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WANG Juan, ZHANG Lijun, YAO Huaiying. Effects of straw and black carbon addition on C-N transformation and
microbial metabolism profile in paddy soil. Chin J Rice Sci, 2013, 27(1): 97-104.

Abstract: The effects of straw and black carbon addition to paddy soil on carbon and nitrogen transformation were
studied in a pot experiment. At booting and mature stages, soil C-N transformation and microbial metabolism profile
were analyzed. According to the results of organic carbon, total nitrogen, ammonium concentration, both straw and
black carbon addition could promote C-N transformation of paddy soil, thereby enhancing the yield of rice grain to some
extent. The results of microbial metabolism identified by Microresp suggested that rising concentrations of straw and
carbon had an increasing influence on microbial metabolism. The main reason behind the difference was the higher
utilization of fructose, alanine, acetyl glucosamine and lysine-HCI after the soil was amended with straw and black
carbon. The effect of straw addition on microbial biomass carbon and net carbon mineralization was significantly higher
than that of black carbon. Conversely, black carbon had higher effects on the yield of rice grain and soil carbon
sequestration.

Key words: rice straw; black carbon; yield; Microresp
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Fig. 1. Influence of straw and black carbon addition on the organic

carbon of paddy soil at different sampling periods.
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Fig. 2. Influence of straw and black carbon addition on the yield of

rice grain at different sampling perids.
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Table 1. Influence of straw and black carbon addition on the ammonium, available N, total nitrogen contents of paddy soil.
AR i e £
fb 5 Ammonium concentration Available nitrogen Total nitrogen
/(mg + kg™ ") /(mg -+ kg ") /(g kg )
Treatment - — -
AR IR A Egtuby I AR A
Booting stage Mature stage Booting stage Mature stage Booting stage Mature stage

CK 4.8940.33 b 6.38+0.29 ab 27.5740.44 a 34.0141.67 ab 1.00+£0.11 b 1.234+0.11 ab

0.2% SR 5.3840.34 b 7.137£0. 40 ab 28.5241.54 a 25.4242.40 b 1.52£0.05 a 1.34=£0. 04 ab

1.0% SR 7.59%£0.05 a 7.3940.40 a 34.32+4.33 a 43.60£9.40 a 1.36+£0.11 ab ~ 1.2840.05 ab

0.5% BC 5.90+0.54 b 6.16+0. 24 be 31.26+1.94 a 31.4642.56 ab 1.27+0.13 ab 1.17+0.13 b

2.5% BC 5.9840.42 ¢ 5.27+0.38 ¢ 32.714+2.03 a 30.0242.07 ab 1.39+0.06 a 1.47+0.04 a

[l — S Bl 5 BRAN l/NG F B R R e 500K F B,

Values within a column followed by different lowercase letters are significantly different at P<Z0. 05.
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Fig. 4. Influence of straw and black carbon addition on the net carbon

mineralization rate of paddy soil.
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Fig. 5. Principal component analysis about the influence of addition of straw and black carbon on the microbial function structure of paddy soil at

different sampling periods.
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Fig. 6. Principal component analysis of loading values for carbon sources as affected by carbon and straw addition at different sampling periods.



EOHAE - VRIS AT R S 0o K R e e U 1 R S B A T ) 5 103

RS INFS A I 3 b 5 o f A BB & i T v L 4
T R E YR AT U YRR S e
WAL AFAE B 26 (- =0. 581, P<C0. 01) , 5 B
T FE LA i (R 386 0 55 RS FR RO B A G . RS AT A
AN L3 52 ) 4 S T A ) F B L R RE AR IR RLAE
PIRETE S5 A T RRSE R . Wu A BT BB gE
it FAREFE e 4 3 YRR TE TR R AR i B
Jita £ AT D 2 5 ) -5 TR TR R 58 TR T

TEAWFTE o R HURE 8 Jin 8 ¢ Ah 34 1 sl A
Wyt e BT AR % R (A 22 SRR B B K X 5
Zavalloni 5% [ 45 5 Ho 55— B0, VWS Jin 22 e R BE ¢
RS R A Y . X — T T AT RE R 2R T R

TN B B b A A i PR TSR B B T R A
FH T RE 2 ARl - 18 19 il 2k B B

Vb B A R AR IS A A AL IR Ak DL
A B IR A S bR . SRR A TR R R
WM ds ok T DLk 8] B TAET . BAR T A
MRS Ak L 28 1, (R LB b 3 R 47 SR 2 o 3 P
F k. fE Knoblauch % "YW 5E v, =45 B 52
FEAT AR TE R A T 10 B A 2R 0 i) TR R 1 17,5
~22.7 M 3.6~6.4 %, BB AIG . LKA B
b T AR 5 L {H K T RE 2 2R e R 2D i ) A fig 4 4y
BRI i I 5 | R A b U A ML R
WG A VLR P e bR, 55 1k
A ML 2 o R AR R T A B R R
A A R R RGBT DR S 0 SR A BT e
FR T RE o M BILBR B9 8 fbth nl LR HY L B 0 2 %
IS IS FE AU B AL B A A ML B AR =,
WO T MR AT [ e 1) A R 5 T A A X AR B 1 RT
VA BT B R A I R R N AR T
8 DA R A [ E

JEE W T (SIR) AT DL AE — 5 F2 5 b ik +-
WA YT Re 45 . I Microresp J5 5 & +
B T 0 W ELA LR B8 8% 9% vk T R Y
ST E i T ey R R AT R 3R T DL A
H B2 3 7Y Biolog J5 ik T Ay v By b e ik - 338
it JES 40 B4 R ARG 50 L kA A ke i R R B9 22
WY A A ) 2 B 5 4 1 A8 Ak, DA TR VR BURE 1) 25 21
B DA o SR TR R L £ T R A R R
T2 2 1 1S 5 e T g A ) A R e KR B A
il T R A s

SN2 VRN B TR RVRS FE R B B2 T R LA

USRS LR A AR TR 2R TR AR, B
Tl AT — s R B b B I 1 e M A9 R R TRl SRR e
TS TSR 5 A AN R HURE IR [ 3068 - 398 A 2 20 Bl
fifk SR 4 SR T A — B0 HLS X IR R 22 A K
X KRR 3 7 R0 s T RS AT

R AN i R R T LA S R R
i R Bl A A T 3%, T S e X LA 5 1 4 ) el
Az i Bl R B A A T R BT ) T R A [ 7E
BRSNS T R S 5 A Bl A Ay e R e A 3
AR WA AT 25 S (B N0 A RS AR AT S
AR TR M A IR L B T R M SRR LT
R £ T 4 W 0 R TR £ A% e DALY L
ST R DI RE LA

S E k-

[1] Wang YJ, Bi Y Y. Gao C Y. The Assessment and utilization
of straw resources in China. Arg Sci China, 2010, 9 (12).
1807-1815.

[2] ERZpE. #OouE, pRE, 45 R 500 F O 20K AT I8 1 1y
S b E AR A5 AR, 2006, 22(1) : 188-190.

[3] EZE, AFY, ROUIE. WIS L B X5 AR RS 3080
R I BRSBTS S IR AR . 2005, 11(3) : 302-307.

[4] Knoblauch C, Maarifat A A, Pfeiffer E M, et al. Degradabili-
ty of black carbon and its impact on trace gas fluxes and carbon
turnover in paddy soils. Soil Bio Biochem , 2010, 43(9) . 1768-
1778.

[5] Liu C, Wang K, Meng S, et al. Effects of irrigation, fertiliza-
tion and crop straw management on nitrous oxide and nitric
oxide emissions from a wheat-maize rotation field in northern
China. Agr Ecosyst Environ, 2011, 140(1/2) . 226-233.

[6] Karhu K, Mattila T, Bergstrom I, et al. Biochar addition to
agricultural soil increased CH, uptake and water holding capac-
ity—Results from a short-term pilot field study. Agr Ecosyst
Environ, 2011, 140(1/2): 309-313.

[7] Peng X, Ye L, Wang C, et al. Temperature- and duration-de-
pendent rice straw-derived biochar: Characteristics and its
effects on soil properties of an Ultisol in southern China. Soil
Till Res, 2011, 111(1): 159-166.

[8] Laird D A, Fleming P, Davis DD, et al. Impact of biochar
amendments on the quality of a typical Midwestern agricultural
soil. Geoderma, 2010, 158(3/4): 443-449.

[9] Major J, Rondon M, Molina D, et al. Maize yield and nutrition
during 4 years after biochar application to a Colombian savan-
na oxisol. Plant Soil , 2010, 333(1/2): 117-128..

[10] Vaccari F, Baronti S, Lugato E, et al. Biochar as a strategy to
sequester carbon and increase yield in durum wheat. Eur J
Agron, 2011, 34(4). 231-238.

[11] Beesley L, Moreno-Jiménez E, Gomez-Eyles J L. Effects of



104

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

biochar and greenwaste compost amendments on mobility,
bioavailability and toxicity of inorganic and organic contami-
nants in a multi-element polluted soil. Environ Pollut, 2010,
158(6): 2282-2287.

Gomez-Eyles ] L, Sizmur T, Collins C D, et al. Effects of bio-
char and the earthworm Eisenia fetida on the bioavailability of
polycyclic aromatic hydrocarbons and potentially toxic ele-
ments. Environ Pollut, 2010, 159(2): 616-622.

W BE, 2, BRAMR, G5 RS I G MRS A W e S
PERYSZ . A 24, 2006, 26(10) : 3385-3392.

B, LR A= 53T O s At o E AR R A
#t, 2000,

WM AL, 65 55 b A A A RS BOR, et B
AL, 2006 147-148.

Campbell C D, Chapman S J, Cameron C M, et al. A rapid
microtiter plate method to measure carbon dioxide evolved
from carbon substrate amendments so as to determine the
physiological profiles of soil microbial communities by using
whole soil. Appl Environ Microb, 2003, 69(6): 3593-3599.
Xu M, Lou Y., Sun X, et al. Soil organic carbon active frac-
tions as early indicators for total carbon change under straw in-
corporation. Biol Fert Soils, 2011, 47(7) . 745-752.

Vaccari F, Baronti S, Lugato E, et al. Biochar as a strategy to
sequester carbon and increase yield in durum wheat. Eur J
Agron, 2011, 34(4). 231-238.

H /N, iV, 20 M. R I RS RS A
B B AR AR I R B WAL PR R i, 2008, 34(8): 1464-
1469.

Y, T, WAL, % K4 PR 15 R R X - et
RBORFEF R, E LS5 IR, 2007(4) « 40-43.
RHEMG, WA, LM, SRS RIS H O SO0 XA B AR
A HLERBUR IS . AR AR R BT R, 2010, 19(10) ¢ 2360 -
236.

Malhi S, Nyborg M, Solberg E, et al. Improving crop yield

and N uptake with long-term straw retention in two contras-

b [ K FE R 22 (Chin ] Rice Sci)

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

o527 A 12013 4E 1 HD

ting soil types. Field Crop Res, 2011, 124(3): 378-391.
Liang B, Yang X, He X, et al. Effects of 17-year fertilization
on soil microbial biomass C and N and soluble organic C and N
in loessial soil during maize growth. Biol Fert Soils, 2011, 47
(2). 121-128.

Aciego P J, Brookes P. Substrate inputs and pH as factors con-
trolling microbial biomass, activity and community structure
in an arable soil. Soil Bio Biochem , 2009, 41(7): 1396-1405.
Dilly O, Bloem J, Vos A, et al. Bacterial diversity in agricul-
tural soils during litter decomposition. Appl Environ Microb
2004, 70(1): 468-474.

JESCHT, BRAMR, DR, A RS RO BX 4 R A e T
BEZ FEAE IO R M. BRI RL 22 224 . 2008, 28(2) & 326-3305.
Wu M, Qin H, Chen Z, et al. Effect of long-term fertilization
on bacterial composition in rice paddy soil. Biol Fert Soils ,
2011, 47(7): 397-405.

Zavalloni C, Alberti G, Biasiol S, et al. Microbial mineraliza-
tion of biochar and wheat straw mixture in soil: A short-term
study. Appl Soil Ecol, 2011, 50: 45-51.

Jones D, Murphy D, Khalid M, et al. Short-term biochar-in-
duced increase in soil CO, release is both biotically and abioti-
cally mediated. Soil Bio Biochem , 2011, 43(8): 1723-1731.
Keith A, Singh B, Singh B P. Interactive priming of biochar
and labile organic matter mineralization in a smectite-rich soil.
Environ Sci Technol s 2011, 45(22): 9611-9618.

Cross A, Sohi S P. The priming potential of biochar products
in relation to labile carbon contents and soil organic matter sta-
tus. Soil Bio Biochem , 2011, 43(10): 2127-2134.

De Troyer I, Amery F, van Moorleghem C, et al. Tracing the
source and fate of dissolved organic matter in soil after incorpo-
ration of a "C labelled residue: A batch incubation study. Soil
Bio Biochem , 2010, 43(3): 513-519.

Chapman S J, Campbell C D, Artz R R E. Assessing CLPPs u-
sing MicroResp™. J Soil Sedimen, 2007, 7(6): 406-410.



