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Morphometr i c  Varia t i on i n  Aphel enchus avenae 

Bas t i a n ,  1865 w i th Va r i e d  Nutrit i on and Ti me 

Abstract: The effect of va r ied t i me ,  nut r i t i ona l med i a ,  and spec i es 

of fungus on taxonomi c  cha racters (L, a ,  b1, c ,  and V) of Aphe l e nchus 

avenae was i nves t i gate d .  The effect of these eco l og i ca l  condi t i ons 

on mo rphometr i cs was va r i ab l e; however, these characters va r i ed s i gn i f

i cantl y with i ncreased t i me ,  decreased nut r i t i onal medi a ,  and spec i es 

of fu ngus . The greatest numbe r of morphometr i c  changes occurred w i th 

i ncreased t i me ,  and the fewest w i th species of fungus . W i th chang i ng 

envi ronmental condi t i ons, 11\J" va l ues were the most s ta b l e  character. 

Va r i a t i on has been found i n  the mean de Man values ( a ,  b1, c, 

and V) and mod i f i cat i ons the reof for Aphel enchus avenae Bas t i an,  1865 

w i th a l tered tempe ratu re, k i nd of fungus u t i l i zed for food, and type 

of nut r i t i ona l medi a used for fungal cu l tu re (Monoson, 1971; P i l l a i  

and Tay l o r ,  1967) . Evans and F i s he r  (J970b) have shown that mean body 

l ength of A .  avenae popu l a ti ons may vary s i gn i f i cant l y  w i th t i me as 

they a re ma inta i ned on a g i ven fungal cu l tu re .  These authors s ugges ted 

that th i s  was a resul t of a decrease i n  the quant i ty of ava i l ab l e  food, 

concomi tant w i th i ncreased popu l a t i on s i ze .  They also suggested that 

popu l a t i on s i ze was rel ated to length i n  that egg p roduct i on took 

precedence in nutr i ent uti l i za t i on ove r b ody t i s s ue bu i l d i ng. 
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Th i s  s tudy was a n  attempt to eluc i date the effect of decreased 

nut r i ents on body length and de Man va l ues of A. avenae, and to com

pare these changes w i th changes due to i ncreased time and ut i l ization 

of a fungus on wh i ch nematodes grew poo r l y .  

MATERIALS AND METHODS 

A populati on of Aphelenchus avenae growi ng on Pyrenochaeta 

te rres t ris (Hansen) Gorenz, Walker and Larson a t  1/4 strength Potato 

Dextrose Aga r ( PDA) was obtai ned from the Plant Pa thology Depa rtment 

at the Un i vers i ty of Il l i nois . A s i ngle female f rom th i s  popu l a t ion 

was surface-ster i l i zed w i th phenyl mercury aceta te ( Peacock, 1959) 

a t  0 . 227 g/l i ter for 10 seconds, transferred through two succes s i ve 

washes of s ter i l e, dis t i l l ed wa ter,  and t ransferred to the s i de of 

a p l a te conta i n i n g 1/4 strength PDA (conta i n i ng 9 .75 g D i feo PDA and 

15 g Carolina Supply Co. agar per l i te r  of d i s t i l l ed water) on wh i ch 

a sma l l  pl ug off_. terres t r i s  was grow i ng.  The cloned popul at ion 

from th i s  fema l e  was ma i nta i ned for 28 days in an i n cubato r at 28° C 

and i n  con s t ant darkness , after which samp l es were taken for i nnocu la

t ion to expe r i mental cu l tures . 

Pyrenochaeta terres tr i s  and Aspergi l l us n i dul ans (E i dam) W i n ters 

were chosen for exper i mentat ion . Aspe rg i l l us n i dulans (soma t i c d i pl o i d  

stra i n) was obta i ned from the botany depa rtment a t  Eastern 111 i noi s 

Uni vers i ty .  Nutri tional medi a used were fu l l  and 1/10 strength PDA 

( D i feo) and dist i l led-water agar (Carol i na) . Al l nut r i tional med i a  

were at ful 1 agar strength . Fungi were main ta i ned for n i n e  days a t  

i dent i ca l  nut ritiona l and cul tural cond i t i ons as those to be used i n  

exper i mentat ion .  



The day before nematode i nocu l at i on ,  fungal i nocu l a t i on pl ugs 

were cut from the s i de of act i ve l y  g row i ng cul tures w i th a ster i l e  

8 mm di amete r cork bo rer and transferred face up to the center of 

92 mm d i ameter Petri p lates wh i ch conta i ned experi mental med ia . 

F i fteen pl ates of each nutri t i onal combi nation were used. F i ve 

fema l e  nematodes from the cl oned popu l at ion were then transferred 

to each experi menta l cu l ture by the s ter i l i z i ng method prev i o us l y  

des cri bed. 
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F i ve fema l e  nematodes were transferred to f i ve repl i cate p l a tes 

of every nutr i t i onal med i a ,  but w i thout fung i ,  as a check on the 

effects of starvati on. These p l ates were ma i nta i ned s i mul taneous l y  

w i th other experi menta l cu ltures . F i fteen p lates of every nutri t ional 

base were ma inta i ned w i thout nematodes, to determi ne i f  nematode pres

ence had a measurabl e effect on fungal co l ony d iameter. Al l cu l tu res 

were mai nta i ned under cond i t i ons descri bed above . 

Speci mens of Aphel enchus avenae were extracted, counted, and 

measured from f i ve plates of each nutr i ti ona l base at the 9th, 18th, 

and 40th days after i nocu l a t i on. A l l funga l col ony d i ameters were 

measured at the 6th day ,  as well as at  other t i me periods . Fungal 

co lony d iameters were measured to determ i ne the i r  rel ation to nutri 

t i on ,  nematode l ength , and as a quant i ta t i ve measure of nematode pres

ence on fungal cu l tures . Measu rements of funga l ·  col ony d i ameters we re 

obta i ned by averaging two measurements taken at 90° ang l es to each 

other. S i nce funga l growth on water agar nutr i t ion was so spars e ,  

the only pract i cal means of determi n i ng fungal col ony d i a meters was 

by 1 i ght  di ffraction. Fungal co lony d i a meters at  other nutr i ent 

strengths were measured unde r magn i fi cation of a d issecti ng m i croscope . 



Extraction of nematodes and �oun t i ng methods were a mod i fi ca t i on 

of those desc r i bed by Monoson (1968) . For extract ion , onl y two l ayers 

of K i rrwipes (d i sposable w i pers manufactured by Ki mberly-C l a rk Corp.) 

were used to suspend nematodes, fun g i ,  a.id med i a  i n  jars of wa te r .  Th i s  

suspens ion was s t i rred and fl ushed a t  two-hour i ntervals beg i n n i ng at 

12 hours and endi n g  at 24 hours . Nema todes to be counted were pl aced 

i n  Pet r i p l ates marked i nto 164 equal squa res . D i l ut i ons of samp l es 

conta i n i ng nematodes were made a t  the 40th day after i nocu l a t ion so 

tha t fewe r than 2,500 nema todes were counted per d i sh . 

After count i ng, nematodes were relaxed by heating, k i l led,  

f i xed, an d measured. Heat re laxa t i on was done by p l a c i n g  nematodes 

i n  a covered pl exigl ass d i sh  wh i ch conta i ned three drops of d i s t i l l ed 

water; th i s  d i s h  was then placed i n  an oven a t  70° C for 2 1/2 m i n utes . 

Except ions were nematodes a t  the 18th and 40th days after i nocu l a t ion 

cul tured on Pyrenochaeta terres t r i s  a t  ful l s t rength PDA, wh i ch d i d  

not heat rel ax un t i l  3 and 4 m i n utes , respecti ve l y .  Nema todes were 

then k i l l e d  in 5 percent formal in, and 12 hours l a te r ,  f i xed pe rma

nentl y i n  succes s i ve l y  st ronger concen tra t i ons of FAAGO (Formal i n-

5ml; 50 pe rcent ETOH-90ml ; Acet i c  ac id-2m l ;  G l yce r i ne-1 . 5ml ; Osm i c  

aci d-few drops) . S tandard taxonomi c measurements of nematodes (11L11, 

11a11, 11b11, 11c11, and 11V11) were to be used (Hech l e r ,  1962; Goodey and 

Hooper, 1965; Monoson, 1971) ; however, poor s t a i n i ng of the upper 

d i ges t i ve tract neces s i tated subs t i tu t i on of the 11b1
11 ra t i o  ( Goodey 

an d Hoope r ,  1965; Pi 1 l a i  and Tayl o r ,  1967) for the 11b11 rat io. 

Data f rom pl ates of i den t i cal nut r i t i on and t i mes were comb i ned. 

D i fferences be tween means of taxonom i c  characters and of popul a t i ons 

ra i sed w i th va r ied  t i me and n u t r i t i on were anal yzed s ta t i s t i ca l l y  by 



the 11t11 test .  Mean fungal co lony d i ameters were also recorde d ,  but 

were not analyzed stat i s t i cally . 

RES UL TS 

Taxonomi c  characte rs ,  (Tables 1 and 2) , total popu l ati ons 
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(Table 3), and fungal colony d i ameters (Tab l e  4) var i e d  w i th altered 

t i me and nutr i t i on .  Cal cu l ations us i ng the "t" test i nd i cated s i gn i f

i cant d i fferences (P< 0 . 05) between means of taxonom i c  characters and 

total populat ions ( Tables 5-12) . 

Taxonom i c  characte rs var ied  between populations g rown under 

d i ffe rent cultural cond i t i ons; howeve r ,  the 11V11 val ue var i ed l east .  

Of a poss i b l e  200 s i gn i f i cant d i ffe rences i n  l ength and ratios w i th 

altered t i me, nutr i t i onal me d i a, and hos t fung i ,  vari at i ons occurred 

i n  "L" 27 t i mes, i n  the "a" rat i o  20 t i mes, i n  the 11b111 ratio 24 t i mes , 

i n  the 11c11 r atio 15 t i mes, and i n  the 11V11 value 6 t i mes ( Tables 1, 2, 

and 5-9) . 

The effect of alte red e cologi cal con d i t i ons on length and ratios 

was not al ways the s ame. Taxonomi c characters var i ed mos t frequently 

w i th i nc reased t ime, less w i th nutr i ti onal med i a, and least w i th species 

of host fungus (Tab l es 1,  2, 5-9) . Of the s i gn i fi cant d i ffe rences wh i ch 

res ulted from i ncreased t i me ,  decreases occurred. i n  11L11 1 1  of 12 t i mes, 

and i n  the 11b111 and 11c11 rat i os 8 of 9 t i mes . The 11a11 rat i o  i ncreased 

i n  10 of 11 vari ations . The 11V11 value var ied  s i gn i fi can tly tw i ce .  Wi th 

decreased n utri t ional med i a ,  decreases occurred i n  11L11 11 of 13 times , 

i n  the 11a11 rat i o  3 of 5 t i mes, and i n  the "b ," rat i o  11 of 13 times . 

The "c" and 11V11 val ues var i ed tw i ce .  



Table 1 .  Change in taxonomic characters of Alphe l enchus avenae populations cultured on Pyrenochaeta 

terres tr is  using diffe rent strengths potato dextros agar and va r i e d  time periods . 

Days a fte r 

I no cu 1 at ion 

Ful 1 Strength PDA 

9 Days 

18 Days 

40 Days 

1/10 Strength PDA 

9 Days 

f8 Days 

40 Days 

Wate r Agar 

9 Days 

18 Days 

40 Days 

* Characters: a 

length (JJ) a* b1* 

(N) Mean ± SD Mean ± S D  Mean ± S D  

(42) 755 ± 62 24 ± 2. 9 8 . 9  ± 0 . 9  

( 47) 65 5 ± 51 27 ± 2. 3 8 . 2  ± 0 . 9  

(50) 665 ± 47 28 ± 2 . 2  8 . 3  ± 0 . 6  

(44) 665 ± 39 22 ± 2 . 6  8 .  1 ± 0 . 6  

(33) 590 ± 60 28 ± 3 . 2  7 . 3  ± 2.0 

(�8) 625 ± 68 26 ± 3 . 2  7,5 ± 0 . 8  

(33) 610 ± 45 24 ± 1 . 7  7 . 2  ± 0 . 5  

(26) 550 ± 31 26 ± 3 .5 7 . 0  ± 0 . 7  

(40) 555 ± 26 29 ± 3 ,3 7 .0  ± 0 . 3  

= length/greatest w i dth 
b1 = l ength/anterior distance to base of median esophageal bulb 
c = length/di stance from anus to ta i l  
v = anterior d i s tance to vulva/length x 100 

c* 

Mean ± SD 

30 ± 3 .  2 

28 ± 2 .0  

29 ± 2.2  

30  ± 2.  7 

28 ± 2 . 6  

28 ± 3 . 1  

30 ± 1 . 9  . 

27 ± 2. 2 

27 ± 1 .  5 

V* 

Mean ± SD 

77. 0  ± 6 . 2  

77. 5  ± 6 . 5  

77,0 ± 2.3  

76. 5  ± 1. 9 

76 . 0  ± 1. 4 

77. 0  ± 2.2 

76. 0  ± 1.2 

77,5 ± s.o 

76 . 5  ± 2. 9 

°' 



Table 2 .  Change i n  taxonomi c  characters of Aphelenchus avenae populations cultured on Asperglllus 

n i dulans us ing d i fferent strengths potato dextrose agar and vari ed t i me per iods . 

Days after Length (µ) a* b1* c* V* 

Inoculati on (N) Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Full St rength PDA 

9 Days (36) 685 ± 64 23 ± 2 . 5  8 . 9  ± 0 . 7  28 ± 4 . 0  76. 0 ± 2 .  3 

18 Days ( 18) 645 ± 54 27 ± 3.1 8. 2 ± 0 . 5  27 ± 2 . 3  77 . 0±3 . 9  

40 Days ( 1) 635 27 7,6 27 77,5 

1/10 Strength PDA 

9 Days (28) 665 ± 70 23 ± 1 .  6 7,9 ± 0. 8 28 ± 2 . 8  74 . 5  ± 2 . 6  

·18 Days ( 2) 550 ± 53 23 ± 3 . 0  7 . 0  ± 0 26 ± 1. 6 78 . 0  ± 1 . 2  

40 Days ( 11) 520 ± 25 24 ± 2.3 6 . 6  ± 0. 3 24  ± 1 .  7 75 . 5  ± 7 . 2  

Water Agar 

9 Days ( 14) 630 ± 57 23 ± 1 .  8 7 . 2  ± 0 . 4  29 ± 1 .  9 75,5 ± 2. 3 

18 Days ( 13) 560 ± 26 26 :t 3 . 0  6 . 6±0.1 28 ± 1 . 4  75,5 ± 1 . 5  

40 Days (50) 560 ± 28 26 :t 1 . 8  7 . 0  ± 0 . 4  26 ± 1.  8 76 . 5 ± 2. 4 

" 

* Characters : a = length/greatest w i dth 
b1 = length/anterio r di stance to base of medi an esophageal b ulb 
c = length/distance from anus to tail 
v =ante r i o r  d i stance to vulva/length x 100 



Table 3 .  Varied nematode population size per plate on Pyrenochaeta terrestris and 

Aspergillus nidul ans at different s trengths Potato Dextrose Agar at varied 

t i me pe r i ods . 

Days after Ful 1 strength PDA 

Inoculation Meant ± S D  

P .  terrestris -

0 5 i: 0 

9 119 ± 83 

18 1'412 ± 868 

40 14 , 661 ± 10,  139 

A .  nidulans 

0 5 ± 0 

9 29 ± 7 . 5  

18 36 ± 23 

40 0 . 6  ± 0 . 5  

*Agar was maintai n ed at ful l  strength 

t Mean of five repl i cate plates 

1/10 strength PDA* Water Agar 
-

Meant ± S D  Meant ± S D  

5 ± 0 5 ± 0 

305 ± 163 78 ± 44 

1 , 079 ± 281 386 ± 102 

2 , 930 ± 885 241 ± 84 

5 ± 0 5 ± 0 

124 ± 67 36 ± 15 

240 ± 191 291 ± 160 

268 ± 332 518 ± 204 

00 



Tab l e  4 .  Variation i n  co l ony diameter {mm) of Pyrenochaeta terrestri s  and Asperg i l l us 

nidulans at di fferent strengths Potato Dextrose Agar at varied t i me periods . 

Days after 

Inocu l at ion 

P. te rres t ri s 

0 

6 

9 

1 8 

40 

A.  n i du l ans 

0 

6 

9 

18 

40 

Fu 1 1  strength PDA 

Mean ± SD {N) 

8 ± 0 (30) 

34 ± 6 . 2  (30) 

44 ± 8 . 2  (30) 

58 
± 

13 (24) 

68 
± 

10 ( 17) 

8 
± 

0 (30) 

88 
± 

5 . 1  (30) 

92t ± 
5 . 2  (30) 

92t 
± 

0 (25) 

92t ± 0 (20) 

*Agar was maintained at fu l l  strength 

t 92 nm was di amete r of pl ate 

1/10 strength P DA* Water Agar* 

Mean 
± 

SD {N) Mean 
± 

SD (N) 

8 ± 0 (30) 8 ± 0 (30) 

34 ± 4 . 0  (30) 47 ± 2.1 (30) 

43 
± 

5 . 0  (19) 68 
± 

2 . 9  (30) 

60 
± 

7. 0 (22) 92t ± 
0 (25) 

67 
± 

8.2 (13) 9tr 
± 

0 (20) 

8 
± 

0 (30) 8 
± 

0 (30) 

84 ± 3 .  7 (30) 60 ± 10 (30) 

82 
± 

6 . 9  (27) 85 ± 5 . 4  (30) 

92t ± 
0 (25) 92t 

± 
0 (23) 

92t ± 0 (20) 921' ± 0 ( 18) 

\..0 
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Tab l e  5 .  Stat i s t i ca l  t val ues of compared means of characters 

of Aphel enchus avenae at di fferent sampl i ng days on 

Pyrenochaeta terrestr i s .  

Cha racterst 9 + 40 days 9 + 18 days 18 + 40 days 

Fu 11  s trength PDA 

Length {,u) 7 . 2** 8 . 2** 1 . 0  

Ratio a 7 . 3** 5 . 4** 2.2 

Ratio bl 3 .  7** 3-7** 0 . 6  

Rati o  c 1 .  7 3 . 5** 2 . 3* 

Rat i o  v 0 . 0  1 .  1 1 . 5  

1/10 s trength PDA 

Length {,u) 3 . 5** 6 .3** 2 . 4* 

Ratio a 6 . 6** 8.8** 3.3* 

Ratio bl 4 . 0** 2 . 2* 0 . 5  

Ratio c 3 . 3** 3 . 3** 0.0 

Rat i o  v 1 . 3  1 . 3  2.4* 

Water agar 

Length ()J) 6 . 2  ** 6 .  1** 0.7 

Ratio a 8 . 3** 2 .  7** 3. 5* 

Ratio bl 2 . 0  1 . 2  0.0 

Ratio c 7 . 4** 5 . 5** 0 . 0  

Rat io  v 0 . 9  1 . 5  0 . 9  

+Characters: a = l ength/greatest w i dth 
bl = l ength/anter i o r  di stance to base of me d i an 

esophageal b u l b  
c = l ength/dis tance from anus to ta i 1 
v = ante r i o r  di stance to vulva/l ength x 100 

* (P< 0 . 05) 
**(P < 0.01) 



Tab 1 e 6 .  Stat i s  t i  ca I t va I ues of ·compared means of cha rac te rs 

of Aphel enchus avenae at d i fferent sampl i ng days on 

Aspergil l us n i dul ans . 

Characters+ 9 + 40 days 9 + 18 days 18 + 40 days 

Ful l strength PDA 

Length (µ) 2 . 4* 

Rat i o  a 4. 8** 

Rat i o  b 1 1 . 2  

Ratio c 1 . 2  

Rat i o  V 1 . 0  

1/10 s trength PDA 

Length (,u) 

Rat i o  a 

Ratio b 1 

Ratio c 

Rat i o  V 

Water agar 

Length (.u) 

Rat i o  a 

Rat i o  b1 

Ratio c 

Ratio V 

t Characte rs: 

* (P < 0 . 05) 
**(P<0 .01) 

9 . 5** 

1. 3 

7 . 4** 

5 . 4** 

0 . 4  

4 . 4** 

5.5** 

1 .  7 

5 .  1** 

1 . 4  

2 . 9** 

0 . 0  

5.9** 

1 .  6 

3 . 6** 

4 . 2** 

3 .  1 ** 

5 . 4** 

1 . 5  

0 . 0  

a = length/greatest wi dth 

0 . 8  

0.4 

4 . 4** 

1 . 6  

1 . 0  

0 . 0  

0 . 0  

6 . 3** 

4 . 3** 

1 . 8  

b1 = l ength/anteri or d i stance to base of med i an 
esophageal bul b 

c = len gth/distance from anus to ta i l  
V = anteri or d i stance to vul va/length x 100 

11 



Table ]. Stat i s t i ca l  t val ues of compared means of characters 

of Aphelenchus avenae at var i e d  nut r i t i onal l evel s  on 

Pyrenochaeta terres tri s .  

12 

Characters t Ful 1 PDA + agar Full + 1/10 PDA 1/10 PDA + agar 

9 Days 

length (.u) 11 . 7** 8 . 0** 5 . 6** 

Rat i o  a 0 . 0  3 . l+** 1 .  8 

Ratio b 1 10. 6** 1 . 8  7 .  1** 

Ratio c 0 . 0  0 . 0  0 . 0  

Ratio v 1. 9 0 . 9  1. 4 

18 Days 

length (µ) 1 0 . 9** 5 .  1 ** 3 . 3** 

Rat,i o a 1.3 1 . 6  2 . 3* 

Ratio b1 6 . 4** 2 . 4* 0 . 8  

Rati o  c 1 . 9  0 . 0  1 . 6  

Ratio v 1.  5 0 . 5  1 . 5  

40 Days 

length (,u) 14 . 1 ** 3. 4** 6 . 6** 

Rat i o  a 1 .  7 3 . 6** 4 . 3** 

Ratio b1 3 . 9** 6.2** 4 . 3** 

Ratio c 5 .  1 *�� 1 . 9  2 . 0  

Ratio v 0 . 8  0 . 0  0. 9 

t Characte rs: a = l ength/greatest w i dth 
b1 = l ength/anterior d i s tance to base of med i an 

esophageal bul b 
c = length/di stance from anus· to ta i 1 
v = anterior d i s tance to vu l v a/ 1 en g th x 100 

* (P< 0 . 05) 
**(P< 0.01) 
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Tab l e  8 .  S tati st i cal t val ues of compared means of characters 

of Aphel enchus avenae at var i ed nutri t i onal l evel s  on 

Aspergi l l us n i d u l ans . 

Cha racterst Fu l 1 PDA + agar Fu 11 + 1 I 10 P DA 1/10 PDA + agar 

9 Days 

Length {µ) 

Ratio a 

Rat io  b1 

Rat i o  c 

Rat i o  v 

18 Days 

Length (,u) 

Rat i o  a 

Rati o  b1 

Rat i o  c 

Rati o  v 

40 Days 

Length (.u) 

Ratio a 

Ratio b 1 

Rat i o  c 

Rat i o  v 

tCharacters; 

* (P<. 0 .OS) 
**(P ( 0. 01) 

13 .O** 1 . 2  1 .  7 

0 . 0  0 . 0  0 . 0  

4 . 8** o . s  3 . 9** 

1. 1 0 . 0  1 . 4  

0 . 7  3 . 8** 1 . 3  

s . 8** 2. 4** 0 . 3  

0 . 9  1 . 8  1 .  3 

13. 3** 10.2** 18 . 0** 

1 . 6  0 . 8  1 .  7 

1 . 5  0 . 8  2 . 7** 

3 . 9** 

2. 7* 

3 . 6** 

3 . 5** 

o.s 

a = length/greatest w i dth 
b1 = l ength/anterior d i stance to base of med i an 

esophageal bulb 
c = l ength/d i s tance from anus to tai l 
V .., anter i o r  d i stance to vul va/l ength x 100 
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Table 9. Statistical t va l ues of compared means of characters 

of Aphel enchus avenae on Aspergi l l us n i d u l ans and 

Pyrenochaeta terrestris. 

Cha racterst 9th day 18th day 40th day 

Ful 1 strength PDA 

Length (AJ) 

Ratio a 

Ratio bl 

Rat i o  c 

Ratio V 

4 . 9** 

1 . 6  

0 . 0  

2.2* 

1 . 0  

0 . 7  

0 . 0  

0 . 0  

1 . 6  

0 . 4  

1/10 strength PDA 

Length (.u) 

Ratio a 

Rati o  c 

Rati o  V 

Water agar 

Length (,u) 

Rat i o  a 

Ratio bl 

Rat i o  c 

Ratio V 

tcharacters: 

* (P< 0 . 05) 
**(P < 0.01) 

0 . 0  

2: .O* 

1. 1 

3 . 0** 

3 .5** 

1 . 2 

1 . 8  

0 . 0  

1 . 6  

0.8 

a = l ength/greatest w i dth 

1 . 0  

2.3* 

0 . 8  

1 . 6  

2 . 3* 

1 .  1 

0 . 0  

2 . 9** 

1. 7 

1. 9 

8 . 5** 

2 . 4* 

6. 1 ** 

5 . 9** 

0 . 7  

0.9 

5. 2** 

0 . 0  

2 . 9** 

0 . 0  

bJ = l en gth/anterior d i stance to base of med i an 
esophageal bu l b  

c =l ength/di stance from anus to tai l 
d = anteri or d i stance to v'u l va/l ength x 100 
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Tab l e  10. S tatis ti cal t val ues of compare d means of nematode popu-

l ation size per pl ate at varied times on Pyrenochaeta 

terrestris and Asperg i l lus n i du l ans . 

Nutrition 

Pyrenochaeta terres tri s 

Fu l l  s trength PDA 

1/10 s trength PDAt 

Water agart 

Aspergi l lus n i du l ans 

Fu l l  s trength PDA 

1/10 s trength PDAt 

Water agart 

tAt ful  1 agar strength 

* (P < 0.05) 

**(P < 0.  01) 

9 + 40 days 9 + 18 days 

3.2 * 3.3 * 

6.5 ** 5.3 ** 

3 . 9  ** 6 2 ** . 

8 . 4  ** 0.6 

0.95 1 . 3  

5.3 ** 3 . 6  ** 

18 + 40 days 

2.9 * 

4.5 ** 

2 . 4  * 

3.4 ** 

0.2 

1. 96 



Table 11. Statisti cal t values of compared means of nematode 

population s i ze per plate at varied nutr i t ion  on 

Pyrenochaeta terrestri s  and Aspe rg i l l us nidul ans. 

Ti mes after 

Inoculation 

Pyrenochae ta 

9 days 

18 days 

40 days 

Aspe rgi l lus 

9 days 

18 days 

40 days 

terrestr i s  

n i dulans 

t At ful 1 agar strength 

* (P< 0 . 05) 

**(P < 0 . 01) 

Ful l  PDA 

and aga rr 

0 . 98 

2 . 63* 

3 .  18* 

0.93 

3 . 53** 

5 . 67** 

Fu 1 1 and 

1/ 10 PDAt 

2 . 27 

0 . 82 

2 . 58* 

3 .  15* 

2.37* 

1 . 80 

1/10 P DAt 

an d agart 

3 . 01* 

5. 18** 

6 . 76** 

2 .87* 

0 . 46 

1.43 

16 
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Tab l e  12. S tat i st i ca l  t va l ues of compared means of nematode 

popu l at i on si ze per pl ate on Pyrenochaeta terrest r i s  

and Asperg i l l us nidul ans . 

Nut r i t i on 

Ful l strength PDA 

1/10 st rength PDAt 

Wa ter agart 

t A 11 ful 1 agar strength 

* ( P<0 . 05) 

**( P  < 0. 01) 

9 days 

2 . 41* 

2. . 30 

J.02* 

18 days 40 days 

3 . 54** 3.23* 

5 . 52** 6. 30** 

1. 12 2 . 81* 
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Taxonomi c  changes d i d  not occur i n  d i rect propo rtion to decreased 

nutri t i onal medi a and i ncreased t i me .  S i gn i f i cant di fferences i n  taxo

nomic cha racters occurred 19 ti mes between the 9th and 18th days. Be

tween the 18th and 40th days, 8 changes occurred (Tab l es 5 and 6) . 

More taxonomi c  changes occurred between 1/10 strength PDA and agar 

than between ful l and 1/10 strength PDA (Tab les  6 and 8). 

The ab i l ity of host fungi to susta i n  nematodes and measurab l e  

adults va ried w i th t i me and nutr i tional quant i ty .  Py renochaeta 

te rrestris cul tures produced 106 , 055 nematodes and 363 measu rab l e  

adults (Tab les  1 and 3) , whereas Aspe rgi l l us n i du l ans cul tures pro

duced 7 , 723 nematodes and 173 measu rab l e  adults (Tab l es 2 and 3) . 

f_. terrestr i s c u l tures produced g reatest mean popu l ations at the 

40th day afte r i nocu l at i on at fu l l  nutr i tional strength . Sma l l e r  

numbers were produced on cultures when nutr i t i onal strength was 

decreased (Tab l e  3) . A .  n i du l ans produced greatest numbers of nema

todes at the 40th day after i nocu l at i on on water aga r nutri t ion.  

Wi th i ncreased nutri ent strength, th i s  funga l cu l tu re produced de

creasing numbers of nematodes (Tab l e  3) . The sma l l est number of 

measurab l e  adu l ts recovered on P. terrest r i s  cu l tures was 26 (Tab l e  

1) , whereas only  a s i ng l e  measurab l e  adu l t  was recovered a t  the 40th 

day afte r inocu l ation on A .  ni dulans at fu l l  nutri tional  strength, 

and only two measura b l e  adu l ts were recovered at" the 18th day at 

1/10 strength ( Tab l e  2) . 

Popul ations of nematodes on P .  te rrest r i s  on ful 1 and 1/10 

strength nutr it ion were sti l l  i ncreasing at the 40th day; but on 

water agar nut r i tion, pea k popu l a t i ons had occurred by the 18th 

day (Tab l e  3) . On A .  n i du l ans, nematode popu l a t i ons were sti l l  
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i ncreasing a t  the 40th day a t  water aga r nutr i t i on; on 1/10 st rength 

nutri t ion there was no s i gni f i cant di fference between popul ations at 

the 9th , 18th and 40th days; on fu l l  nutri t i ona l strength popul at i ons 

decreased after the 18th day (Tab l e  3) . 

An attempt to determi ne an adult/l arva rat io  on the basi s of 

length was unsuccessful because nematodes w i thout gonads and v u l va 

were frequentl y  as l arge as nematodes w i th gonads and vu l va .  Further

more, even though nematodes had a vul va , they di d not necessari l y  

have we l l -devel oped gonads. 

No l i v i ng nematodes were observed on nutr i t i ona l medi a  w i thout 

fungi at the 9th and 18th days; these p l a tes were di sca rded at the 

18th day . 

In th i s  otherwise norma l l y  parthenogeni c spec i es ,  a si ngl e ma l e  

was d i scovered at  the 18th day on!:_ .  terrestr i s  w i th water aga r nutri tion. 

Despi te l a rge popu l a t i ons of nematodes on certa i n  nutri t i ona l 

bases, the i r presence d i d  not affect fungal col ony d i ameter except 

tw i ce .  At the 9th day after i nocu l a t i on ,  _!:. terrestr is  cul tures on 

1/10 strength PDA , and A .  ni du l ans on water agar nutr i tion were si g

ni f i cantly ( P( 0 . 05) sma l l er when nematodes were present, compared 

to cu l tures where nematodes were absent . S i nce mean fungal co lony 

d i ameter was affected by nematode presence i n  onl y two of th i rty 

measured i nstances, a l l repl i ca tes at i dent i c a l  t i mes and nu tri t i onal 

bases were comb i ned i n  Tab l e  4. 

Fungal col ony di ameters i ncreased at every t i me i nterval  (Tab l e  

4) up to 92 mm d i ameter. At every nutri t i ona l strength , most rap i d  

fungal growth occurred between i nocu l ation.and. the 9th day . Fastest 

l atera l growth was exh i b i ted by A. ni dul ans on fu l l  strength PDA; 



20 

th i s  fungus reached the edge of the p l a te by the 9th day after i nocu

l at i on. Onl y s l i ght d i fferences· occurred i n  l atera l growth between 

1/10 strength and water agar strength nutri t i on .  A .  n i du l ans growth 

at these nutri tional bases was s l owe r than at ful 1 nutr i ti ona l strength 

(Tab l e  4) . P .  terrestri s grew fastest on water agar nutri tion,  w i th 

co l on i es reach i ng the end of the p l ate at  the 18th day . D i fferences 

between growth at ful l and 1/10 strength were s l i ght,  and growth was 

much s l ower than on water agar nutr i t ion (Tab l e  4) . 

DISCUSS I ON 

Previous studies of morphometr i c  d i fferences w i th va r i ed nutr i 

tion us i ng Aphe l enchus avenae (Monoson, 1971; P i l l a i  and Tay l o r ,  1967) 

and other nematodes (P i l l a i  and Tay l o r ,  1967; Evans and Fi sher , 1970a; 

B i  rd and Mai , 1967; Coomans, 1962; Tay l or and Jenk i ns ,  1957; Wu,  1960) 

have noted both the constancy of the 11V11 va l ue and the vari ation of 

the other de Man values . In the present study , l e ngth and the 11a11 , 

11b111 , and "c" ratios were h i gh l y  variab l e  w i th a l te red envi ronmenta l 

cond i t i ons . The 11V11 va l ue ,  however, was the most constant de Man 

va l ue ,  and therefore m i ght be a va l i d taxonomi c character. Th i s  taxo

nom i c  character devi ated no more than 1 . 0  from the 76 . S  va l ue of Hechl �r 

(1962) at any t i me period on Pyrenochaeta terrestri s  at  ful l strength 

PDA. In add i t i o n ,  mean 11V11 val ues var ied  Jess from each other than 

any of the other ratios, and showed no pattern of var i ation w i th 

a l tered eco l og i ca l  va r i ab l es .  

Cri t i c i sms of the 11V11 va l ue and a l  J de Man va l ues are s t i l  J 

extant, howeve r .  Monoson (1971) stated
.

that a l though the "V" va l ue 

was one of the l east var i ab l e  rat i os ,  i t  was affected most by 
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temperature. Others have suggested that two d i mens i onal rat i os are 

poor measu res of taxonomi c  character differences , and that va r i a t i ons 

i n  tot a l  length and ta i l  l ength may a f fect ra t ios  i n  an al l ometri c 

fash i on (Barracl ough and B l ackith , 1962; C l ark , 1962; Geraert,  1968) . 

A l t hough th i s  study d i d  not eva l uate all cr i t i c i sms of de Man va l ues 

ment i oned above, i t  d i d  cons i der the rel a t i on between va r i ed l ength 

and ra t i os. Except for va r i at i ons of the 11b111 ra t i o ,  no evi dence sug

gested a l l omet r i c  var i a tion. 

A l l  of the morphomet r i c  changes w i th  i ncreased t i me cou l d  not 

be a ccounted for by decreased nema tode nu tr i t i on or decreased l ength . 

The "a" ra t ios  usua l l y  i ncreased and the "c" ra t i os usua l l y decreased 

with i ncreased t i me,  be ing s i m i l ar i n  th i s  respect to changes observed 

i n  Dityl enchus mycel i ophagous by Evans and Fi sher (1970a ) . Whereas 

Evans and Fisher ( 1970a) stated that in Di  ty 1 en ch us myce 1 i ophagous 

many changes i n  taxonomic  cha racters w i th i ncreased t i me were due to 

nutr i t ion, the resu l ts of the present experi ment w i t h  A .  avenae i ndi

cate that the "a" and "c" ratios d i d  not change w i th decreased nutrients 

i n  the same way that they changed w i th i ncreased t i me .  Of the si gni f

i cant differences wh i ch occurred w i th i ncreased t i me ,  the 11a11 rat i o  

i ncreased 10 o f  11 t i mes and the "c" ra t io decreased 8 of 9 t i mes, 

w h i l e  w i th decreased nutri ents, the "a" ra t i o  decreased 3 of 5 t i mes 

and the "c" rat i o  varied si gni f i cant l y  on l y  tw i ce .  Length and the 

"bt" ra t i o ,  however ,  appeared to be affected s i mi l a r l y  by i ncreased 

t i me,  decreased nutrients, and a l tered fungi (Tab l es 1 and 2) . S i nce 

decreased length usua l l y  resu l t ed i n  decreased 11b11 1 val ues, i t  a ppears 

that l ength and the 11b111 ra t i o  are a l l ometr ica l l y  re l a ted . 

Evans and Fi sher (1970a; 1970b) suggested that decrease i n  mean 

nematode l ength , wh i ch occurred w i t h  i ncreased cu l ture t i me and i ncreased 
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tempe rature i n  Aphel enchus avenae and D i tylen chus myceli ophagous, was 

probab l y  caused by decreased nutr i t i on concomi tant w i th i n creased 

popu l at i ons . The results of the present expe ri ment support thi s  sug

ges tion.  Mean length of populations,  whi ch shortened w i th i n creased 

t i me, also sho rtened w i th decreased nutri ents i n  agar med i a .  

Greatest nematode l e ngth on every nut r i t iona l base occurred at 

the 9th day afte r i nocu l at ion .  P robab l y  two combi ned nutr i t iona l 

factors accounted for thi s :  one, a food. reserve b u i lt up on Py renochaeta 

terrest r i s  a t  1/4 strength P DA before actual expe r i mentation and two, 

i mproved nematode nut r i ti on up to the 9th day on�· terres t r i s  at fu l l  

strength PDA. In add i t ion  up to the 9th day there e x i s te d  the best 

nematode number to fungal food ratios, fewes t metaboli c  by-products , 

favorab l e  humi d i ty ,  and fewest dens i ty-dependent factors (such as 

g ra.-1th-affecting hormones ) .  Evi dence whi ch suggested a reserve food 

supply i n  nematodes were the facts that grow i ng cond i tions coul d not 

have been i deal on poor hos t fung i ,  yet al 1 nematode popul at ions in

creased up to the 9th day, and mean l ength of nematodes on a l l  nutr i 

t iona l bases was greatest at the 9th day . 

Length and  nut r i ti onal  med i a  were a l s o  rel ated to popul ation 

dynamics a t  the 18th and 40th days , in  that med i a  wh i ch produced nema

todes of greatest mean l ength on each fungus at a parti cula r t i me 

i nterva l also produced l a rgest numbers of measu rab l e  adults . At both 

the 18th and 40th days , where mean lengths were greatest on each fungus , 

mean popu lat i on s i zes were also greatest, �xcept on Asperg i l l us ni dulans 

at the 18th day . The res u l ts of Evans and F i sher (1970b) us i n g  othe r 

fungi , however, i n d i cated that where con d i t i ons produced la rge popul a 

tions and numbers of measurabl e  adults, mean nematode lengths were 
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shorter than where sma l l er popu l at ions and numbers of measurab l e  adu l ts 

were produced. The conc l us ion  suggested by the study of Evans and 

Fi sher (1970b) and the present one was that decreased nutri ents re

su l ted i n  decreased nematode l ength . It may be that under some con

d i t i ons tota l popu l at i ons a re the most i mportant nutri t i ona l  l i m i t i ng 

factor, and under other cond i t i ons the amount of nutri ents i n  the med i a  

a re the most i mportant. Random va r i at i on i n  popu l ati ons at the 9th 

day after i nocul ation,  regard l ess of nutri ents i n  experi menta l med i a ,  

probab l y  resu l ted from reserve nutr i tion i n  i n d i v i dua l nematodes accumu

l ated before the expe r i ment and d i fferent i a l  reproduct i ve abi l i t i es of 

nematodes i n  the i nocu l um .  It cou l d  be  expected that d i fferent i a l  

reproducti ve abi l i ti es wou l d  be  i mportant i n i t i a l l y ,  cons i deri ng the 

smal 1 i nocu l um numbers and the sma l 1 nematode popu l a tions at the 9th 

day.  

The decrease in nematode numbers on Py renochaeta terrestri s  w i th 

successi ve decreases i n  nutri ents i n  the med i a  was expected , but the 

i ncrease i n  nematode numbers on Aspergi l l us n i du l ans w i th decreased 

nutri ents was not . Townshend ( 1964) found that Aphel enchus avenae 

reproduced poo r l y  on A .  n i d u l ans. However, he impl i ed that A. n i d u l ans 

was a true host fungus .  The resu l ts of the present experiment d i d  

not i nd i cate that A .  n i du l ans a t  fu l l  strength PDA was a va l i d host 

fungus. S i nce popu l ations at the 40th day on A . '  n i du l ans w i th water 

agar nut r i tion were greater than popu l at i ons on�· terrestr i s w i th 

water aga r ,  ha.vever, both fungi must have provi ded adequate nut r i ents 

for reproduction.  E v i dental l y  a physi ca l or chem i ca l  growth property 

of A. n i d u lans whi ch changed w ith  i ncreased nutri ents was detri menta l 

to nematode gra.vth. The only growth property measured i n  th is  study 
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was that of l ateral growth, and no si mpl e re l at i onsh i ps were found 

between l ateral growth and popu lat ion s i ze o r  nematode l e ngth. W i th 

water aga r nutr i tion, aeri a l  mycel i a  and pi gmentation were absent, 

and except for l ateral gra.-1th up to the 18th day , there were no ob

servab l e  d i fferences between the two fungi . Th i s  lack  of observab l e  

d i fferences between fungi a t  thi s  nutri t i ona l strength suggests that 

physio logica l  differences between fungi accounted for d i fferences i n  

nematode popu lat ions. It i s  quite possi b l e  that a l though A.  n i dul ans 

furni shed adequate nutr i ents for nematode growth, w i th i nc reased nu

t r i ents i t  a l so produced a chemi ca l  substance whi ch inhi b i ted nematode 

growth. Two s i gn i f i cant chemi cal  products of A .  n i du l ans are Koj i c  

a c i d  and pen i c i l l i n, ( Foster ,  1949) and these substances mi ght have 

had a del ete r i ous effect· on nematodes. Producti on of these chem i ca l s  

has not been ascri bed to P. terrest r i s  ( Foste r ,  1 949). 

Re l ati onshi ps between fungal colony d i ameters and nematode l ength, 

nematode presence or absence, and nut r i t iona l med i a  were unc l ea r. 

Funga l col ony diameters may have been rel ated to nematode l ength, 

s i n ce a l l  n ematode l engths were l a rgest at the 9th day, and most 

rap i d  gra.-1th of a l l  fungi a l so occur red up to the 9th day. At the 

18th and 40th days, however, measurements i nd i cated that l ength was 

most close l y  rel a ted to type of host fungus and i ts nut r i t ion . It 

was expected that nematode presence woul d have a measurab l e  effect 

on funga l col ony d i ameters; th i s  was not the case. Monoson (1968) 

i nd i cated that funga l col ony d i ameters genera l l y i ncreased w i th nema

tode presence, but not a l way s .  Suthe r l a nd and Fort i n  ( 1968) and 

Barker ( 1964) found that reduction of fungal growth was more depen

dent on the number of nematodes i n  the inocul um than upon the f i na l  

number of nematodes i n  the p l ate. 
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Th ree i mportant growth factors affected i nterpreta t i on of 

resu l ts i n  the present exper i men t .  F i rst ,  the variations w i th t i me 

were rrore s i gn i f i cant than a ny of the physiol ogi cal  a l tera t i ons,  sug

gesti ng tha t  ana l y s i s  of supposedly  physi o l og i ca l  a l tera t i ons m i gh t  

not be approp r i a te .  Second, equal numbers of measurab l e adu l ts cou l d  

not be recovered f rom a l l  nut r i t i ona l bases, and samp l e  si zes, espe

c i a l l y  on A .  n i du l ans,  were sma l l er than had been desi red . S i nce cloned 

pop u l a t i on s  were used , signi f i cant d i ffere�ces between means were 

na tura l l y  fewer than between no rma l pop u l a t ions .  D i fferences between 

means revea l ed by the 11t11 test m i gh t  have been greater, espec i a l l y on 

A .  n i dul ans, had numbers from these samp l es been l a rger . The th i rd 

sign i f i cant grow th feature affec t i ng i nterpreta t ion of resu l ts was 

the fact that many of the short nematodes appeared to have poorly-

deve l oped gonads. Far fewer short nematodes wou l d  have been measured 

i f  the l i mi t ing  cri terion for an adu l t fema l e  had been the presen ce 

of wel l developed gonadal ma t e r i a l  and a vu l va ,  i nstead of s i mp l y  

the presence of a vul va .  Desc r i p t i on of an adu l t  femal e  i mp l i es 

the abi l i ty to produce eggs short l y  after the f i na l  mol t, but does 

no t l i mi t the p roperty of bei ng  an adu l t to nematodes capabl e of 

l ay i ng eggs (Hech l er, 1962) . In the present study i t  i s  dubi ous 

that a l a rge number of the sho rt , vu l va-beari n g  nematodes cou l d  

have l a i d  eggs w i th i n  a few hours of measurement as the i r  gonads 

were so poorly deve loped.  

The grea t amount of morphometr i c  va r i abi l i ty wh i ch occurred 

s i mp l y  w i th i ncreased t i me, concomitan t w i th the var i ab l es i nherent 

w i th funga l -n u tr i t ional  med i a  comb i na t ion s ,  i n d i ca tes that i t  wou l d  

be w i se to conduct add i t iona l  morphomet r i c  stu d i es usi ng only  chem i ca l l y -



def i ned nutr i ents.  These nutri ents do not have growth properti es, 
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are curren t l y  avail able, and have b een used for experi mentat ion (Hansen, 

B uecher, and Evans, 1970; Hansen, Buecher, and Yarwood, 1972; Myer�, 

1967) . In addi t i on, the re l a t i onsh i p  between length and deve]opment 

of gonads found i n  th i s  study suggests a need to study nematode devel op

ment and accura tely defi ne the reproduct i ve status of nema todes to be 

measured i n  morphometr i c  studi es . 
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L I TERATURE REVIEW 

A current prob l em i n  nematode systema t i cs i s  that of determi n i n g  

the va l i d i ty of using body ratios, speci f i ca l l y  the d e  Man a ,  b ,  c, 

and V va l ues (a is l ength/greatest w i dth; b i s  l ength/anter i o r  d i stance 

to base of esophagous; c i s  length/d i stance from anus to t i p  of ta i l ;  

V i s  rat io  of anter ior  distance to vul va/ l ength x 100 percent) . Th i s  

prob l em appears to stem from i nsuff i c i ent know l edge of the causes of 

var iat ion of l i near measu rements i n  nematodes. Accord i ng to Mayr (1969) 

phenotyp i c  va r i a t i o n  i s  due to va r i a t i o n  of ecol ogy and/or genet i cs .  

An add i tiona l  probl em wh i ch affects eva l ua t i on of d e  Man va l ues i s  

· the d i ff i cu l ty of making accurate observa t i ons and measuremen ts ( S e i n 

horst, 1962; Fran k l  i n  and Goodey , 1949; Hasbrouk, 1959; Geraert ,  1960) . 

Stu d i es of Aphel enchus avenae wh i ch uti l i zed other taxonom i c  

too l s  have revea l ed no i mportant i nfraspec i f i c  va r i a t i on w i th the 

exception of one popu l a t i on (Evans and F i sher,  1970c) . These a u thors 

found a va r i at ion i n  a b i sexual population wh i ch i s  otherwi se norma l l y 

a parthenogenic species.  Stud i es of protei n pa tterns of whol e-body 

homogena tes on starch gel s ( Evans, 1971) have suggested that th i s  

b i sexual popu l a t ion was sign i f i can t l y  d ifferent i n  the nature of 

patterns from other popu l ati ons. S i n ce popu l a t i ons, no t i ndiv i dua l s ,  

were sampl ed, i t  i s  poss i b l e  that th i s  va r i ab i l i ty of protein pa tterns 

was due to the i nclusion of ma l es i n  the b! sexual popu l at i on. 

Stud i es of popu l a t i on s  of Aphelenchus avenae (Ha nsen, Buecher, 

and Ya rwood , 1972; Fi sher,  1969; Barker, 1964; Barker and Da r l i n g ,  
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1965; Hansen, Buecher and Evans, 1970) , D i tyl enchus myce l i ophagous 

(Evans and F i she r ,  1969) , and spec ies  of the genus Me l o i dogyne (Ote i fa ,  

1953; Marks and Sayre,  1964; Dav i de and Tri antaphy l l ou ,  1967a; Dav i de 

and Tr i antaphy l l ou ,  1967b; B i rd ,  1960) have shown popu l a t ion dynami cs 

(sex ra t ios ,  total pop u l a t i o ns and fecund i ty )  to be i mporta nt l y  affected 

by envi ronmental cond i t ions. 

S tudies done in  an a t tempt to de te rmi ne host ranges, feedi ng 

hab i ts ,  and patholog i ca l  s i gn i f i cance of Aphel enchus avenae (Ba rker , 

1 964; Mankau and Mankau, 1962; S te i ne r ,  1936; Ch r i st i e  and Arndt , 

1936; Suthe r l and and Fort i n ,  1 968; Ba rker and Da rl i ng ,  1965; Rhoades 

and L i nford, 1959; Kl i nk and Barke r ,  1968; Townshend , 1964) d i d  not 

suggest i nf raspeci f i c  va r i a t ion. S i m i l a r  stu d i e s  i nvo l v i ng spec i es 

of the genus D i tylenchus (Fa u l kner and Dar l i ng ,  1961; Goodey and 

Goodey,  1 949; Hende rson, 1951; Arro l d  and B l ake , 1966) have been done 

mainly for agr i cul tura l  purposes. However ,  certa i n  host range stud i e s  

have suggested i nfraspec i f i c  host range va r i a t i on (E r i ksson, 1965; 

Goodey , 1952a ; Smart and Da r l i ng ,  1963; Webste r ,  1967) . A study by 

Ma r t i n  (1954) of Me l o i dogyne i ncogni ta i ndi cated i nfraspec i f i c  host 

range va r i a t i on a l so .  

Va r i a t i on of body d i me nsions has been noted both i n  free-1 i v i ng 

nematodes (Stephenso.n ,  1942) and i n  pa ras i t i c  forms . Because of th i s  

va r i a t i on ,  desc r i p t ions have attempted to l i st de Man va l ues wi th 

ranges of va r i a t ion and i ncl ude pert i nent eco l og i ca l  data (Coomans , 

1962; Al len,  1952; Tho rne , 1945; Goodey and Hooper,  1965; Hech l e r ,  

1962a; Hech l e r ,  1962b; F i she r ,  1965; Tay l o r  and Jenk i ns ,  1957; B i  rd 

and Ma i ,  1967) . 
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W i th i n  the gen us D i tylenchus, vari at i on of body d i mensions 

resu l t i ng from var i ed nutr i t ion has been c l e a r l y  documented (Wu, 

1960; Smart and Dar i  i n g, 1963; Goodey , 1952b; Pi 1 l a i  and Tay l or, 

1967) . Because of t h i s  and other var i at i ons, certa i n  authors have 

strongly  suggested that the de Man val ues are not sat i sfacto ry ,  

(Wu, 1960; Barracl ough and B l acki th, 1962; Geraert, 1968; C l ark, 

1962) . Hc:Mever, most of the stud i es of d i mensi ona l var i a t ion of 

the members of the genus D i tylenchus have i nd i cated that the 11V11 

val ue i s  the least var i ab l e  de Man val ue , and mi gh t  be emp l oyed 

l egi t i mate l y  i n  nematode taxonomy (P i· l l a i  and Tay l or ,  1967; Wu, 

1960; Evans and F i sher, 1970a) . 

Desp i te the s i ze and d i mensional var i at i ons wh i ch have been 

noted i n  Aphe l enchus avenae both i n  descr i p t ions, (Goodey and 

Hooper, 1965; Hechler , 1962b) and i n  s tud i es which var i ed s i ng l e  

eco logical  factors (P i l l a i  and Tay l o r ,  1 967; Monoson, 1971; Evans 

and F i sher,  1970b) most of these authors have noted the re l a t i ve 

stab i l i ty of the 11V11 val ue . 
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