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Inprovent of biochemical property of surface soil by combined application
of biochar with nitrogen fertilizer
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Abstract: [ Objectives ] The objectives of this study were to investigate the influence of combined application
of biochar with nitrogen (N) fertilizer on soil carbon and nitrogen, biological property and spring maize yield, to
elucidate the changing rule of soil carbon (C) and N content and the biological character by combined application
of biochar with N fertilizer, providing a scientific basis for reasonable fertilization, improving soil environment
and increasing spring maize yield. [ Methods ] Field experiments were conducted in the west (Baotou) and east
(Tongliao) region of Inner Mongolia. There were four biochar rates as 0, 8, 16, 24 t/hm* (expressed as C,, C;, C,s,
C,,, respectively) and three N rates of 0, 150, 300 kg/hm’ (expressed as N, N5, N, respectively). Soil C, N
content, microbial biomass and enzyme activity of three soil layers (0—10 cm, 10-20 cm and 20—40 cm) and
maize yield were tested at harvest. [ Results ] Biochar and N fertilizer application significantly affected the

organic carbon, C/N ratio, microorganism quantity and enzyme activity of 0—10 cm, 10-20 cm and 20—-40 cm
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soil layers (P < 0.01), and their interaction was also significant in two experimental sites. With the increase of
biochar application rate, organic C in three soil layers and total N in 0—10 cm and 10-20 cm soil layers were
gradually increased in two sites. Applying biochar and N fertilizer could significantly improve microbial
biomass C, microbial biomass N, sucrase activity, urease activity, catalase activity, total enzyme activity index
in the three soil layers, and had the trend of increase first, then decrease with the increase of biochar and N
application rates. The microbial biomass C, microbial biomass N and sucrose enzyme and urease activity in the
0-10 cm and 10-20 cm soil layers were significantly higher than those in the 20-40 cm soil layer. N fertilizer
and biochar could significantly increase grain number per cob, 100-seed weight and the yield of spring maize in
Baotou and Tongliao. The maximum yield of 15.51 t/hm* and 16.43 t/hm’ in Baotou and Tongliao, respectively,
was from the treatment of C,N,,. According to the correlation analysis, spring maize yield was mainly related to
the microbial biomass and enzyme activity in 0—10 cm and 10-20 cm soil layers. [ Conclusions ] The
appropriate rate of biochar combined with N fertilizer could increase the soil carbon and nitrogen reserves,
microbial biomass and enzyme activity in Inner Mongolia, improve the soil micro-ecological environment, and
finally increase the yield of spring maize. Combined application of biochar and N fertilizer could improve soil
fertility and reduce chemical fertilizer input. From this experiment, the optimal combination was 8 t/hm* of
biochar and 150 kg/hm’® of N fertilizer.

Key words: biolchar; nitrogen fertilizer; soil carbon and nitrogen balance
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Table 1 The geodetic latitude and climatic conditions in spring corn growth period of experimental sites
B ASX L H B () SR (°0) Fé R 3 (mm)
Experimental site Ecological region Latitude and longitude Solar radiation Average temperature Precipitation
£33k Baotou 4 #R)11°FJ5 Tumochuan plain 40°59'N, 110°56'E 1861.3 18.8 389.6
il Tongliao VY15 Xiliaohe plain 43°86'N, 121°50'E 1815.8 18.5 266.3
F2 R HIRERAE S
Table 2 Soil basic fertility of the experimental sites
L o e Per Sl Py
. e ﬁ.ﬁlﬂ)’i 2% Jixﬁlil R Exﬁlt‘# KHE .
. . . Organic carbon Total N Available N Olsen P Available K pH  Bulk density
Experimental site Soil type s
(g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (g/em’)
£33k Baotou FEVR 1 Anthropogenic-alluvial soil 16.83 0.4 59.5 5.2 167.7 7.2 1.5
j#il Tongliao  Ffa) 1 Meadow soil 18.09 0.4 55.2 12.7 177.5 7.4 14
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Table 3 Biochar and nitrogen input in different treatments

A3 A (kg/hm?)  AW5¢ (t/hm?) Ab s A (kg/hm?) A5 (t/hm?) b A (kg/hm?) W5 (t/hm?)
Treatment Nitrogen Biochar Treatment Nitrogen Biochar Treatment Nitrogen Biochar

NG, 0 0 NisoCo 150 0 N.0Co 300 0

NG 0 8 Ni5oCs 150 8 NiooCs 300 8

NCis 0 16 NisiCis 150 16 NoCig 300 16

NoCo 0 24 NisoCas 150 24 NipoCos 300 24
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Table 4 Effects of combined application of biochar and nitrogen on soil organic carbon (SOC), total nitrogen (TN)
and carbon/nitrogen (C/N)

i, fb3E SOC (g/kg) TN (g/kg) C/N
Site Treatment (_—10cm 10—20cm 20—40cm  0—10cm 10—20cm 20—40cm  0—10cm 10—20cm 20—40 cm
w3k NG, 1155d  11.34d 927d 1.16ab  0.90b 1.00 a 999¢  12.54a 924d
Baotou ¢, 1275¢  12.08¢  11.05¢ 1.07 ¢ 0.96 b 1.01a 1192b 12582 10.89¢
NoCis 1389b  13.09b  12.05b .12be  120a 1.02a 12432 1091b  11.76b
NoCa 1447a 14072  1384a 1202 1252 1.02a 12112 1129b  13.55a
NG 11.64d  11.87¢  1044d 1.00 ¢ 092 ¢ lila 1161b  12.87a 9.40 ¢
NisiCs 1272¢  1293b  1L19¢ 1.08 b 1.10b 1.04b 11.73ab  11.79b  10.80b
NisiCe 1393b  1481a  12.06b l.14ab  124a lilla 12222 11.94b  10.88b
NyoCos 1487a 15402  13.74a 121a 1284 1.07ab  1224a  1200b  12.79a
NawoCo 1154c  1l1le  1091c 1.02 ¢ 0.94d 1.13a 1135b  11.82a 9.61b
NaoCy 13.03b  11.71bc  11.67b 1.11b 1.01 ¢ 1.12a 11756 11.63a  1040a
NawoCio 1459a  12.19b  1293a 1.15b 1.16 b 1.13a 12652  1052b  1l4la
NaooCar 15132 1387a  13.0la 122a 129 a 1.16a 1241a  1075b  1123a
L NoCo 1151d  1129¢  1026¢ 1.05 b 1.07b 1.13a 1092b  10.54b 9.12d
Tongliao 1264c  1268b  11.10b 1.05 b 1.12b 1.13a 12042 11.29a 9.86 ¢
NoCis 1345b 13942 12.67a 1.13a 120a 1.14a 11.87a  11.62a  11.15b
NoCa 1468a 14492  1327a 1.19a 1252 1.12a 12312 11582 11.85a
NG 1202d  1171d  1059¢ 1.06 b 1.08 b l.14ab  1139b  10.80¢ 9.26 ¢
NisiCs 13.04c  12.84c  11.63b 1.06 b 1.13b 1.08b 12252 1139b  10.76ab
NisiCe 13.90b  14.02b  12.20ab 1.15a 123a 1.15a 1205a  1139b  10.59b
Ny 15062  1521a  12.79a 1202 126a 1.13ab 12592  12.03a  1134a
NawoCo 1223d 11784 10.57¢ 1.06 b 1.09 b 1.18a 11.54b 1076 b 8.94 ¢
NaoCy 1304c  1324c  11.73b 1.07b 1.14b 1.16a 12182 11.6la  10.11b
NawoCro 1464b  13.80b  12.22b 1.18a 122a 1.16a 1240a  1130a  10.56ab
NaooCar 15332 1489a  13.15a 121a 128 a 1.18a 1263a  11.59a  1l.lla
C o . - o " NS . " s
CxN o ax " NS NS NS aox " "

& (Note) : [FFEEREAR/NG FEFRR Rl — 2R S ™A H R 22 575K 0.05 &35 7K Values followed by different

letters in the column are significantly different at the 0.05 probability level among different biocar treatments of same layer under same nitrogen rate.

** P <0.01; NS—Not significant.

Mo 2 MRS A 3 A 12 3 MLRR 78 25 it &K 7
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Yy i B3GR n, A Sk AR L 2 AN A

PLC,, Al KME, /r3licC, k¥ 8 E R
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Table 5 Effects of combined application of biochar and nitrogen on soil microbial biomass carbon (SMBC), soil microbial

0—10 cm, 10—20 cm A1 20—40 cm +JZ#) SMBC,
SMBN il SMQ ¥ G i 5 (P <0.01), H=#
)58 B AE R AR 3. 2 ANk 48 3 4~ + )2 SMBC
T [6] — Tt BKF-, A 4 o it 2 0 185 22 S 3 s
WA, 0—10 cm F1 10—20 cm +)2, £t &K
FF, Ak EE (Cs. Cpn C) BEARIEARALHEL (C))
YL ERETN 9.10%~32.78% il 22.35%~128.82% (P <

biomass nitrogen (SMBN), soil microbial quotient (SMQ)

5, KbF SMBC (mg/kg) SMBN (mg/kg) SMQ
Site Treatment o—10cm 10—20cm 20—40cm  0—I10cm 10—20cm 20—40cm  0—10cm 10—20cm 20—40 cm

3k N,C, 89.87¢  117.66d  10327c 3132b  2349¢  21.69b 852b  1037¢  1l.15a

Baotou N,C, 111.17a  175.00a  107.76bc  37.58a  3349a  22.46ab 872a  1449a 9.75b
NC,  10641ab 167.53b  125.71a 2545d  2738b  22.69ab 766c  12.80b  10.43ab
NC.,  10233b  14397¢  112.49b 2853¢c  2771b  23.58a 707d  1023¢ 8.13 ¢
NuC,  11342¢  14298¢  109.93b 42.02c  3059d  1927¢ 974b  1204b  1053b
NiwCs 150602  193.78a  170.06a 55702 61.89a  43.66a 11.84a  1499a  15.19a
NiuCe  12594b  17930b  109.66b 5074b  53.65b  40.36b 9.04c  12.10b 9.09 ¢
NG 105.09d  176.50b  102.67b 3072d  3687c¢  2044c 707d  1l46¢ 7.47d
NoC,  10657d  758lc  74.86b 5073b  2602b  21.83c 9.24b 6.82d 6.86 ¢
NoC, 135982  158.09b  79.40b 5008a  4627a  37.87a 10442 13.50b 6.80 ¢
NyCi  120.88b  17347a  118.09a 4074c  49.87a  2991b 828c  1423a 9.13a
NiCs  11626¢ 167392  111.28a 3225d  2827b  2343c 7.69d  12.07¢ 8.55b

iHIL N,C, 6429d  9673b  5582¢ 1444c  27.54b  11.04d 5.59d 8.57b 544¢

Tongliso o 10s78c 130192 66.55b 39.82a  3548a  185lc 861b  1027a 6.00b
NC, 133102 9837b  89.95a 3225b 36092  2844a 9.90a 7.06 ¢ 7.10a
NC.,  11964b  9091c  6439b 3132b  2890b  2648b 8.15¢ 627d 485d
NG, 10171c  11748¢  69.26¢ 37.59¢  3995¢  1832c 846c  10.03¢ 6.54¢
NuCs 148832 157532 99.81a 5232a  59.63a  36.08a 114la  1227a 8.59a
NwCe 131.12b  15571a  94.0la 5005a  57.7lab  34.56a 943b  11.10b 7.71b
NG 130.93b  12244b  83.34b 4346b  5412b  27.68b 8.70 ¢ 8.05d 651 c
NoC,  9803c  111.08b  77.09b 2732¢  2255¢  17.02d 8.02¢ 9.43b 7292
NoC,  12882a 144192  79.64ab  66.00a  36.19a  3345b 9882  10.89a 6.79b
NyC.o 132012  11461b  848la 42.10b  3895a  37.04a 9.02b 831¢ 6.94 ab
NG 117.67b  112.87b  80.98ab  4042b  29.11b  20.69c 7.68 d 7.58d 6.16 ¢
c o . - o " s . " s
N *k ko sksk *k sk £ sk sksk *k
CxN wo . " woe " . . " o

H (Note) : [HIZNEHE G ARG FHER R Al — 12 H—iE & T AN AP 5 A BEIH 2% 555 0.05 127K Values followed by different
letters in the column are significantly different at the 0.05 probability level among different biocar treatments of same layer under same nitrogen
fertilizer rate. **—P < 0.01.
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E5TEEMUEMRMEX SR

H 2% 8 nI A, AWk o i AT v] B E R &
KEREL . ERE L= E (P <0.05), HFHENEH
PRS2 & 2 Ko 2 AR 00 A Rk 507 45 it K
e, HEBALER (Cy. Chn C) B SRALEE (C,) f 53
I 1.01%~5.17%; TEAMERAKT-, AL (N5 .
Nioo) BEAME R AL FE (N,) B EHN 7.15%~12.64%,
R A it SR K T ) 28 5 R B 3 o A0Sk TR E 7 45 it
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Table 6 Effects of combined application of biochar and nitrogen on soil enzyme activities

Hb s, b3 Su [mg/ (g-d)] Ur [mg/ (g-d)] Cat [mg/ (g-d)]

Site Treatment (0_—10cm 10—20cm 20—40cm  0—10cm  10—20cm 20—40cm  0—10cm  10—20cm 20—40 cm
3k N,C, 23.06 ¢ 21.00 ¢ 9.93b 121¢ 115¢ 0.52¢ 1.12a 1270 139b
Baotou N,C, 2690b  2524b  11.42ab 235a 1.63a 0.91b 1.04 b 1.99a 2.11a

NeCis 28.11ab  26.84ab  11.83a 238a 1.50b 0.92b 1.08 ab 1.83a 2.06a
N,Cs 3030 a 27.83a 11.13 ab 1.90b 143 b 1.19a 1.02b 131b 2.02a
NisCo 3038 ¢ 31.13b 1059 b 247 ¢ 1.0l ¢ 0.65 ¢ 1.09d 118 b 1.01d
NosoCs 39.59a 36.18a 1293 a 4.6l1a 2.19b 1.13a 1.73b 197a 131c
NG 4063 a 3736a 1251 a 4.18b 2442 1.12a 26la 134¢ 197 a
Ny5oCas 35.02b 37.48 a 12.18a 249 ¢ 235a 0.73 b 1.45¢ 1.16d 1.46 b
NaCo 31.45b 29.46 ¢ 10.76 ¢ 181 ¢ 1.06 b 0.74 b 1.67b 0.64 ¢ 1.38b
NioCe 3821a 35.14a 12.87a 3.96a 1.18a 1.01a 1.29¢ 1.57a 2.05a
NuoCio 3821a 3533a 11.85b 3.09b 1202 1.04a 207a 126 b 129 ¢
NuooCos 37.93a 32.82b 11.72 ¢ 146 d 116 a 1.03a 1.62b 157a 1.00d
L NCo 29.55¢ 26.74 ¢ 1227¢ 124¢ 147 a 0.58 ¢ 132D 1.00 ¢ 139¢
Tongliao o 32.84b  31.00b  21.64ab 133¢ 1492 0.71b 130 b 1.90 a 2.02b
N,Cig 34.97b 34.70 a 20.99 b 1.88a 1290 0.75b 1.54a 1.66 b 2.64a
N,Cs 41.16 a 31.44b 2249a 1.68 b 1.22b 0.91a 123D 1.57b 0.80d
NisCo 38.43b 29.44d 17.92 ¢ 134c¢ 1.53¢ 0.66 d 1.15d 1.58b 1.93b
NG 51.73 a 3894 a 3249a 240a 2492 147 a 293b 241a 211a
NisoCie 50.14 a 35.28b 23.40b 241a 1.69b 1.06 b 3.64a 126¢ 2.00 ab
Ny5oCas 39.21b 3223 ¢ 2296 b 1.59b 1.57 be 0.71¢ 1.95¢ 0.75d 1.54 ¢
NaCo 24.46 ¢ 28.88 b 21.17b 1.29b 1.04b 0.56 b 123 ¢ 1.02b 150 ¢
N3G 37.69b 31.10a 26.00 a 1542 1.67a 1.05a 2.01a 1.78 a 1.81b
NuwCi,  4235a 32.13a 2590 a 133b 150 a 1.07a 2.01 ab 170 a 225a
NuooCos 36.65b 2756 b 2554 a 150 a 147 a 1.06a 1.92b 1.68a 191b
C ok ok - ok - o ok - ok
N sk sk skek sk sk sk dk sk ek
CxN ok ok - ok - o ok - o

& (Note) : [FFEEREAR/NG FEFRR Rl — 2R —iE A E T~ AR R 22 575K 0.05 &35 7K Values followed by different

letters in the column are significantly different at the 0.05 probability level among different biocar treatments of same layer under same nitrogen

fertilizer rate. **—P < 0.01.

KN, AR Ak BRAAN it ¢ A PR 25 46 0 1.60% ~
5.52%, JEILALTE Nygo, i seAb 3 2 K T AN it i ik
B, 2 ARG SR LL N Co MR, A3k FiE
LAY S A AT AR AL B (N,C,) 2 3 26.06% Al
22.48%, HPMhGE A AL (N, Cy) 3
20.07% F1 15.59%. [Fl—Jti &K, 7= bAEY)
R ER R, DL C BN R R, 3 N EUK
F (Now Nigow Nygp) 4,3k R 3L 43 5 C, AL FEEE N

4.99%. 10.31%. 4.99% F15.96% . 7.83%. 2.79%:;
[F]— i s K, ERAE I (N, Nogp) P2 i3 135 K
FARMA (N , HILL N, 2bH i Kl Ak
31T 53 B N, AR P 2N 14.28%~20.86% Fl
13.58%~15.59%,

9 n %, &5 0—10 cm +J2H#) SMBC,
SMBN. Su. Cat, Bt FIEMKE (P<0.01), 5
SMQ. Ur #FHMK (P<0.05); /&5 10—20 cm
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Fig. 1 Effects of combined application of biochar and nitrogen on total enzyme activity index (Et)
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Table 7 Correlation analysis of soil carbon, nitrogen and biological property

T H Item socC TN C/N SMBC SMBN SMQ Su Ur Cat Et
socC 1

TN 0.700%* 1

C/N 0.763%* 0.074 1

SMBC 0.498** 0.237 0.478%* 1

SMBN 0.466%* 0.141 0.515%* 0.701%* 1

SMQ 0.038 —0.124 0.161 0.883%* 0.547+% 1

Su 0.631%* 0.245 0.655%* 0.702%* 0.827%* 0.472%* 1

Ur 0.494%* 0.102 0.592%* 0.621%* 0.891%* 0.443%* 0.886%* 1

Cat 0.089 0.04 0.087 0.231 0.479%* 0.219 0.193 0.369* 1

Et 0.311 0.16 0.287 0.565%* 0.730%* 0.475%* 0.417% 0.598%* 0.820%* 1

7 (Note) : *—P<0.05; **—P<0.01.

+JZ/9 SMBN, Su i #FEAL, 5 SMBC. Ur i
EAHK; RS 20—40 cm T2 Su BT 3 AH
¥, 5 SMBN f.3EHHE,

3 e

EMIRECE R AR LR, RAIFN
A=W MVANE AT 25 1Y SOC & 4

3.1
HrpA:

Vil £ R . MR — B A 60% LL ERYRRIC
R, HHEARER TR, AT 1
B el 9 SOC™Y, TR N A 2 & A W] B 1Y
e e, EBIBREAF BRI AWk 2
TN &5 i 22 Z LA RIBOR Y 3% i R R
TR AR T3, AT R R B T, RS
RUR, dEm e LA TR, A A
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Table 8 Effects of combined application of biochar and nitrogen on grain yield and component factor
of Baotou and Tongliao
HhLAS Ab AL (FH/hm?) TR ChL/B) TR (g) FEhE (t/hm?)
Site Treatment Ears number per hectare Grains per spike 100-seed weight Yield

3k Baotou NG, 74250.34 565.20 be 3451b 1231 ¢
NoCs 73875.36 579.33 a 35.52a 1292 a
NoCis 73778.10 570.90 b 35.64 a 12.76 ab
N,C,, 74667.00 562.27 ¢ 3520 a 12.56 be
NisoCo 73444.79 613.67 ¢ 36.70 ¢ 14.06 ¢
NisoCs 74861.45 64233 a 37.94b 15.51a
NisoCis 74305.93 625.87b 38.72 a 15.31 ab
Ni5Cas 74097.57 625.40 b 38.55a 15.18b
N;oCo 73972.55 612.07 be 36.79 ¢ 14.16 b
N3Gy 73569.78 625.40 a 38.01a 14.86 a
N;0wCis 74105.90 619.20 ab 38.02a 14.83 a
N;0Cos 75417.03 61133 ¢ 37.38b 14.65a

i3S Tongliao N,G, 75411.52 588.20 ¢ 3557 a 13.41b
NoCs 75555.96 618.60 a 35.76 a 1421 a
NoCis 74611.49 617.67 ab 35.86a 14.05 ab
N,C,, 75167.08 610.07 b 35.76 a 13.94 ab
Ni5Co 75667.00 662.47 b 35.77 ¢ 15.24 ¢
Ni50Cs 75983.65 683.93 a 37.19 a 1643 a
NisoCis 76500.40 681.40 a 36.08 b 15.99b
Ni5Cas 74911.52 687.20 a 36.36 b 1591b
N;oCo 75222.61 654.93 b 3595a 15.05a
N3Gy 7455591 67333 a 36.23 a 15.46 a
N;0wCis 74722.61 671.47 a 36.04 a 15.37a
N Cas 75367.08 653.67 b 36.04 a 15.09 a
C NS s sk s
N NS s sk s
CxN NS sk sk *

# (Note) : [FIFNEHEEAF/NG FHREFRR W — i ZUE T A AE Y AR ] 25 575K 0.05 527K F Values within a column followed by

different letters are significantly different at the 0.05 probability level among different biocar treatments under same nitrogen fertilizer rate. *—P <

0.05; **—P<0.01; NS—Not significant.

KHIREF I, A4 B it 8R4 o it 4R 2 P
KT SFIEXMARERRR, I+ B e
UERA, A9y Al HEIR NO, R UM gk 1 3] g s fg i
], BB ZRANEAER], X8 ZIE R IR
BAEEE L, AR, 78 0—10 cm F1 10—20 cm
i 2, YR BEEM T C/N, &l TEY K
PR E — AN KA B RS, A S B

BET 0—20 cm 12 SOC & &, Mid¥ritaE

H W FHE FH/NF X SOC W B4 7T, TR R THiE

FE/NT SOC F3 C/N 3 i .

3.2 AYRBChEEBEST TIE A Y FRAYS T
A=W e VR IE AR 38 A Sk R R R R

PEAE T SICE W A A RV T B B SR SRR, R

e U B — 3o B 2 i R A W ) e R LB R A, TR —
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Table 9 Correlation analysis of soil organic carbon, total nitrogen, microbial biomass, enzyme activity
and yield of different soil layers

i H Item soC TN CN  SMBC SMBN  SMQ Su Ur Cat Et

P 0—10cm 12
. . 0.286 0.045 0.513  0.737** 0.883** 0.611* 0.796*%*  0.691* 0.746%* (0.784%**
Yield and 0—10cm soil layer
7R 10-20cm 1= 0.326 0.272 0.146  0.647* 0.783**  0.497 0.877**%  0.604* 0.061 0.537
Yield and 10-20cm soil layer ' ’ ’ ' ’ ’ ’ ' ' ’
i 20—40cm +2
0.299 0.458 0.668 0.718%* 0.293 0.731%*%  0.512 —-0.003 0.486

Yield and 20-40cm soil layer

¥ (Note) : *—P<0.05; **—P<0.01.

5 (AR TS RE R S I TR B, T R
PR ECRFEE . DRGTRIY, AERERUAE Y IE 0 B
FTFEERE 20~25 (BRAN 1 A4, YR IE 7 i U
FEXFAN L, - 498 [ A i L L 9 e g, i R
REAR 8 20 R A i 5, S R IR A
= E, AP R Rz 2052, W2 e )
THIMA TR A R A AL, WA P8 mT
FETHEIN . FEABEGE , BUBIHE I A e ] A
/5 SMBC Fil SMBN., X J& H T A ¥ s R iy 3R T AR
IR 5 114 W B 7 e 8% DR A7 B8 22 vl (5 R i g
YR AR ) ZFLEEF R R R AL T
e, HA Y skt s C/N it K, SMBC Ml
SMBN A i T & (1 2) , 3% i o it ST 1
A i AT o AR AR S0 25 2, FE RO 150
kg/hm® L5, SMBC Al SMBN 4.1 2 K T sl
Be, Uk BN 7 0 U E T L T A s Sh T
A L, ) IRl IR A Y 3 2 I SR S T
YrBcE . B4, i 16 t/hm? F1 24 t/hm? 25 9y 5 FEAR
T 0—10 cm A1 10—20 cm +JZ SMQ, R N4 W5
A LA BT R SOC, 1 SMBC 42 SOC ] LAk A=
YA RO A HLER . 2 SMBC iR/

SOC &g, EA 1M L SMQ JFih F R

IR A BB Y, R R RS
WBE ) A LAR Sy, HTE PR REAE S e - 1 h 2% b
A E I R SR EE T 1], BIA R AT DARAE +
B EEARR . YAT, A A X T
Bt PR Ao E AR e S Rk . AUE IR DL AL
AEYIEYEA CRLANER L . Su 25 SOC 13, HfE
AR RIS KA s Ur AR ZOK A2, 7T 3RAE
AL R Cat 3 1 BEE S N K it E AL A
— TR EE AT DA e A A ) SR A R 1 i 5 L
T PR . BROASESIRRR A 1, AT i
FPE RN -FOREEVEZEAEY) 14 Ur A1 Cat 344,
X Su SEMAS il o JBT 56 0 S5 03 s A ) A R
U0+ T IERRE PER AR R, Wn 67.5~112.5 t/hm?
A=Y R RERS 1 B = VD 4 3 Su RN Cat TEPE, {HXT
Ur S . AR R, FORFEFFAE Y Xt
PEm Ur M2 0%, [ AR 45 RS AH A,
X A e A B I I 1 5 M) A7 LA A i
FE . AR KA TR TR R RS e .

ABFTEEE R R, 2 AR 5t 0 A e R &
ul i P 3 S, Ur IS PE LK Bt XS24
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Fig. 2 Relationship between soil microbial biomass carbon, soil microbial biomass nitrogen and carbon/nitrogen
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Wy e G INT HHER IR A HLA S RO, BRI
O R T HCE P, R T AP, it
11k ARG AL T 2Ry /AN Ur KA
RIEI N — R & T Ur M. AR GRS T
0—10 cm + )2 Cat {fit &t TR )2 HHUE MAE Y i
TGERIGH T, Cat RAF A WG PEM S HERE, W
TGS INSE M T Cat 16 o ¢ U C e 558 B 20 e e 5%
RN T SEBGE R RS T, X TR A IR Y
B RE T SR R RS M, LA B R AU it
il £ ERR AL 2 T R AR KB TR,
e TAE N E D = 3R s . 534, A&
WFFE T Su 1 Ur 1514 BE 25 - J2 00 0 R 28 7 ek /b 2 1
AR Yk E AT 0—20 em 12, H—
ANERAEFEETMAFED, M 20—40 cm +)2 H3E5E
G, KA RV K B 25 B ALAS R F A i A=
K, BASEIEEEH TR ITAERMIFR R85
A TP LR BRIt R R A S R I T S, T A R it
o A i, ARG b, AR e A O it IR
J&i, Su. Ur {ifitERL I Bt $59KF Bt sic db 2R, 33X ik
AF 3o 2 it e T R0 RS AT T Al A A v e S A
MEERNCAN T T H AR, HEAARTA, MUk
PR g, S R A R 2 B 0 . X
- MR G5 1A e R T A DG BT R B, R
TAY B AN B S T SOC Ml TN &, if
ST HHE C/N, C/N 528 Yt Bk
B IEAH G, Uh B AR W e it 0N 5 e )+
BEC/N, T [RIZ38 0 T 4 R Gl A o R S 1k
X5 RIS HA S,
33 HEYIRECHEEENSEEKZEMEMN

BN IR0 A S8 IA L7 byd Wi 0 Wi sROK (L7
IR RN, 38 Ak O U8 T VR
Fri, AR R AR FH R A 0 e 1 ) 0 A DA B
B M ORI BT 25 e, AR R, Y
A NE R R A% 4 5 F EORBREL . EoRiE &
FeE, H Nog, F Ny, [ 2E AR E . R K 1k
A ) e R MES il S ) 8 2 5 T R AR Y
o2 AR S L 8 t/hm?® AL 150 kg/hm?
RSP TR B, R R 2 5 B0 2
hAE SR, MEAJE BT CON W, R
T HERE WA RN, S0 T EDE; 5
AN, Wit £ 4 S8 SOC M, AR s L
SRR R g HHEA™, @R S 2 A
MR, P25 0—10 cm Al 10—20 cm jifik 12
(1) Z2 504 I S 0 S IR A G, B, A it

FUIE 32 0 5 2 7 0—20 em 2 G Wi R il
MM oK, AR, EYRXEY
I 2 T R DR A RE K — Y BRI,
Major A5 1ot A= W A it i Xt T K K G 1R 1 Z24FR
BB, 20 thm? AEWPARAESS | AFXE = I AN
F,OEFE 2~ 4 IR AR T, 7RSS 4 IR T
140%, A0 —4F W X5, {58 T M2
S, X T A R it IR R S LA RIS A
HE— 25T .
4 45

A= ) e R RN TR it T i B e - MR R
HETT AR - e AU s AR T ZRUIE W e 3 3
TIECEY R R . RERERG . IR . 4
SRS T DL R SR, A e s R s
A= D BSCEE B A S PR AT s e AU it T 4
BT EARRE . EoRE &R, L8 tvhm® AE YR
Jiti 150 kg/hm? ZNEHY P80 R B BH I8 . A= W A RUIE
A PO PR T AR 7 . AR K R R A S
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