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Abstract: Meloidogyne grarninis (Sledge and Golden) Whitehead on Cynodon sp. (var. 'Tifgreen' 
bermudagrass)  was studied at four temperatures;  16, 21, 27, and 32 C. Both mode and rate of develop- 
ment  were temperature dependent. Females developed more  rapidly and in greater numbers  at 27 C: 
saccate females exuding matrices were present 14 days following inoculation, eggs were laid after 21 
days and newly-hatched larvae were present in the matrix at 25 days. Sex differentiation to males was 
80% at 32 C and 4% at 27 C. No males were observed at 21 or 16 C. Developing males  were present 
14 days following inoculation and emerged f rom roots after 21 days at 32 C. In populations pre- 
exposed to 27 C then transferred to 32 C, the percentage of males ranged f rom 0 for 1 day exposure 
at the initial temperature to 45.5% after 5 days. After 11 days pre-exposure the recovery of males was 
4.3%. Individuals interpreted to be male  sex reversals and male intersexes were noted. Pre-exposure 
at 32 C for 1 or 2 days followed by 27 C produced 1-2% males, while exposure for 3 or more  days 
at 32 C followed by 27 C produced 90% males. 

The influence of various environmental 
factors upon development and sex differen- 
tiation of members of the family Heteroderi- 
dae has been extensively reported. Among 
these factors were: (i) crowding of the 
infective nematodes (2, 5, 8, 9), (ii) phys- 
iological age of the host plant (2, 8), (iii) 
nutritional condition of the host plant (1, 3, 
6) and (iv) application of growth regulators 
to the host plant (4). It has been speculated 
that temperature, which is known to influ- 
ence nematode infectivity, rate of develop- 
ment and reproduction (7, 10), may also 
influence sex differentiation of root-knot 
nematodes (2). 

The objective of the present study was to 
investigate the influence of temperature on 
the rate of development and sex differentia- 
tion of Meloidogyne graminis (Sledge and 
Golden) Whitehead. 
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MATERIALS AND METHODS 

A population of M. graminis collected 
from a 'Tifgreen' bermudagrass golf green in 
Franklin, Virginia, was maintained in the 
greenhouse on 'Tifgreen' bermudagrass. Cut- 
tings of 'Tifgreen' bermudagrass were rooted 
in distilled water. Plants with roots greater 
than 1 cm but less than 2 cm in length were 
selected and planted in 100 cc polypropylene 
centrifuge tubes having basal drainage aper- 
tures and containing a methyl bromide 
fumigated soil mixture. The prepared soil 
mixture contained 3 parts loam, 2 parts 
washed sand and 2 parts 'Weblite'® (Weblite 
is an expanded shale by-product). One 
hundred larvae in 1 ml distilled water were 
pipetted directly onto roots, and covered 
with a thin layer of sterilized soil. Inoculated 
plants were placed in water-proof crocks in 
each of four constant temperature tanks at 
16, 21, 27, and 32 -+ 1 C. Nematode de- 
velopment was estimated by examining two 
plants from each treatment at 0.5, 1, 3, 7, 
14, 21, 25, 28, and 35 days after inocula- 
tion. Roots were washed in water and 
stained with acid fuchsin in 1 : 1 mixture of 
absolute alcohol and glacial acetic acid for 
24 hr. Stained roots were cleared and stored 
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in saturated chloral hydrate solution. Nema- 
todes were dissected from the roots and the 
various developmental stages and sex ratios 
determined. 

The effect of temperature upon sex ratio 
was measured on four single-plant replicates 
at each treatment temperature. To equalize 
initial infection, all were inoculated in soil, 
incubated 48 hr at 27 C, then washed free 
of soil and transferred to 50 ml tap water in 
separate 100 ml beakers in temperature 
treatment groups. Water from each beaker 
was examined for males and changed at 3- 
day intervals. At 26 days the roots were 
stained and cleared, and embedded males, 
females and larvae were counted. 

To define temperature-versus-time effects 
and whether sex differentiation is reversible, 
14 each of 3-replicate groups of inoculated 
plants were prepared (as described above) 
and distributed half to 27 C and half to 32 C. 
Replicate groups were interchanged between 
the two temperatures at 1, 2, 3, 4, 5, 8, and 
11 days after the infection period. Starting 
17 days after inoculation and continuing for 
an additional 9 days at 3-day intervals, nema- 
todes were removed and counted. To permit 
observation of gonad development, males 
were stained 2 rain at 80 C with acid fuchsin 
in 1 : 1 absolute alcohol and glacial acetic 
acid. At the end of the trial, roots were fixed 
in FAA at least 48 hr, washed in tap water 
for 5 rain, stained 2 min in boiling acid- 
fuchsin-lactophenol and stored in clear lacto- 
phenol. The nematodes were removed from 
the roots and mounted in clear lactophenol 
for identification of developmental stage and 
sex based on the characteristics described by 
Triantaphyllou (8) .  

R E S U L T S  

Temperature influenced both the develop- 
ment rate and sex ratio of M. graminis. Lar- 
vae penetrated bermudagrass roots at 27 and 
32 C within 12 hr and those at 16 and 21 C 
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FIG. 1. Effect of continuous temperature treat- 
ments on sex differentiation of Meloidogyne Gram- 
inis in 'Tifgreen'  bermudagrass roots. A 2-day 
infection period at 27 C preceded all treatments. 

within 24 hr. At 16 and 21 C, only larvae 
were present in roots up to 14 days after 
inoculation. Nevertheless, females with mat- 
rices were found 21 days after inoculation at 
the lower temperatures. Eggs and larvae were 
evident after 28 days at 21 C. At 16 C eggs 
were observed after 28 days but newly 
hatched larvae were not found until 35 days 
after inoculation. At 27 and 32 C larvae had 
molted and appeared swollen 7 days after the 
plants were inoculated. Saccate females exud- 
ing matrices were apparent 14 days after 
inoculation. Females at these temperatures 
laid eggs 21 days after inoculation, and lar- 
vae were present in the matrix at 25 days. 

Males predominated in plants incubated 
at 32 C, and few were observed at lower soil 
temperatures. Developing males were present 
14 days after inoculation at 32 C and 
emerged from roots 21 days after inocula- 
tion. 

In further studies temperature influenced 
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FIG. 2. Effect of temperature-- t ime treatments 
on sex differentiation of Meloidogyne graminis. A 
2-day infection period at 27 C preceded all treat- 
ments. 

sex differentiation and subsequent sex ratios 
(Fig. 1). At  32 C males emerged from 
bermudagrass roots in beakers of tap water 
20 days after inoculation. At 32 C the fre- 
quency of males was above 80% but only 4% 
at 27 C. No males were detected at 16 or 
21 C. 

The duration of initial periods at 27 or 
32 C influences sex differentiation in M. 
graminis (Fig. 2). Males in populations 
maintained first at 27 C then at 32 C in- 
creased from 0% after one day of incubation 
at the initial temperature to a maximum of 
45.5% after a 5 day incubation period. After 
11 days at the lower temperature, the per- 
centage of males had decreased to 4.3%. 
Individual nematodes interpreted to be male 
intersexes or male sex reversals were ob- 
served among nematodes initially incubated 
4, 5, 8, and 11 days at 27 C. Male inter- 
sexes and male sex reversals possessed two 
testes rather than one. In addition male 
intersexes had slightly thickened tissue and 
an interruption of cuticular annulation in the 
region corresponding to the vulvar region of 

females. The spicule and gubernaculum were 
lacking in a single specimen. 

In populations held at 32 C, then trans- 
ferred to 27 C, the frequency of males de- 
veloping after incubation for 1 or 2 days 
was less than 3% while after 3 days or longer 
it exceeded 90%. No intersexes or morpho- 
logical abnormalities were observed. 

DISCUSSION 

Temperature affected rate of development 
and sex differentiation of M. graminis larvae 
in roots of 'Tifgreen' bermudagrass. Results 
of the present studies generally support the 
hypothesis presented by Davide and Trian- 
taphyllou (4) on the mechanism of sex 
differentiation in root-knot nematodes. The 
effect of environment on biochemical and 
physiological processes in roots may alter 
the host-parasite relationship producing 
physiological changes which influence sex 
differentiation. Investigators (3, 9) have 
associated maleness with food stresses, but 
little is known about nematode nutritional 
requirements and how development and dif- 
ferentiation may be influenced by qualitative 
and quantitative food supply differences. 
However, one could expect relatively minor 
changes in Cynodon sp. when shifted from 
27 C to 32 C for 3 days and then back to 
27 C. The effect, therefore, may be directly 
upon the nematode during a critical period 
in its life cycle. 

The biochemical bases for environmental 
effects on sex differentiation of nematodes is 
an unexplored area. If nematode sex differ- 
entiation involves sex hormones and differ- 
entiation depends upon hormonal imbalance, 
possibly the environmental conditions affect 
the relative concentrations of these hor- 
mones. The definite requirement for, and 
irreversibility of, the initial 2-3 days at 32 C 
for maleness seems to support the hypothesis 
of a controlling hormonal system which is 
developing during the first few days of gonad 
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d e v e l o p m e n t .  T h e  def in i te  r e a c t i o n  to  an  

ini t ia l  t e m p e r a t u r e  o f  27 C ,  w h i c h  is on ly  

par t i a l ly  r e v e r s e d  by  e x p o s u r e  to  32 C ( i f  i t  

c o m e s  s o o n  e n o u g h ) ,  a lso  seems  to s u p p o r t  

this specu la t ion .  
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