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PR IRZR G R A FBL R 40 . /A N B OK g
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kg hm ™%, /NAZ R E K P HEH & 2 51k P, O, 75 kg
hm 21 60 kg hm ~*, K50 FH A HLAE LUKY B (0 2 FF
L IAGE B RS RO SO AR AR, DR

AHUIER N &, 52 A2 4500 kg hm *, A HL
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w e, WA EA HLIE A9 AR B (OM il 1/20MN) 2
JHLAT TR 25 38 d 2 s T A it T AL AT Y Ak B RO
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Table 1  Soil chemical properties as affected by a long-term stationary fertilization experiment
KA A im oH EERiIR' S AR A LR
Sampling date Organic C Available N Available P Available K
Treatment (H,0)

(yyyy - mm —dd) (gkg™!) (mg kg™") (mgkg™") (mgkg™")
2010 =12 -20 CK 8.38+£0.12 a 5.15+£0.59 e 7.43 £0.73 b 1.01 £0.24 d 78 £23 d
PK 8.17+£0.12 b 6.07 £0.17 d 6.93+0.82b 30.99 +1.77 a 314 +25 b

NK 8.13+£0.11 b 4.78 £0.24 e 33.59 £15.69 a 0.87 £0.41 d 351 £29 a

NP 8.05+0.14 b 6.38+0.11d 24.99 +8.08 a 12.20 £1.05 ¢ 56 £8 d

NPK 8.10+£0.12 b 7.05 £0.20 ¢ 27.88 +8.33 a 12.20 £1.39 ¢ 210 £ 14 ¢

1/20MN 8.09+0.08 b 9.37+0.36 b 24.54 +£10.78 a 15.96 £1.15 b 2158 ¢

oM 8.17+0.12 b 11.92 £0.28 a 25.27 £10.51 a 16.87 £3.25 b 185 £33 ¢

2011 -03 -28 CK 8.92+0.03 a 4.35+0.13 ¢ 7.08 £1.83 d 1.09 £0.54 e 81 +6 ¢
PK 8.78£0.04 b 5.26 +0.31 d 3.67 £0.49 d 28.06 +1.77 a 316 £7 a
NK 8.66 +0.04 ¢ 4.32 +£0.06 e 46.20 £7.44 a 1.18 £0.42 e 346 £ 11 a

NP 8.48 £0.06 d 5.78 £0.16 d 48.90 £5.21 a 9.23+2.10d 64 +9 ¢
NPK 8.50+£0.10d 6.27 £0.23 ¢ 33.49 +£13.21 b 11.57 £3.69 cd 178 +64 b
1/20MN 8.46 £0.12 d 8.55+0.67 b 17.47 £2.91 ¢ 16.44 £4.00 b 167 +45 b
oM 8.68 £0.10 ¢ 10.56 £0.37 a 8.99 £1.64 cd 14.57 +4.28 be 186 £13 b

2011 =06 -01 CK 8.73+£0.08 a 4.82+0.59 f 8.00+2.93 b 0.92 £0.15 e 80 13 e
PK 8.60 +£0.08 ab 5.93£0.24 e 6.08 £1.10 b 26.32 +£1.00 a 288 £11 b
NK 8.46 £0.14 b 4.95+0.17 f 41.68 £25.34 a 0.73 £0.15 e 348 £ 14 a

NP 8.54 £0. 10 ab 6.56 £0.28 d 9.14£1.45b 9.58 £0.18 d 54 +£7 f

NPK 8.46 £0.20 b 7.27 £0.20 ¢ 6.40 £0.88 b 9.63+£1.05d 166 £8 ¢
1/20MN 8.49 £0.11 b 9.483 £0.42 b 9.63 £1.41 b 12.98 +0.72 ¢ 147 13 d
oM 8.49 £0.11 b 11.82 £0.16 a 11.31 £4.76 b 15.08 £0.61 b 177 £17 ¢

2011 =09 -26 CK 8.86 +0.03 a 4.06 +0.27 d 4.00 £0.48 ¢ 0.87 +0.23 d 96 +8 d
PK 8.70 £0. 15 ab 5.17 £0.61 ¢ 3.92+1.37 ¢ 20.08 +1.66 a 253 +16 b
NK 8.68 £0. 15 abe 4.21 +0.20 d 4.37 +1.78 be 0.96 +0.53 d 284 15 a

NP 8.57 £0. 14 be 5.47 £0.13 ¢ 4.38 +0. 86 bhc 6.83 £0.61 ¢ 71 +14d
NPK 8.60 £0. 16 be 5.56 £0.53 ¢ 4.48 +0.72 be 5.41£1.00 ¢ 141 £22 ¢
1/20MN 8.44 +0.18 ¢ 7.57+0.45 b 6.17 £1.61 ab 9.17+1.50 b 152 £32 ¢
oM 8.50 £0. 17 be 9.59 £0.52 a 6.48 £1.21 a 10.22 £1.52 b 161 £20 ¢

W R EE N A+ AR 25 o [l — H 4 AL BEAS [] 2 B 3R 22 538 B . 3 K F (p <0.05) Note: Values in the table are means of

four replicates * standard errors. Different letters used in the treatments of the same date mean significant difference at p <0. 05
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Fig. 1  Effects of long-term fertilization on populations of soil bacteria and Bacilli
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Table 2 Ratio of Bacilli and bacteria in long-term fertilized fluro-aquic soil (% )

KB H ] Sampling date CK PK NK NP NPK 1/20MN oM
2010 - 12 -20 25.7+3.8a 23.4%3.5ab 21.5+7.0ab 14.9+6.9ab 28.9+6.7 a 22.6 4.5 a 23.7+9.6 a
2011 -03 -28 17.2 2.7 b 17.7+1.8b  14.2+£4.0ab 16.3+£3.5ab 21.8x+4.2ab 18.6x1.7 a 22.6+7.8 a
2011 -06 -01 24.2+2.3 a 26.2+5.7a 26.5+11.2a 21.6+3.0a 19.3+4.5bc 29.2%4.1a 28.9+4.6 a
2011 -09 -26 12.0+4.1b  19.7+7.2ab 10.0x0.5b 13.1+5.4b 12.5+2.4¢  20.0+12.3a 20.3%x1.6a

R I s bR e 22, [ — S HIA R R R 22 Rk 8] i 3 K F- (p <0.05) Note: Values in the table are means of

four replicates * standard errors. Different letters used in the same treatment regardless of date mean significant difference at p <0. 05
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Table 3  Correlation coefficient between soil properties and populations of soil bacteria and Bacilli (n =112)
- A HLBK AR A R A
P Organic C Available N Available P Available K
25 AT
- 0.018 0.853"" - 0.148 0.313"" - 0.038
Population ofBacilli
240 R ‘
0. 054 0. 666 " - 0.160 0.197" - 0.116
Population of bacteria
S T 3 7 0
- 0.114 0.262"" - 0.070 0.132 0. 048

Ratio ofBacilli/bacteria

Heox, #x AP RIERLE0.05 H0.01 KT 255 B3 Note: =,

3 i ®
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T e Wi T Ry IR R R
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NS A B T I, 2 S B0 LS R B 4 Ak A ER
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T A 25 R G, it JH A AL A 4 484 m 4 22 [ FH 1
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H A 24 B A L R ST R 2 1 IR A, R
AT AR5 R 125 % 1A 2 77 0 T e T DL AR

#% Mean at 0. 05 or 0. 01 significance levels, respectively
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FF R 4 sh B IR SE , i F K e 25 Y e T
55t SRR 22 0r L Aol it 780 ] 70 AR ) AR PR 2R ) i R
B, AR B 2 KT TR R P 2B 2 AT T 1 B0 B 2 AR
b, BB RO PR B ok, BAEZR DY FERE SRR I
T M+ R W X R T S A I R B, ZF R TR 1
AR EIEREES, XL EARLLBELERAR
AT, 3 AT BE 5 3 56 M 1% 18 2 R0 R Al ) B S OR
[e] , fefi 45 4 98 b 25 M FT B8 08 it FIE Ak B A i) 17 AN ] AT
K, HR A FFIRAEIE . R4 R ) b 31 b 25 AT
VAT P00 340 B A A 2 0 U Bl BRI it A LA Y Ak
PR AR R R ORRK 32 Y Ol e, HL7E U
WG AR XSS S W EDE TR g ALIE 7E 2 £F
T T S R 2 3 P R A S R E P T ) R
YEH o

TR YRR S R 2 R HESR S 48 bR DDA
X, Hm R 7E — @ B E bR T R R KOF,
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EFFECT OF LONG-TERM FERTILIZATION REGIME ON
POPULATION OF BACILLI AND SEASONAL VARIATION OF
ITS DOMINANCE IN FLUVO-AQUIC SOIL

Wang Rui'® Lin Xiangui'" Chen Ruirui' Hu Junli' Zhang Jiabao' Wang Junhua' Wu Jing'® Zhang Huayong'
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Soil samples were collected in every season of a year from the plow layer of a long-term fertilization experi-
mental field at the Fengqiu Agro-ecological Experimental Station, Fengqiu County, Henan Province, China, for investiga-
tion of effects of fertilization regimes on population of soil Bacilli and its proportion to the total of bacteria, and for analysis
of relationship between population of Bacilli and soil fertility. The long-term fertilization experiment consisted of seven
treatments, i. e. organic manure ( OM ) , half the rate of organic manure plus half the rate of N fertilizer (1/20MN) , fer-
tilizer NPK, fertilizer NP, fertilizer NK, fertilizer PK, and the control (without fertilizer) , of which each had four repli-
cates. Results show that long-term fertilization, especially in treatments that involved organic manure and fertilizer P, in-
creased the contents of soil organic C, total N, available N, P and K, and the increase in soil organic C varied in the
range of 0.91 ~7.00 g kg ™' in all the fertilization treatments, except treatment NK. Regime of the long-term fertilization
also significantly affected populations of Bacilli and soil bacteria, which showed steady gradients in all the seasons, that
is, the populations were significantly higher in all the fertilization treatments, except NK than in the control; in the treat-
ments involving organic manure than in the treatments involving chemical fertilizers only; and in the treatment of balanced
fertilization than in the treatments missing any one element. The population of Bacilli increased in all the treatments except
treatment NK by a range of 0. 02 ~0.54 lg (CFU g™') as compared that in the control. The ratio of Bacilli/bacteria was
higher in summer and winter than in spring and autumn in all the chemical fertilizer treatments and relatively stable
throughout the year in the treatments involving OM. Correlation analysis that the population of Bacilli was closely related to
the contents of soil organic carbon and available P (p <0.01). All the findings demonstrate that, long-term application of
organic manure is more conducive to build-up of soil fertility and growth and propagation of soil microbes, and that the
population of Bacilli is a sensitive indicator of soil fertility.

Key words Bacteria; Organic manure; Soil fertility; Organic C; Available P
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