling was divided 
arbi trar i ly into 10-day intervals. T h e  sum 
of the values for the first 10-day interval 
was mul t ip l ied  by 1/6, the middle  10-day 
sum was mul t ip l ied  by 1/3, and the 
10-day sum pr ior  to sampling was multi-  
plied by 1/2, a calculation which gave more  
weight to ra in  occurring nearer  to the 
sampling time. T e m p e r a t u r e  ranges and 
mean temperatures for each 30-day period 
were recorded at the weather  station. 
Fungal hyphae measurements  and nematode  
counts were converted to log10 (x + 1). 

Influence of NH4NO~ on Pratylenchus 
minyus: A 0.45-ha plot  adjacent  to the 
environmenta l  site was treated with 
NH4NO~ at 0, and 44.8 kg of N / h a  appl ied 
in bands at p lant ing  t ime in early Ju ly  
1971. The re  were six replicates in a 
randomized design. Whea t  plants were 
collected every 2 weeks from September  10 
to December 1 and procesed for nematodes 
in the same manner  as described in the 
environmenta l  study. 

A modification of the vertical migrat ion 
technique (25) was utilized to study the 
effect of NH4NO~ on nematode movement .  
Plastic tubes 0.5 cm in diam. and 2 cm long 
were covered with but ter  muslin at one end 
and filled to a depth  of I cm with sterile 
sand (of particle size 150-250/~m) which had 
been treated with NH~NO~ at 0 or 40 ~g 
N /gm.  T h e  covered ends were immersed in 
sterile water of p H  7 at 20 C in individual  
concave blocks arranged in a randomized 
design with five replicates. Approximate ly  
100 P. minyus were pipet ted onto the upper  
surface of the sand in each tube. T h e  
percentage of nematodes migra t ing through 
the columns was determined at 2, 4, 8, 12, 
and 24 h. At 24 h, the nematodes remaining 
in the tubes were counted. 

Distribution of Pratylenchus rninyus in 
crown and seminal roots of wheat: T h e  
number  of P. minyus in the crown and 
seminal roots of wheat  in a 0.25-ha plot  
adjacent  to the environmenta l  site were 
recorded at 2-week intervals from 10 
September 1971 to 1 December  1971. T h e  
soil contained 90% sand, 1% silt, and  9% 
clay in the top 30 cm, and the average 
seeding depth  of 5 cm facilitated separation 
of the two root  systems. T h e  sampling 
procedures and t rea tment  of samples were 

similar to those described for the environ- 
. menta l  study. 

R E S U L T S  

Correlat ion and regression analyses were 
used to examine the influence of the 
environmenta l  variables on the numbers  of 
P. minyus (NEM). T h e  following regression 
equat ion was calculated: 

N E M  ~ 3.505 + 0.124 PW -- 0.072 T R  
[1] 

However,  all the variables were significantly 
influenced by a periodic or seasonal com- 
ponent  fluctuating with t ime in a similar 
fashion. Therefore ,  a second-degree 
harmonic  curve was used to adjust for the 
seasonal influence (20). T h e  coefficients for 
the harmonic  curve were estimated by least 
squares methods: 

N E M  -- 2.383 -- 0.841 sin (0.0172 
T I M E )  -- 0.158 cos (0.0172 T I M E )  
-- 0.368 sin (0.0344 T I M E )  -- 0.007 
cos (0.0344 T I M E )  

[2] 
T h e  estimated curve and the observed 
nematode data are shown in Fig. 1. T h a t  
par t  of an observation not explained by the 
harmonic  curve (i.e. the residual) was the 
adjusted data (superscript I). T h e  regres- 
sion equat ion  based on adjusted data was: 
N E M  1 = -- 0.162 FUN l + 0.118 R A I N  1 [3] 

T h e  residual mean square for equat ion [3] 
was 0.1297, and  the s tandard errors were 
0.093 for the FUN 1 coefficient and 0.051 for 
the R A I N  1 coefficient. 

Equat ion [3] indicated that  soil mois- 
ture, as determined by rainfall ,  influenced 
the popula t ion  fluctuation of P. minyus. A 
negative relat ionship existed between the 
number  of nematodes and G. graminis. 

T h e  NH4NO8 treatments suppressed the 
reproduct ion of P. minyus in wheat  roots 
and their  mobil i ty  in the soil tubes (Tables 
1 and 2). Nematodes  were much  more  
concentrated in seminal roots and average 
densities were often 10 times greater  in 
seminal  roots than  in crown roots (Table  
3). 

DISCUSSION 

Plant  weight was the major  component  
pr ior  to adjus tment  of the data, a factor 
which was expected since P. minyus is an 
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FIG. 1. Log numbers  of nematodes (x) and expected values (--), as de te rmined  by a second degree 
harmonic  (equation 2), p lo t ted  against t ime per iod of 10 January  1970 to 14 January  1972. 

obligate plant-parasite. However, the plant- 
weight data were closely associated with the 
harmonic curve (Fig. 1) and adjusting the 
data for seasonal effects also removed much 
of the influence by the plant. This  
procedure facilitated examinat ion of other  
variables whose influence on P. minyus may 
not have been as apparent  as that of the 
host plant. Approximately 72% of the total 
variance of the nematode populat ion was 
accounted for by the periodic component,  
and it was assumed that the second-degree 

TABLE I. Effects of NH~NO 3 appl icat ion on 
numbers  of Pratylenchus minyus in wheat  roots. 

Sample date Nit rogen t reatments  a 
1971 (kg N/ha)  

0 44.8 

Sept. 10 1,230 b 1,122 ~ 
Sept. 23 1,738 1,259 
Oct. 7 1,479 1,549 
Oct. 21 1,950 955* 
Nov. 4 2,138 1,175" 
Nov. 18 2,455 1,349 
Dec. 1 1,329 955 

=Asterisk (*) indicates a significant difference (P = 
0.05). 
bEach nematode  value is based on the sum of  five 
plants  and is the geometric mean of six replications. 

TABLE 2. Percentage of Pratylenchus minyus 
migrat ing through sandy soil t reated with NH4NO~. 

NH4NO:~ treatments" 
(#g N/gin  of soil) 

T ime  (h) 0 40 

2 2.3 2.3 
4 31.5 19.0" 
8 57.1 46.5** 

12 66.3 58.3* 
24 73.2 76.2 

"Percentage data  subjected to angular  transforma- 
tion; each value is the mean of  five observations. 
Asterisks *, ** indicate a significant difference at 
P = .05 and .01, respectively. 

harmonic curve adequately represented the 
seasonal effect. T h e  regression equation, 
based on the adjusted data, indicated that 
rainfall and G. graminis influenced P. 
minyus, but  only for about  15% of the 
variance. Also, 15-20% of the between-tinle 
variation in the NEM variable was not 
accounted for by the environmental  varia- 
bles used here. 

Soil moisture, as determined by rainfall, 
significantly influenced populat ions of P. 
rninyus. T h e  numbers of nematodes were 
highest at approximately days 310 and 690 
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TABLE 3. The number and concentration of Pratylenchus minyus in crown roots (CR) and seminal 
roots (SR) of wheat at Cooke Plains. 

Sample Fresh weight Number of 
date in gm a nematodes b Nematode density ~ 

CR SR CR SR CR SR 

Sept. 10 5.3 1.5 252 867 57 622 
Sept. 23 8.7 1.6 469 948 64 657 
Oct. 7 9.3 0.9 591 705 78 981 
Oct. 21 8.5 1.6 380 891 48 619 
Nov. 4 5.2 0.9 576 851 120 1,254 
Nov. 18 6.0 0.4 944 624 194 1,503 
Dec. 1 4.1 0,2 938 146 242 815 

aEach value is the arithmetic mean of 12 observations in sets of 5 plants. 
~Nematode values are geometric means of 12 observations. 
L'Densities are derived from dividing nontransformed nematode values by 

when  soil  m o i s t u r e  t ens ion  was a b o u t  2 
bars,  a n d  lowest  in  m i d - s u m m e r  at  days  70 
a n d  430 w h e n  soil  m o i s t u r e  t ens ion  was 
a b o u t  100 bars  (Fig.  1). Kab le  a n d  M a i  (13) 
showed tha t  u n d e r  soil  mo i s tu re  cond i t i ons  
of  115 bars,  r e p r o d u c t i o n ,  r o o t  invas ion ,  
a n d  surv iva l  of  Pratylenchus penetrans were  
g rea t ly  suppressed .  

A nega t ive  r e l a t i o n s h i p  ex i s ted  be tween  
P. minyus and  G. graminis. W i l l i a m s  (26) 
obse rved  t ba t  p o p u l a t i o n s  of  the  cereal  cyst 
n e m a t o d e ,  Heterodera avenae, fell  when  G. 
graminis was p r e v a l e n t  in  sp r ing  w h e a t  b u t  
inc reased  when  funga l  i n fec t ion  was s l ight .  
Cooke  (2) sugges ted  t ha t  G. graminis 
suppressed  r e p r o d u c t i o n ,  invas ion ,  female  
d e v e l o p m e n t ,  a n d  egg p r o d u c t i o n  of  H .  
avenae in  bar ley .  T h e  associa t ions  of P.  
minyus w i t h  fungi ,  however ,  have  usua l ly  
been  posi t ive .  F o r  example ,  the  presence  of  
P. minyus inc reased  the sever i ty  of  w i l t  in  
p e p p e r m i n t ,  a n d  n e m a t o d e  r e p r o d u c t i o n  
increased  w h e n  Verticillium dahliae was 
p re sen t  (6, 7, 8). B e n e d i c t  a n d  M o u n t a i n  
(1) n o t e d  s igni f icant  suppress ions  in  y ie lds  
of  w i n t e r  w h e a t  as a r e su l t  of  r o o t  rots  w h e n  
P. minyus a n d  Rhizoctonia solani were  
present .  

T h e  d e t r i m e n t a l  effect of  N H , N O 3  
t r ea tm en t s  on  P. minyus ( T a b l e  1) ag reed  
wi th  resul t s  f rom o t h e r  s tudies  in which  
roo t - les ion  n e m a t o d e s  decreased  in  n u m b e r s  
when  NH4NO3 a n d  o t h e r  n i t r o g e n  com- 
p o u n d s  were  a p p l i e d  (22, 23). N i t r o g e n  is 
t h o u g h t  to act  i n d i r e c t l y  on  n e m a t o d e s  by  
inc reas ing  the  i nc idence  of  fungi  wh ich  
a t t ack  n e m a t o d e s  (3, 4). Howeve r ,  the  
a p p l i c a t i o n  of  NH~NO3 to the  a l k a l i n e  soil  

appropriate root weight. 

( p H  8.0) a t  Cooke  P la ins  w o u l d  increase  the  
NH~ c o n t e n t  in  the  soil .  A m m o n i a  has 
n e m a t i c i d a l  p r o p e r t i e s  (5, 21, 23, 24) a n d  
even smal l  a m o u n t s  in  soil  c o u l d  h i n d e r  
n e m a t o d e  m o v e m e n t ,  as m i g h t  have  been  
the case in  the  soil  tubes  ( T a b l e  2), w i t h  
subsequen t  i n h i b i t i o n  of  r o o t  invas ion .  

N e m a t o d e s  were  m u c h  m o r e  concen-  
t r a t ed  in  s emina l  roo t s  w h i c h  d e v e l o p e d  
be fore  c rown roo t s  a n d  were  i n v a d e d  first 
by  P. minyus ( T a b l e  3). W i l l i a m s  (26) 
f o u n d  m a n y  m o r e  H. avenae i n  s e m i n a l  
roo ts  of  s p r i n g  w h e a t  t h a n  in  the  r e m a i n d e r  
of  the  roo t  system. Se mina l  roo ts  have  
g rea te r  phys io log ica l  ac t iv i ty  t h a n  c rown 
roots  in  cereals (I0) a n d  a p p e a r  to be  a 
p r e f e r r e d  si te for  n e m a t o d e  invas ion  a n d  
r e p r o d u c t i o n .  

T h e  ob jec t ive  was to i d e n t i f y  several  
key e n v i r o n m e n t a l  factors  i n f l uenc ing  P. 
rninyus in  wheat .  A l t h o u g h  e q u a t i o n  [3] 
was no t  tes ted w i t h  a n o t h e r  set of  da ta ,  the  
a p p r o a c h  used h e r e i n  shou ld  be  usefu l  i n  
f o r m u l a t i n g  p r e d i c t i ve  mode l s  for  n e m a t o d e  
p e s t - m a n a g e m e n t  a n d  adv i so ry  p rograms .  
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