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Effects of organic materials on maintaining soil microbial biomass
nitrogen

LI Shi*Qing ,LI Sheng’XiU (Department of Resourses and Environment Sciences, Northwestern Agricultural
University sShaanzi . Yangling 712100 ,China)

Abstract: The incubation experiments conducted in laboratory and fields showed that the effects of mineral-
ization processes of organic materials on soil microbial biomass nitrogen were closely related to the proper-
ties and constitution of organic materials and relied on the soil fertility and nitrogen application. Adding or-
ganic material with high C/N ratio, the net fixation of fertilizer nitrogen by microorganisms maintained a
longer period, on the contrary the period was shorter. The fixation period in soil with high fertility was
shorter than in those with low fertility. Different organic materials had different impacts on soil microbial
biomass nitrogen. The soil microbial biomass nitrogen decreased in sequence from adding mung bean
straw, wheat straw, non-decayed excrements of horse, excrements of sheep, decayed excrements of
horse, decayed excrements of pig to manure. The organic material with rich avialable energy substance (e.
g. mug bean straw) or with higher C/N ratio (e. g. wheat straw) had greater impacts on soil microbial
biomass nitrogen than other organic materials. In low fertility soils, the effects of organic materials on soil
microbial biomass nitrogen was rather apparent, about 4 times of high fertility soil. Thereby. it’s essential
for considering the properties and constitution of organic materials,soil fertility and mineral nitrogen con-
tent, and incubation time to estimating the effects of organic materials on soil microbial biomass nitrogen.
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Table 1 Basic properties of soils and organic materials
° 2 used in experiments
1 B 65 C
N ( ) N Types of soils or Organic Total C/N
No. organic materials carbon N
C D, ( )
1
8 mg( ’ ) ~ 1@
4 .3 . 1 ® 10.2 1. 40 7.3
2 ® 7.8 1.12 7.0
15.00 g 1z '3 ® 5.3 0.70 7.4
(15.00 g, 1~2mm) ) 2
©® 6.8 0.95 7.2
, , 22%~23% 1
60 ml 1 @ 372 21.2 17.5
’ 2 ® 449 5.5 81.6
( ~10 g ~ 3 ® 418 10.9 38.3
) 4 0 167 7.6 22.0
° ’ 5 381 18.8  20.3
10 g ) o , Stanford 6 g 268 . 16. 6
, 7 — 7.5 —
. Smith'®] s 0d. 3d,
(DSoil samples, @ Incubation experiment 1, (3)Manual
7d.14d.21d.28d.42d.56d.70d.91d 112d, 0. : = . . )
) loessial soil, @Dark manual loessial soil, (3Incubation ex-
01 mol/L CaCl, ’ periment 2 and field experiment, (6)Organic materials, (7)
° ’ Mung bean straw, (&) Wheat straw, (O Non-decayed of
’ 5% 1 mm o horses, (0Decayed excrements of horses, (D Decayed excre-
s ments of pigs. (2Excrements of sheep, (3Manure.
1.2.2 2 s o s
N N N N N s 2
o ( 75 pgN, ) (
8 mg), 16 o 16 ( 12.55%), 281.38 g( 250.00 g )
s s (NH,»,S0O, ( ) s
22.55%, +  3mm , 250 ml . s 25
+1°C o o 14d,28d.,53d.78d.,103d.,138d s
. (NO3; -N+NH;-N) (275 nm ) 2
1.3
’ 7 o b
2, , 8 . 8 mg., 8 (
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16.82%), 292.1¢g, s s s
s s s 20 cm, 14d.28d.56d.84d 134d s
o 2 20 cm R
1.4
1.4.1 6.00 g 8 100 ml .4
4 . Jenkinson &. Powlson'™ 29 cm .
30 ml 100 ml s ,
s (14~16 °C) 24 h, s 2~3h,
CHCl; 0 s s s
s . 1 . 2 0.5
mol/L K,SO, Loy
1.4.2 °
2
2.1
s . 1 C 2, 3
s 70~112d. 42~112d;
s s s 7d, 70d,3
) C/N o, C/N ( 81.6  38.3),
C/N ¢ 17.5), . 3 ,
o . >
> . 2 C 3,
,C/N ( ) , ;C/N (
), , .
C/N . ; C/N .
, , , g 66 p1gN/g, .
s «C 2, ,
72.0, 47.6  38.8 pgN/g. . .
2.2
C 4. 5 6), s N
1 s s s s o
s 38.3.33.6 28.7 pgN/g, 71.8%.63.3%  55.8%.,
) 8.0 pgN/g(19.2%)  11.6 pugN/g(27.9%);
s 3.8 1gN/g(9.2%), 2 s ,
( 10 °C) ( 25 °C),
s (C/N=17.45). (C/N=81.6). (C/N=38.3), «/
N=16.6), (C/N=20.3). (C/N=22.0) ; ¢ 5.6),

(r=0.872,P<<0.01 ),



2 1 NO; -N(pgN/g)

Table 2 Cumulative nitrate nitrogen during the incubation period in incubation experiment 1

(d) Incubation period

Soil No. Organic material 3 7 14 21 28 42 56 70 91 112
W @ 5.8 9.6 12.4 22.0 29.3 40.2 56.3 66.4 76.1 85.8
© 0.5 3.5 12.3 45.6 63.6 84.9 110.8 132.0 149.7 165.4

o 0.7 1.8 2.4 2.7 3.3 3.5 4.

w

7.0 14.0 23.3

® 0.4 1.5 2.3 2.8 3.4 5.9 13.0 20. 5 30. 3 43.0
©® @ 2.4 5.2 6.4 8.3 10. 7 14. 8 21.2 26.8 31.7 36. 3
> 0.0 2.0 3 35.6 52.3 72.7 88.7 103.1 117.6 130.8
! 0.0 1.1 1.9 3.3 3.9 4.2 4.2 5.1 6.0 14. 8
® 0.0 1.1 2.0 2.2 3.2 3.3 3.3 6.1 20.5 34.0
< 2 1.2 2.9 4.7 8.8 11.5 16. 3 19.9 24. 4 28.2 33.3
0.0 1.1 2.0 2.3 3.2 4.3 5.6 7.7 10.1 15.2
® 0.0 1.1 2.0 2.2 2.8 3.2 3.2 3.5 5.8 4.5
® 0.0 1.1 2.3 2.7 3.2 3.4 3.4 3.4 3.7 12.3
¥y , ammomiun nitrogen in leachate is trace, (DManual loessial soil with high fertility, @

Control,(3)Mung bean straw,@)Wheat straw.(®) Non-decayed excrements of horses,6)Manual loessial soil with medium
fertility, (@MDark manual loessial soil with low fertility.
3 2 (pgN/g)

Table 3 Cumulative mineral nitrogen during the incubation period in incubation experimeat 2

Treatment (d) Incubation period
Organic 14 28 53 78 103 130 - .
N fertilizer ® ©
material
O — 24.5 42.3 40. 2 49.5 56.0 69. 6
98.7
o (NH,)»SO, 98.5 93.5 90. 2 95.2 93.9 124.8
@ — 21.7 63.1 71.8 88. 2 94. 8 161.5
) 161.0 62.3
@ (NH,)»SO, 66.3 86. 2 98.1 104. 2 102. 8 160. 5
@ — 4.0 13.8 7.5 6.8 8.5 10. 1
R 32.7  —66.0
@ (NH;),S0, 6.9 15.3 14. 8 25.4 37.2 55.3
® — 5.4 13.8 11.7 6.9 14. 6 81.2
, 89.3 —9.4
® (NH;),S0, 55.9 42. 4 40.7 47.9 56.9 97. 4
® — 25.1 33.3 30. 8 39.7 46. 8 58.1
. 84.6 —14.1
@ (NH,)»SO, 85.6 90. 4 83.4 87.2 85.4 111.1
® — 44. 3 57.2 57.8 67.4 73.2 99. 8
N 119.7 21.0
© (NH4),S0, 106. 6 102. 4 95.8 101.7 98. 6 139.5
? — 16. 6 21.6 23.4 36. 1 45.6 73.9
92.7 —6.0
@ (NH,)>SO, 81.6 74.5 72.6 80. 3 81.4 111.6
® — 48. 3 57.2 55.8 64.7 67.2 89.1
113.3 14. 6
® (NH,SO, 111.5 108. 8 100. 1 102. 2 98. 6 137. 4

(D Contral , @ Mung bean straw, (3) Wheat straw, @ Non-decayed excrements of horses, 5 Decayed excrements of
horses, (6)Decayed excrements of pigs, (@ Excrements of sheep,®Manure,© Average both no N fertilizer and N fertilizer,

(0Increament compared with no organic material
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’ ' Table 4 Effects of organic materials on soil biomass nitro-
R ,  C/N gen (Incubation experiment 1)
’ ° Increase
275 nm (Asrs) . Organic ) HgN/g compared
Soil material MlCt‘Oblal to control
biomss N
R8N Ao (pgN/g) (%)
o s 275
C D, 0.516~0. 814, 68.8 - .
© 92.4 23.6 34.2
b
@ 80. 0 11.2 16.3
o b
® 88.0 19.2 27.9
9
48. 4 — —
© 101. 6 53.2 109. 9
b
94. 4 46. 0 95.0
96. 8 48. 4 100. 0
b 9
41.6 — —
@ .0 2
2/3, , 49. 6 8 19
53.2 11. 6 27.9
3 9
-
19. 2 ygN/g 45.2 3.6 8.7
(101.3%); 17. 8 pgN/g (25. (DManual loessial soil with high fertility. @Control,
89) (3)Mung bean straw, ) Wheat straw,® Non-decayed ex-
o b

crements of horses, ©) Manual loessial soil with medium

fertility , (MDark manual loessial soil with low fertility.

5 ( 2) (ngN/g)
Table 5 Effects of organic materials on soil microbial biomass nitrogen (Incubation experiment 2)
Treatment (d) Incubation time
Organic . -
2 c
ol Nfertilizer 14d 28d 53d 78d 103d  138d >, Mean

o - 75.7 150. 9 155.1 239.4 150. 5 209.0 980. 5 163.4+56.5
(NH)»SO;  90.6 104.9 156.3 207.7 174.7 190.5 924.7 154.1+£47.1
® — 175.6  380.6  374.3  370.0  330.4  327.8 1957.8  326.3477.7
) (NH,),SO, 292.6 365. 6 380.1 407.0 317.2 317.2 2079.7 346. 6444.2
® — 183.9 232.3 319.5 330.9 287.3 325.6  1679.5 279.9459.6
(NH),SO, 237.2 308.0 433. 4 367. 4 352.0 357.3  2055.3 342.5465.5
@ — 84.9 284.7 295.7 333.1 298. 3 333.5  1630.2 271.7493.7
(NH)»SO, 184.4 265.9 288.8 394. 2 328.2 298.8  1760.2 293.4469.4
® — 81.8 147.2 166. 8 202.0 231.0 190. 5 1019. 3 169.9+51.9
(NH>SO,  132.0 145. 6 176. 4 217.4 215.2 215.2  1101.8 183.6+38.2
© — 99.9 231.4 230. 4 240.7 204. 6 232.8 1239. 8 206.64+53.7
(NH),SO;  114.0 240. 2 191.8 235.4 232.8 261.8  1276.0 212.7453.4
@ — 140. 8 280. 3 310.8 353.3 268.8 227.5 1581.5 263.6+73.4
(NH)»,SO, 154.9 205.9 234.8 263.6 252. 6 195.8  1307.5 217.9440. 4
® — 98. 6 194.5 206.7 229.7 194.9 227.5 1151.8 192.0+48.3
(NH SO, 147.0 223.1 179.0 135.1 149.6 198.4  1032.3 172.1+34.2

© w 117.7 237.7 257.4 287.0 245.7 259.3

w 169. 1 232.4 255.1 278.5 252.8 254.0

(DContral, @ Mung bean straw, @) Wheat straw, @) Non-decayed excrements of horses, (5)Decayed excrements of
horses, (6)Decayed excrements of pigs,@Excrements of sheep,®Manure,© Average ,(0No N application, (DN applica-

tion
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6 ( ) (pgN/g)

Table 6 Effects of organic materials on soil microbial biomass nitrogen (Field incubation expriment)

(d) Incubation time

Organic Incubation in
material 14 28 56 84 134 Mean laboratiry
o 66. 4 46. 4 48. 4 39.2 62.0 52.5 163.4
Q@ 350.0 152. 4 127.6 135.2 172.0 187. 4 326. 3
® 172.8 138.0 110.0 61.2 136.8 123.8 279.9
® 72.8 78.0 127.6 64.0 113.2 91.1 271.7
® 76.8 114.4 59.0 42. 8 82.8 75.3 169.9
©® 76.8 81. 6 57.2 84. 8 92.4 78.6 206. 6
@ 132.4 154. 0 49. 6 77.2 109. 2 104. 5 263.6
® 87. 6 68. 4 63. 6 108. 4 89.2 83.4 192.0

(DContral, @ Mung bean straw. 3) Wheat straw, @) Non-decayed excrements of horses, (5) Decayed excrements of
horses, (6)Decayed excrements of pigs,@Excrements of sheep,(®Manure.
7 Aazs

Table 7  A,;s measured in different periods

Treatment (d) Incubation period
14 28 53 78 103 138
Organic material N fertilizer Mean
o — 0. 187 0.184 0.182 0.161 0.191 0.179 0.181£0.010
® (NH4)>S0, 0.177 0.185 0. 184 0. 167 0.192 0.185 0.18240.009
@ — 0.275 0. 260 0. 265 0.223 0. 304 0. 304 0.27240. 031
@ (NH,)»S0O, 0. 252 0. 247 0. 246 0.239 (0), 776/ 18 0. 377 0.26940. 053
) — 0.222 0.212 0.227 0. 208 0. 250 0.314 0.23940. 040
@ (NH,)»S0O, 0.238 0.219 0. 284 0.214 0. 244 0.332 0.25540. 045
@ — 0. 246 0. 241 0.263 0.226 0. 286 0. 265 0.25540. 021
@ (NH,),S0, 0. 240 0. 245 0. 254 0.225 0. 290 0.270 0.25440.023
© — 0.192 0.188 0. 204 0.184 0.217 0.218 0.20140.015
(NH,)»S0, 0.192 0.193 0.210 0.183 0. 215 0. 201 0.19940.012
— 0.210 0. 205 0.221 0. 189 0.231 0.217 0.21240.014
© (NH,)»SO, 0.218 0. 205 0.223 0. 204 0.228 0.221 0.21740.010
@ — 0.277 0.294 0.311 0.213 0. 301 0.312 0.28540. 037
@ (NH,)»S0, 0. 285 0. 282 0. 299 0. 201 0. 287 0. 294 0.27540. 037
® — 0.213 0.191 0.213 0.190 0.219 0.202 0.20540.012
® (NH,) S0, 0. 205 0.195 0.222 0. 200 0.221 0. 201 0.20740.011
Ass Bn r¥ 0.506 0. 647 0.703 0. 780 0. 747 0.727 0. 814

70.05(14)=0. 49,7001 (14)=0. 623; (DContral,2Mung bean straw,3) Wheat straw,@)Non-decayed excrements of hors-
es,(B)Decayed excrements of horses, ©Decayed excrements of pigs.(@Excrements of sheep,®Manure,© The correlation
coefficients between Az and soil microbial biomass nitrogen
s . (14d)
C 8); 104. 6 pgN/g(138.2%), 89.7 1gN/g(99.0%);

(138d), 57.5 pgN/g (27.5% ),
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Table 8 Effects of coordination both organic materials and

21

( 73.0 pgN/g(38.3%), 14~138d
2,pgN/g)

°

nitrogen fertilizer on soil biomass nitrogen (Incubation ex- s

periment 2)

14~138d

14d 138d Average s .
Vi d
By after By after g
. . . . By from , s
Treatments incubation incubation . .
L1d 138d incubation ; s
14d to 138d .
- 9 o (//N .,
v 75.7 209.0 181.0
s ,
(NH)»SO, 90. 6 190.5 166. 8
b
: 123.6 266. 5 268. 4 .
{2‘+ °
180. 3 263.5 267.2
(NH,),S0, 8 63. 67 )
(DControl, @Organic material ’ ’
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