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Anhydrobiosis in Pratylenchus penetrans and 
Tylenchorhynchus n. sp. in Cultivated 

Soils Cropped to Winter Rye 
J. L. TOWNSttEND 1 

Abstract: Anhydrobiotes of Pratylenchus penetrans were found in two cultivated soils sown to rye 
in southern Ontario during the growing season. Anhydrobiotes at the 0-2.5-cm depth were re- 
covered from 9 and 6 of 11 samplings, respectively, of a Vineland silt loam and a Fox loamy sand 
during the dry summer of 1983. At the 2.5-15.0-cm depth, anhydrobiotes were recovered less 
frequently. In the summer of 1984, anhydrobiotes of P. penetrans were recovered once and anhy- 
drobiotes of Tylenchorhynchus n. sp. twice in 11 samplings. The percentages ofP. penetrans populations 
that were anhydrobiotes in 1983 and 1984 were closely related to soil moisture content and cor- 
responding moisture tensions. Populations of P. penetrans were greatest in October in the lower soil 
depth, 2.5-15.0 cm; those of TylenchorhyncAus n. sp. were greater in the surface layer of soil, 0-2.5 
cm, and peaked in August. 
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Studies on anhydrobiosis (life without 
moisture) in the genera Pratylenchus and 
Tylenchorhynchus have been primarily lab- 
oratory investigations. Pratylenchus brachy- 
urus Godfrey survived 21 months in fallow 
greenhouse soil (4), P. crenatus Loof  21 
months in bagged soil (7), and P. penetrans 
Cobb 11 months in one greenhouse study 
(9) and 24 months in a second greenhouse 
study when soils were slow dried (13). Over 
90% of a T. dubius Butschli population sur- 
vived 3 weeks in greenhouse soil with a 1% 
moisture content (16). In the field, anhy- 
drobiosis was noted in several genera in 
desert soil (5). In the northern Negev re- 
gion of  Israel, P. thornei Sher & Allen was 
able to survive the dry summer after a win- 
ter wheat harvest when all plants had be- 
come desiccated (6). In cultivated soils in 
southern Ontario, soil populations of  P. 
penetrans under tobacco and rye  decrease 
in summer under low soil moisture and in- 
crease when soil moisture is high (8). These 
dry summer soils have not been examined 
previously for the occurrence of  anhydro- 
biosis. This study demonstrates that an- 
hydrobiosis does occur in populations of  P. 
penetrans and Tylenchorhynchus n. sp. during 
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the dry summer season in cultivated soils 
planted to rye in southern Ontario. 

MATERIALS AND METHODS 

Two field sites (7 x 12 m) were selected 
for the anhydrobiosis study: a plot of  Fox 
loamy sand (85% sand, 10% silt, 5% clay; 
field capacity 8%) on Agriculture Canada's 
Tobacco Research Station, Delhi, Ontario; 
and a rye plot of  Vineland silt loam (61% 
sand, 28% silt, 11% clay; field capacity 23%) 
on the farm of  Agriculture Canada's Re- 
search Station, Vineland Station, in the Ni- 
agara Peninsula, Ontario. The  two sites 
were sown to winter rye in 1982. Particle 
size analyses and moisture characteristic 
curves of  the two soils were illustrated in 
an earlier paper (13). 

Both sites were sampled every 3 weeks 
from early May until early December 1983 
and 1984. In July of  each year, the winter 
rye was plowed down and the crop allowed 
to reestablish itself. A zig-zag pattern was 
used at each sampling (1). Eight soil sam- 
ples were taken with a trowel from the sur- 
face, 0-2.5 cm, and with a 2.0-cm-d core 
sampler from a lower depth, 2.5-15.0 cm. 
Each sample weighed approximately 500 
g. Soil samples in plastic bags were stored 
in a styrofoam box so that condensation 
did not form. Soil temperatures were de- 
termined at both levels at four randomly 
selected sites with a bimetallic probe im- 
mediately after sampling. Processing of soil 
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TABLE 1. Development of anhydrobiotes in Pratylenchus penetrans at two soil depths* in a cultivated 
Vineland silt loam planted to rye. 

Livingt (no./50 g soil) Anhydrobiotes (%) Soil moisture (%) 

Sampling date Upper Lower LSD~0~ Upper Lower LSDI0~ Upper Lower 

1983 
10 May 37 135 19 25 15 ns 15.2 18.8 
31 May 33 225 22 34 19 ns 13.5 21.3 
21 June 18 50 13 94 27 25 3.6 10.2 
13 July 7 112 24 100 34 11 3.4 8.0 
4 August 18 68 10 13 6 ns 25.4 19.1 

25 August 64 96 ns 20 3 ns 10.0 11.5 
13 September 81 155 34 66 45 17 7.6 8.4 
4 October 159 298 60 16 19 ns 12.1 11.4 

25 October 110 199 52 3 3 ns 26.4 22.3 
15 November 60 118 34 0 0 29.7 22.6 
6 December 45 214 29 0 0 24.1 38.4 
LSD~0% 29 35 19 14 

1984 
8 May 10 108 31 0 0 27.6 23.4 

29 May 21 135 41 0 0 28.6 21.3 
19 June 5 104 22 0 0 28.0 25.3 
10 July 9 70 30 0 0 15.4 16.5 
31 July 11 51 18 94 75 ns 2.8 8.4 
21 August 25 136 35 0 0 10.2 12.2 
12 September 13 15 ns 0 0 26.3 21.8 
2 October 41 190 37 0 0 25.3 21.5 

21 October 89 190 39 0 0 22,6 20.7 
13 November 58 88 28 0 0 39.2 33.0 
4 December 45 89 25 0 0 28.8 23.1 
LSDI0~ 19 36 

* Upper, 0-2.5 cm; lower, 2.5-15 cm. 
~" As determined by the pan method. 

samples  for  a n h y d r o b i o t e s  c o m m e n c e d  10 
minu tes  a f te r  the  final cores  were  taken .  

A n h y d r o b i o t e s  and  n o n - a n h y d r o b i o t e s  
o f  P. penetrans and  Tylenchorhynchus n. sp. 
were  ex t r ac t ed  f rom soil as follows (4): Each 
500-g sample  was passed t h r o u g h  a 4-ram- 
p o r e  sieve to  r e m o v e  r o o t  debr i s ,  and  a 
50-g subsample  was p o u r e d  slowly in to  200 
ml ho t  4% f o r m a l d e h y d e  so lu t ion  ( 4 0 - 5 0  
C) in a 250-ml  cen t r i fuge  bot t le .  All  sub- 
samples  were  p rocessed  in ho t  f o r m a l d e -  
hyde  b e f o r e  cen t r i fuga t ion .  F o u r  subsam- 
ples p e r  run  were  shaken  and  c e n t r i f u g e d  
for  5 minu tes  at  1,100 g. Each s u p e r n a t a n t  
was d i sca rded ,  the  pel le ts  r e s u s p e n d e d  in 
200 ml sucrose solut ion (sp. gr.  1 .18-1 .20) ,  
and  c e n t r i f u g e d  once  more .  T h e  super-  
na tan t s  were  p o u r e d  t h r e e  t imes  t h r o u g h  
a 38-#m-pore  sieve to ca tch  the  n e m a t o d e  
a n h y d r o b i o t e s .  T h e  sieve was back  f lushed 
a f t e r  each  passage.  N e m a t o d e s  were  con- 

c e n t r a t e d  on  a mi l l i po re  fi l ter,  and  coi led  
and  nonco i l ed  n e m a t o d e s  were  c o u n t e d  
u n d e r  a s te reo  mic roscope .  T h e  p r o p o r -  
t ion  o f  coi led  P. penetrans and  Tylencho- 
rhynchus n. sp. to the  to ta l  n u m b e r  o f  each 
species e x t r a c t e d  d e t e r m i n e d  the  p e r c e n t -  
age o f  a n h y d r o b i o t e s  (12). 

T o  ex t r ac t  l iving ne m a t ode s ,  equal  num-  
bers  o f  50-g soil subsamples  were  p roces sed  
for  7 days by the  pan  m e t h o d  (10). Also,  
four  soil subsamples  f rom each sampl ing  
level  were  p roces sed  to  d e t e r m i n e  mois-  
t u re  c on t e n t  by the  g r av ime t r i c  m e t h o d  
(3). 

Data  on the  d e v e l o p m e n t  o f  a n h y d r o -  
biosis in P. penetrans were  g a t h e r e d  in 1983 
a n d  1984, whereas  da t a  on  Tylenchorhyn- 
chus n. sp. were  g a t h e r e d  only  in 1984 f rom 
the  Vine land  Sta t ion  site. Me teo ro log i ca l  
da t a  were  o b t a i n e d  f rom r e c o r d s  c o m p i l e d  
at  the  Delhi  T o b a c c o  Resea rch  S ta t ion  and  
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TABLE 2. Development of anhydrobiotes in Pratylenchus penetrans at two soil depths* in a cultivated Fox 
loamy sand planted to rye. 

Living']" (no./50 g soil) Anhydrobiotes (%) Soil moisture (%) 

Sampling date Upper Lower LSD,o~ Upper Lower LSD~o~ Upper Lower 

1983 
5 May 7 13 5 0 0 

26 May 75 122 19 0 0 
15 June 61 78 ns 56 3 
7 July 55 220 38 19 4 

28 July 102 151 ns 39 0 
19 August 63 43 31 39 0 
9 September 18 116 64 87 1 

30 September 18 201 78 6 3 
21 October 163 359 26 0 0 
I0 November 25 129 89 0 0 

2 December 93 273 91 0 0 
LSDI0~ 22 22 22 ns 

1984 
3 May 5 100 22 10 0 

24 May 8 55 14 0 0 
14 June 11 92 16 0 0 
5 July 71 67 ns 0 0 

26 July 74 101 11 0 0 
16 August 99 131 ns 27 0 

5 September 14 128 20 0 0 
24 September 7 135 29 0 0 
18 October 34 147 26 0 0 

8 November 44 120 37 0 0 
29 November 76 185 57 0 0 

LSD~0 ~ 19 35 

15 
ns 

11 
ns 

9.5 9.6 
11.3 11.2 

2.3 3.9 
6.6 7.9 
2.3 6.0 
2.2 5.6 
1.3 5.0 
3.7 5.0 
7.5 8.8 
7.9 8.9 

18.4 9.3 

1.8 5.9 
8.3 17.9 

10.2 8.0 
16.2 16.2 
9.2 8.6 
2.5 7.8 
7.4 9.4 
8.4 7.2 
7.9 8.2 

20.0 19.0 
10.9 10.0 

* Upper, 0-2.5 cm; lower, 2.5-15 cm. 
t As determined by the pan method. 

at the Ontario Ministry of  Agriculture and 
Foods, Horticultural Research Institute of  
Ontario, Vineland Station. 

RESULTS 

In Vineland silt loam, the mean numbers 
ofP. penetrans/50 g soil at the upper depth 
were greater in 1983 than in 1984, 57 vs. 
30--LSD~0~ 11, and the numbers at the low- 
er depth were also greater in 1983 than in 
1984, 152 vs. 107--LSD~0~ 19. The  mean 
numbers of  P. penetrans/50 g soil were 
greater at the lower depth than at the up- 
per in both years, LSD10~ 17 and 13, re- 
spectively. The same pattern occurred in 
Fox loamy sand. The mean numbers of P. 
penetrans/50 g soil at the upper deptb was 
greater in 1983 than in 1984, 62 vs. 4 0 - -  
LSD10% 11, and the mean numbers at the 
lower depth were also greater in 1983 than 
1984, 151 vs. 115--LSD~0~23. Again, the 

mean numbers of P. penetrans/50 g soil 
were greater at the lower depth than at the 
upper in both years, LSD10% 23 and 12, 
respectively. In 11 samplings of the two 
soils, the number of P. penetrans/50 g of 
soil peaked in October of  each year (Tables 
1, 2). 

The occurrence of anhydrobiotes of P. 
penetrans in cultivated soils at Delhi and 
Vineland Station in 1983 contrasted great- 
ly with that in 1984 (Tables 1, 2). In Vine- 
land silt loam in 1983 at the upper and 
lower depths (Table 1), anhydrobiotes of 
P. penetrans were recorded in 9 of 11 sam- 
plings (May through September) and in Fox 
loamy sand at Delhi in 6 of 11 samplings 
(June through September) at the upper 
depth (Table 2) and in 4 of 11 samplings 
(June, July, September) at the lower depth 
(Table 2). In 1984, anhydrobiotes of P. 
penetrans were noted only once in 11 sam- 
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TABLE 3. Development of anhydrobiotes in Tylenchorhynchus n. sp. at two soil depths* in a cultivated 
Vineland silt loam planted to rye. 

Livinff'f (no./50 g soil) Anhydrobiotes (%) 

Sampling date Upper Lower LSD~0% Upper Lower LSD~0~ 

1984 
8 May 40 3 15 0 0 

29 May 6 1 4 0 0 
19 June 30 8 11 0 0 
10 July 150 9 28 0 0 
31 July 350 40 40 93 67 
21 August 540 18 20 14 7 
12 September 180 10 40 0 0 

2 October 250 9 60 0 0 
21 October 70 6 20 0 0 
13 November 145 23 40 0 0 

4 December 146 9 20 0 0 
LSDI0~ 43 9 4 11 

8 
ns 

Soil moisture is recorded in 1984 section of Table 1. 
* Upper, 0-2.5 cm; lower, 2.5-15 cm. 
t As determined by the pan method. 

plings at both depths in Vineland silt loam 
(Table 1) and only once in Fox loamy sand 
at the upper depth (Table 2). 

In the Vineland silt loam during June, 

July, and September 1983, over 60% of the 
P. penetrans population at the upper level 
were anhydrobiotes. In July, 100% of the 
P. penetrans population were anhydro- 

TABLE 4. Meteorological data for the 5-day period prior to each sampling at Vineland Station, Ontario. 

Soil temperature* (C) Accumulated Mean max. Accumulated 
rainfall temperature Total sunshine wind run 

Sampling date Uppert Lowert " (mm) (C) (hours) (km) 

1983 
10 May 21.6 13.8 14.0 14.1 35.1 1,493 
31 May 24.3 17.4 17.8 16.7 27.1 908 
21 June 30.2 21.7 0 24.7 51.4 531 
13 July 30.3 22.8 0 27.0 58.1 1,126 
4 August 26.1 23.2 19.2 27.5 36.1 707 

25 August 23.0 21.0 2.6 24.3 49.1 685 
13 September 17.5 19.4 0.4 26.8 43.1 951 
4 October 19.6 17.6 2.8 21.5 31.4 727 

25 October 9.8 9.5 22.4 10.8 20.9 990 
15 November 2.3 3.1 22.4 4.3 12.0 1,171 
6 December 3.1 2;7 0 0 5.0 1,421 

1984 
8 May 8.7 8.4 26.6 12.3 15.3 996 

29 May 11.5 10.8 10.8 18.1 37.9 1,197 
19 June 27.6 20.5 125.6 20.7 43.5 860 
10 July 19.5 19.6 9.4 22.9 32.2 885 
31 July 29.6 20.9 0 23.4 47.1 446 
21 August 27.6 21.4 7.0 23.8 38.3 886 
12 September 19.8 17.1 57.0 22.6 29.8 988 
2 October 26.0 13.2 17.7 597 

23 October 12.6 11.3 9.6 17.4 21.4 701 
13 November 6.2 6.2 26.8 10.3 0.4 1,257 
4 December 0.1 5.5 6.4 6.0 9.4 1,176 

* Soil temperature taken day of sampling. 
t Upper, 0-2.5 cm; lower, 2.5-15 cm. 
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TABLE 5. Meteorological data for the 5-day period prior  to each sampling at Delhi, Ontario.  

Soil temperature* (C) Accumulated Mean max. 
rainfall temperature Total sunshine 

Sampling date Uppert Lower~ (mm) (C) (hours) 

Accumulated 
wind run 

(km) 

1983 

5 May 15.5 13.3 57,9 14.9 18.1 865 
26 May 19.0 17.0 15,4 19.9 27.6 815 
15 June  32.5 22.3 0 29.8 57.9 421 

7 July 24.5 19.0 6.6 26.7 45.5 820 
28 July 36.5 23.5 0 27.8 52.5 529 
19 August 35.0 24.4 0 26.9 44.0 369 

9 September  34.6 20.8 0 27.1 46.0 644 
30 September 21.6 14.5 0 21.3 28.2 426 
21 October  12.1 8.0 1.2 12.3 24.5 499 
10 November  10.8 6.9 11.6 8.5 2.0 514 
12 December - 0 . 8  0.6 21,6 3.8 23.3 843 

1984 

3 May 17.8 11.9 2.2 17.2 43.8 976 
24 May 24.0 16.4 49.8 21.3 38.6 643 
14 June  24.0 23.2 17.0 28.5 60.5 707 

5 July 24.9 22.1 20.0 27.2 44.3 524 
26 July 23.5 19.8 2.8 28.3 57.1 630 
16 August 34.4 25.9 0.2 27.5 37.8 477 

5 September  22.0 16.9 25.6 20.9 32.7 545 
24 September 21.1 18.8 31.8 20.6 16.8 754 
18 October  15.8 12.1 2.0 18.0 18,1 330 

8 November  5.4 3.7 33.0 8.9 16.4 757 
29 November  2.6 2.8 3.0 12.7 23.6 642 

* Soil temperature taken day of sampling. 
t Upper, 0-2.5 cm; lower, 2.5-15 cm. 

biotes. At the lower depth, anhydrobiosis 
was greatest in P. penetrans in July and Sep- 
tember when 34% and 45% of the popu- 
lation, respectively, were anhydrobiotes 
(Table 1). 

In Fox loamy sand at the upper depth, 
anhydrobiosis was greatest in June and 
September 1983 when 56% and 88% of  
the population, respectively, were anhy- 
drobiotes (Table 2). At the lower depth, 
anhydrobiosis was much less, with only 4% 
of the P. penetrans population being an- 
hydrobiotes in July and September (Table 
2). 

In 1984, anhydrobiotes of P. penetrans 
were recovered only once from Vineland 
silt loam and twice from Fox loamy sand 
(Tables 1, 2). In Vineland silt loam in Au- 
gust, 94% and 75% of  the P. penetrans pop- 
ulation were anhydrobiotes at the upper 
and lower depths, respectively, whereas in 
Fox loamy sand, 10% and 27% of  the P. 
penetrans population were anhydrobiotes 

in May and August, respectively, and only 
at the upper depth (Table 2). 

The  mean numbers of Tylenchorhynchus 
n. sp. in Vineland silt loam, monitored only 
in 1984, were greater at the upper depth 
than at the lower, 173 vs. 12--LSD~0~ 28. 
Depending on the sampling time, the num- 
ber of Tylenchorhynchus n. sp. at the upper 
depth exceeded the number at the lower 
depth by 27 times; the numbers peaked in 
August (Table 3). Anhydrobiotes of Tylen- 
chorhynchus n. sp. were recovered at both 
depths in 2 of 11 samplings (Table 3). At 
the upper depth, 93% and 14% of  the pop- 
ulation were anhydrobiotes in early and 
late August; at the lower depth, 67% and 
7% were anhydrobiotes at the respective 
sampling times. 

Soil moisture in Vineland silt loam was 
lower at both levels of soil from spring until 
autumn in 1983 than in 1984 (Table 1). 
Also soil temperature was higher in spring 
and early summer 1983 than in 1984 (Ta- 
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ble 4). Soil moisture in Fox loamy sand was 
also lower at both soil depths in June 
through November  in 1983 than in 1984 
(Table 2). However,  soil temperatures in 
both years and at both soil depths were 
similar (Table 5). 

Meteorological data compiled 5 days (a 
sufficient time for wetting or drying) be- 
fore each sampling revealed a great con- 
trast in the amount of  accumulated rainfall 
between 1983 and 1984 (Tables 4, 5). In 
Delhi, there was no rainfall in 5 of  the 11 
periods before sampling in 1983 (Table 5), 
whereas in 1984 there was considerable 
rainfall in these periods; in July and Au- 
gust, the accumulated rainfall was minimal 
in the periods before sampling. At Vine- 
land in 1983, there was no rainfall in 2 of  
the 11 periods before sampling and mini- 
mal rainfall in 3 of  the periods (August, 
September, October) (Table 4). In 1984, 
there was no rainfall in one period before 
sampling (31 July), but  there was rainfall 
in the others (Table 4). Mean maximum 
air temperatures, total hours of  sunshine, 
and total accumulated wind runs in the 
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5-day periods before sampling were similar 
both years at the respective plot sites (Ta- 
bles 4, 5). 

Anhydrobiotes of  P. penetrans in the up- 
per depth of  Vineland silt loam increased 
as soil moisture and rainfall decreased and 
as soil and air temperatures and sunshine 
increased (Fig. 1, Table 6). The  same cor- 
relations were noted, except for rainfall, 
in Fox loamy sand (Fig. 2, Table 6). An- 
hydrobiotes ofP.  penetrans were correlated 
negatively with only soil moisture in Vine- 
land silt loam at the lower depth and with 
none of  the soil and aerial meteorological 
data in Fox loamy sand (Table 6). 

The  percentage of  soil moisture at both 
depths of  Fox loamy sand decreased as sun- 
shine, wind, and soil and air temperatures 
increased a n d  increased with increasing 
rainfall (Table 6). The  same correlations, 
except for wind, were obtained in Vineland 
silt loam (Table 6). 

DISCUSSION 

Anhydrobiosis occurs in nematodes in 
agricultural soils during the growing sea- 
son in southern Ontario. Anhydrobiotes of  
P. penetrans were recovered from a culti- 
vated Fox loamy sand and a Vineland silt 
loam, both sown to rye, when the soil mois- 
ture declined to field capacity. Apparently 
micro-pockets of  soil particles exist where 
soil moisture tension is sufficiently great to 
reduce moisture to 6 -9  monomolecular 
layers that induce anhydrobiosis in nema- 
todes (2). The  number  of  anhydrobiotes 
increases greatly as soil moisture is deplet- 
ed and soil moisture tension increases. The 
occurrence of  anhydrobiotes of  P. pene- 
trans is greater in the surface layer of  soil, 
where soil moisture tension is greater, than 
in the lower layers, where soil moisture 
tension is lower. In another study, P. thornei 
survived the dry summer in an anhydro- 
biotic state after a winter wheat harvest in 
the Negev region of  Israel (6). 

Development of  anhydrobiosis in P. pen- 
etrans may be one reason this nematode is 
less destructive in tobacco in warm, dry 
growing seasons than in wet, cool growing 
seasons (14,15). In warm, dry growing sea- 
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sons, soil moisture tension increases, mo- 
bility of  P. penetrans is reduced (11), less 
root penetration occurs (12), and anhydro- 
biosis develops which allows P. penetrans to 
survive the low levels of  soil moisture. 

In this study, the percentage of  anhy- 
drobiotes recorded may be skewed because 

eggs ofP.  penetrans passed through the fin- 
est screen in the extraction procedure.  It 
is possible, however, that eggs, particularly 
those containing juveniles, could be in an 
anhydrobiotic state as well during dry pe- 
riods. Second- and third-stage juveniles 
were found in an anhydrobiotic state in a 
previous study (13). 

The  preferred habitat of  Tylenchorhyn- 
chus n. sp. is in the upper 2.5 cm of soil. 
Its confinement to the surface layer is not 
due entirely to the shallow root  growth of  
winter rye, as Wyss (16) noted that T. du- 
bius also preferred the surface layer of  soil 
in a greenhouse study with strawberry, a 
deep-rooted crop. Although not studied in 
the dry 1983 growing season, Tylencho- 
rhynchus n. sp. may be a more successful 
anhydrobiote than P. penetrans because of  
its capacity to survive the far greater ex- 
tremes of  temperature and moisture that 
occur in the surface soil layers. 
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TABLE 6. Correlation of percentage of P. penetrans anhydrobiotes and percentage of soil moisture with 
meteorological data (soil and aerial) at two depths.* 

Correlation coefficients 

Vineland silt loam Fox loamy sand 

Variables Upper Lower Upper Lower 

Anhydrobiotes (%) x Soil moisture -0 .8444  ~0.6313 
Soil temperature 0.7094 0.5240 
Accumulated rainfall -0 .7382 -0 .5952 
Mean max. air temperature 0.6269 0.4957 
Total sunshine 0.7900 0.4701 
Accumulated wind run 0.1494 0.1355 

Soil moisture (%) x Soil temperature -0 .7499 -0 .8013 
Accumulated rainfall 0.9165 0.9835 
Mean max. air temperature -0 .6855 -0.7821 
Total sunshine -0 .8552 -0 .8530 
Accumulated wind run 0.2466 0.3499 

--0.7078 --0.4639 
0.7910 0.2508 

--0.4839 --0.3218 
0.7570 0.4372 
0.7824 0.3440 
0.3088 0.1038 

--0.8967 --0.6059 
0.5628 0.6051 

--0.8255 --0.6906 
--0.6053 --0.6939 

0.6941 0.6991 

Aerial meteorological data was compiled 5 days before each sampling. 
Correlation coefficient r (0.05) = 0.6021. 
* Upper, 0-2.5 cm; lower, 2.5-15 cm. 
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