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Ecology characters of soil faunas and microorganisms in the

northeast heavy frigid region of China

SU Yong-Chun',GOU Ying-Bo',ZHANG Zhong-Heng’,ZHANG Chong-Bang® (1. Biotogy
and Chemistry Department ,Changshu College sJiangsu 215500,China; 2. Biology Department of Keshan Normal College,
Keshan , Heilongjiang 161601, China; 3. Taizhou Teachers College, Linhais Zhejiang 317000, China ). Acta Ecologica
Sinica,2001,21(10):1613~1619.

Abstract : Field investigation was carried out in the experimental station,Institute of Wheat and Potato in
Heilongjiang,124°50"E,48°2'N. The experiment soil belongs to the classification of chernozem. The located
site is of a typically heavy frigid climate,an annual mean temperature of 1.3 C ,ranging from —42.0 to
38.0C,an annual mean precipitation of 508. 2mm, with 52. 6% falling in July and August,and an mean
annual evaporation of 1189. 7mm. The sample of soil was taken from long-term fields rotating with wheat
and soybean. The field productivity is of middle level (9 t/hm®. grain yield in spring wheat).

Five zigzagging plots were allocated to different slopes and sunny fields (10hm?* scope). The plot size is
10m by 10m, 6 sub-plots from each plot were chosen to take soil samples one very month from April to
September 1993. The soil depths were divided into three layers,0~5,5~10,10~15cm. The macro-faunas
were hand-sorted by digging out 100X 100cm® soil. The soil samples with 100cm® and 25cm” were taken by
circle knives respectively for separating the middle and micro-faunas by methods of Tullgren and Baermann
before they were brought back to the lab in nags. Then followed counted and classified faunas. Soil baceria .
fungus and actinomycete from the same soil samples were determined with dilution-plate method,
separately.

At the same time,the soil enzyme activities and physicochemical properties of the same samples were
determined. A cellulase activity was detected with the anthrone colorimetric method,urease activity with

the diffusion plate. invertase activity with reducing sugar determination method. catalase activity with
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oxidation-reduction titration technique and dehydrogenase with common method. The soil activer organic
matter was determined by H,SO, dilution method, the pH-value was determined with electrical potential
method, the soil available P was determined with 0. 5mol/L. NaHCO; extraction and Mo-Sb resistance
colorimetry method, the determination of soil moisture, soil temperature and hydrolysable N with the
conventional methods.

Total soil faunas within the layer of 0~ 15cm exhibited two high peaks during the investigating
periods. Acarina, just as the total soil faunas,were abundant in June and August; Collembola, Nematode
and scarce group exhibited a single peak in June,July and August,respectively. Among three layers,the
distributions of soil faunas were different. In 0~ 5cm layer soil faunas decreased from April to July,and
then increased from July to September. In 5~ 10cm layer,two lower peaks of soil faunas were shown in
May and August. In 10~15cm layer.the number of soil faunas fluctuated with a maximum of 6886/m? in
August.

Judging from the seasonal change of the dominant group,Acarina in influenced greatly on the changes
of total soil faunas. The 0~ 5cm layer showed one clear lower peak in Acarina, while two lower peaks
appeared in May and August in both 5~10cm and 10~15cm layers. The distributions of Collembola in the
upper layer showed less changes, ranging from 1600 to 2000/m” and two significantly high peaks of
Collembola in soil of 5~10cm layer in June and August and of 10~15cm layer in June and September. As
to Nematode, there was one higher peak from the upper layer to the deeper one in May and June.in
August, and in July respectively. The scarce group showed one high peak in August. Three types of
microorganisms exhibited single peak,with bacteria and actinomycete in July and fungus in June.

The study showed changes of eleven factors including soil enzymatic activities and physicochemical
properties during the growing season of wheat. The performances of three hydrolytic enzymes were
remarkably different. There was one high peaks of cellulase in July.two high peaks in urease in May and
August.two lower peaks of invertase in July and August. All these suggested that the catabolism capability
of the soil is stronger in July and August. The activities of two kinds of oxidoreductase exhibited different
behavior. The peaks of catalase activity were in April and August. The activity of dehydrogenase was
strongest in May, then decreased till July and increased slowly again. Such behavior of oxidoreductase
revealed that the capability of oxidation-reduction in the soil was weakened in July. Among three layers,the
lowest soil moisture was shown in May.the highest in August. Similarly.soil temperatures in three layers
were low in the early months,then rose till August.

Relationships among quantity of soil faunas. soil microorganisms and ecology parameters were
analyzed by grey correlation analysis. The output results were shown in a correlation matrix (R) ,wich was
useful to define the primary (= 0.80000) and secondary (r <C 0.80000) factors. The primary factor
influencing on Acarina and Total faunas were Urease.Invertase,Catalase.Dethydrogenase,active organic
matter, pH-value, soil moisture, hydrolysable N and available P. All factors except soil cellulase,
temperature and hydrolysable N were primary factor for collembola. And soil temperature was only one
primary factor to Nematode. All factors showed secondary factors for the scarce group. The soil cellulase,
urease ,pH-value and moisture were primary factor for Bacteria,others were secondary factors. All factors
were secondary factors for Fungus. Urease, Invertase ,Catalase , Dehydrogenase, soil active organic matter,
pH-value,soil moisture and available P were primary factors for Actinomycete.

The calculated weights (+/), which reflect the general influence on soil fauna and microorganisms
exerted by ecological factors.were 9.47,10.61,7.77.9.66,8.90,7.95,12.12,11. 93.,5.49,4.73 and 11.

36% from x, to ), ,respectively. With regard to weights of soil ecology factors,they can be divided into



1616 21

three groups:the top group (+/==10. 00)including urease,pH-value, moisture and available P;the middle
group(10. 00>7'=5. 00)including cellulase, Invertase , Catalase , Dehydrogenase,soil active organic matter
and temperature; the lower group (+'<C5.00) comprises hydrolysable N. These demonstrated that soil
moisture and available P were “bottleneck” factors in this region. Therefore,regulating soil moisture and
phosphate input should be an important strategy to improve soil quality and crop productivity.

The eight grey model [GM (0, 5) Jwas developed to detect the relationship among soil urease,pH-
value ,moisture and available P to soil faunas and soil microorganisms depand on the four ecology factors (;/
=10. 00) ,five soil fauna and three microorganisms,which showed biological characters of that region.

Key words :heavy frigid region;soil fauna;soil microorganism;ecological character;grey analysis
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Table 1 Seasonal variation of soil enzymatic activity and physicochemical properties

0,

AK

4 5 6 7 8
Index April May June July August  September
Activity of cellulase
2.852 3.923 5.534 15.582 8. 484 4.711
(Glucose mg/g. dry soil)
Activity of urease
0.128 0. 160 0.105 0.198 0. 341 0. 097
(NH3-N mg/g. dry soil)
Activity of invertase
1.559 1.442 1. 600 1.621 1.299 1. 496
(0. 05mol Na,S;0;ml/g. dry soil 24h)
Activity of catalase
10. 053 9.429 9.614 10. 061 10. 219 9.199
(0. 1mol KMnOyml/g. dry soil)
Activity of dehydrogenase
31.175 40. 624 33.219 25.372 29.531 34.111
(H* pmol/g. dry soil)
Active O. M. (%) 4.33 3. 86 4.11 4.71 4. 09 4. 14
pH pH value 6.63 6.70 7.60 7.59 7.53 8. 26
Moisture (%) 0~5cm 26. 00 15. 88 27.96 34. 65 50. 15 41. 60
5~10cm 33. 20 28.53 30. 22 43.51 52.18 40. 65
10~15cm  36.10 31. 35 33.02 37.91 48. 60 39.93
Mean  31. 80 25.25 30. 40 38. 69 50. 31 40.73
0~5cm 10.5 13.1 24.48 22.3 22.3 16.8
Temperature ( C) 5~10cm 6.5 9.9 20.7 20. 6 21.4 16. 2
10~15cm 2.7 8.5 19.1 19. 4 20.5 17.5
Mean 6. 57 10. 50 21.43 20. 77 21.40 16. 83
Hydrolyted N(mg/100g. dry soil) 29.09 28. 04 16. 91 18. 31 23.70 20.76
Available P(mg/100g. dry soil) 2.1 2% 2. 3 2.4 2.2 2.3
: 4.83919,3.85113,2. 79686,3. 20956, 4.46324, 6.52847, 3.34146,3. 41363, rol
0. 66963 0.82769 0.92133 0.92346 0.90531 0.92370 0.87652 0.87082 0.62536 0.94994 0. 884637
0.77429 0.83244 0.81737 0.82001 0.85000 0.81990 0.86999 0.87332 0.68672 0.77031 0.86409
0.73056 0.70072 0.59752 0.59836 0.62393 0.59735 0.62653 0.62844 0.80309 0.57088 0.62775
B 0.73848 0.75876 0.69544 0.69377 0.72079 0.69597 0.72337 0.72605 0.69100 0.65159 0.73075
0.69718 0.83201 0.95407 0.95967 0.94082 0.95400 0.95598 0.93432 0.64251 0.88791 0.95371
0. 88041 0.81620 0.78200 0.78249 0.78896 0.78054 0.81101 0.80926 0.75354 0.75739 0.79983
0.74189 0.70826 0.65877 0.66128 0.65954 0.65883 0.69530 0.69654 0.79327 0.63791 0.67846
L0.70920 0.80741 0.83169 0.83178 0.82358 0.82957 0.88939 0.89467 0.64935 0.77718 0.85182.]

Ty o> Xg > Xy > Xy > Xy > Ty > X > Xy > Ty > X > Xy
Xy > Xp > Xy S Ty > Ty > Xy > Xy > Xy > X > Xy S T
Xg > X] > Xy > Xg > Ty > X > Xs > Xy S Ty > X > X
Ty > X >y > Xy > X > X5 > T S Ty > Ty > Ty > Xy
Xy > X > Xy > X > Xy S Xy > Xy > Xy S Ty > X > T
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Ty > Xy X > Ty Xy S X5 > Xy S Xy > X > Ty > Ty
Xy > X)Xy > Xy > T > Xy Xy > T > X > Xy > Ty
Xy > X7 > Xy STy > Ty > Xy > Xy S Xy > Ty > X > T
(r=0. 80000) (r<C0. 80000) ( 2)
N N N N spH N .
N N .pH . , N
s 0. 75876,
2
Table 2 Effect of soil enzymaic and physicochemicalproperties on quantity of soil biology
kS e 3 e x5 6 7 zg kY Z10 1
Y1 - + + + + + + + — + +
y2 - + + + + + + + — — +
Y3 - - - + -
i _ _ _ _ _ _ _ _ _ _ _
s - + + + + + + + — + +
ye + + — — — — + + — — —
7 _ _ _ _ _ _ _ _ _ _ _
s - + + + + + + + — - +
* 4 (r=0.80000) ; — (7 <C0.80000)
N “pH s . N
s 0. 78327, N N N N
.pH , , . o
11 CIDR 11~
1, (D T~ :9.
47,10.61,7.77,9.66,8.90, 7.95,12.12,11. 93,5.49,4.73,11. 36, 11 3
(+'2=10. 00) .pH . ; (10>+">=5) .
. . ; G'<<5) .
4 s . s
, .pH o
')>=10.00 4 8 5
V1 V2 V3 Vi Vs Ve V1 Vs Ty X7 Tg X1 Y, Y, Y, Y, Y Y Y, Y X Xy X X
. (1-AGO), e [GM (0,
5], 0 5 ( 4,
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3 [GM(0,5)]
Table 3 GM(0.5)for soil Urease(X;),pH-value(X,),Moisture(X;) and Available P(X,)

Model
Error (%)
Y1 (K)=12825.62X,(K)+4178.532X,(K)—99. 21215X3(K)—10180. 5X,(K)+7297. 815 1.15940
Y, (K)=15115. 81X, (K)+1575. 36 X2 (K)—217. 7476 X5(K) —547. 1508 X4(K)—2991. 409 0.11108
Y3 (K)=62.44495X,(K)—278. 9414 X,(K)+17. 54424 X35(K)+1592. 367X, (K)—2243. 125 0.58517
Y (K)=625.4785X,(K)+15. 67786 X,(K)—6.14269X3(K)+57. 20653X,(K)—107. 6317 0.12329
Y5(K)=28806.26X,(K)+5511. 339X,(K)—306.2987X3(K)—9093. 156X, (K)+1967. 15 1.46149
Ye(K)=11.73642X,(K)+16.22719X,(K)—1. 056068X;(K)—31.23877X,(K)+1273. 949 0.63013
Y7 (K)=90.82198X,(K)+7.026786X,(K)—1.437502X5(K)—0.2242663X,(K)—26.9739 0. 87794
Yg(K)=—28.3859X,(K)—7.853356X,(K)+0.538853X35(K)+22.60959X,(K)—12.28894 0.24187
* ()= DIY;(0 =Y, 00/ | j=1.2.....8. ¢
s s o
4
4.1 o
4.2 s 7 s
6 o
4.3 s
JpH . ; [GM (0,57, .
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