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Decomposition characteristics of maize roots derived from different nitrogen

fertilization fields under laboratory soil incubation conditions
CAI Miao,DONG Yanjie, LI Baijun,ZHOU Jianbin "

College of Natural Resources and Environment, Northwest Agriculture and Forestry University/ Key Laboratory of Plant Nutrition and the Agri-environment in

Northwest China, Ministry of Agriculture, Yangling 712100, China

Abstract; In natural ecosystems, soil organic carbon is derived almost exclusively from residues of previous vegetation or
from contributions of growing plants. Roots have long been suspected to be an important source of soil organic matter. After
grain harvest, the decomposition of root residues which remained in the field will contribute to soil fertility and crop
productivity. Different fertilizations will affect the quantity and chemical properties of crop roots to varying degrees, such as
root biomass, carbon and nitrogen nutrient contents in crop root. Recently, more attention has been paid to the effects of
root residue decomposition on crop yield and soil physical and chemical characteristics, for instance, crop roots remained in
field play a role in sustaining soil moisture and increasing soil organic carbon in microbes. In this study, the relationship
between decomposition of crop root residues and soil carbon and nitrogen transformation under different nitrogen fertilizations
was discussed. We collected maize roots from a 7-year long term different cultivation and nitrogen fertilizer experimental
field located at the south edge of the Loess Plateau (108°04'07"E, 34°17'56"N) in December 2010 after maize harvest.
Maize roots in 0—20 cm soil depth were gathered from field plots in 0, 120 and 240 kg N/hm’ treatments and marked R,
R,,, and R,,,, respectively. At the same time, soil samples were collected in 15—20 ¢cm and 45—50 c¢m along the maize

protection belt. Air-dried soils of 100 g in the two layers were mixed with three maize roots in proportion of 2% dry weight
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respectively and incubated at 25 °C for 105 days, soil moisture was kept at 70% of field water holding capacity. During the
incubation period, soil CO, release, microbial biomass carbon, dissolved organic carbon and mineral nitrogen contents in
soils were determined regularly. Also, we applied a kinetic equation to fit the cumulative carbon mineralization amount of
maize root with the incubation time. The results showed that C/N ratios of the three different nitrogen fertilized maize roots
were R,(130:1)>R,,,(74:1) >R ,,(65:1). It was found that carbon mineralization rates of maize root ranked in the order
that R,,>R,,, >R, in two soil layers. At the end of the incubation, there performed a significantly negative correlation
between C/N ratio of the three maize roots and their cumulative CO, release amounts. Root carbon mineralization ratio,
potential carbon mineralization amount, soil microbial biomass carbon and dissolved organic carbon contents were all highest
in the R ,, addition treatment compared to the R, and R,,, addition treatments. Soil mineral nitrogen content significantly
increased at the beginning of incubation in R,,, and R,,, addition treatments. At the two soil layers, carbon mineralization
ratios of R, R,,, and R,,, were 51. 7% , 26.4% and 27.8% greater in the 15—20 cm soil layer than that in the 45—50
cm soil layer, respectively. The findings demonstrate that decomposition characteristics of crop root under different
fertilizations should be taken into account when we evaluate the effects of crop residues returned to soil on carbon and

nitrogen nutrient cycling in farmland ecosystems.

Key Words: maize root carbon mineralization; soil microbial biomass carbon; soil dissolved organic carbon; soil

mineral nitrogen
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Pt ,90°C A FH /N ,60°CHA By FrIf a1 mm 0, 42 BEAA [A] it 0 2 A BVR S 39 50 5 4 . UCEE oK AR
TERIN | SR F R AR 15—20 em F145—50 cm W12 T3 SIRVEWIE A 228, XCT, BEgh
2 mm FEEEH, HIERES K ERR A AR I 1 R,

x1 TERFERREFRERER

Table 1 Basic properties of soil samples and maize roots

P 4 pH IR (g/kg) A/ (gke) C/NH BReAES/ (g/ke)
Sample Soil pH Organic carbon Total nitrogen C/N ratio Soil CaCO;
13 15—20 7.76 9.05 0.90 10. 06 67.92
Soil /em 45—50 7.96 4.68 0.41 11.41 10.73
FORARTE Ry — 413.70 3.18 130.09 —
Maize root Rix — 422.63 6.48 65.22 —

Ry — 444.70 6.04 73.63 —

“—" FOR IR AR E

1.2 F iRl

PAESA 1520 em A1 45—50 cm PiANJE UL Ry R yp \Rag 3 0 0 280 8 Ak 280 5 AR HE Ay 5 4
2, [N F AR B I ot BR 28 07 28, 38 8 AN B b B & 15 IR, BRI T 4R
D5E 4965 K i INZRIR/K 25K 2 5 R K B0 70% |, B 3% — J8 AR 3 wnid vk . Rt
FE20 g(HEHET 3158 |3 PR RNl 0 A B FORARAELL 2% 1 EL 53 51 5 AN 2 I EREIR G 351 5 36 A
BRSO, RIS AN AR 2E 1) 138 X0 B ( CK) FJC R IEAE i 28 AR B, AR5 1.2.3.5.6.7.8.9.11.,16,
18 22 26 30 35 41 47 .53 .58 .64 .70 .76 .79 .84 89 93 97 103 .105 KillE £ 4L B CO, Bt it IF T3R5 0.,
10,3060 ,100 KHU4AbH A 1y 3 4N F 42 0 52 - Sl b e TV MEA HLBR RN RS RS i
1.3 Zrran B e 77 ik

SR TR AR T A LR T EE AR TR B - AN A, 5 RN R ARAE rh 2 R 2 Gl DL I 5 1 e
P45 SR P AR A 5 38 /K B VLT3 s pH (I K R LRy 5107

CO, Bl R FHBBR M e 2 1 B4%AT 10 mIL 0. 1 mol/L NaOH ¥V B B RHH AR AT + AR 5 55
BTR—AMET s % s, BT 25°C iR T, 2 W NaOH W, IF FFRE LR R K4, 1.5 mL
1 mol/L BaCL,JTHE-0. 1 mol/L EhFRIA W & 4% NaOH 1A , AR NaOH VAL B AR 3518 CO, B,

IR Y I E R T LR R T 0.5 mol/L K,SO, =248 (/K T 1 4:1) | 3 i &
DL ZE R 2R R O 2 R LI R B ke, 153 (Kp =0.45) 12 HIERTEMEA HLERFH 0.5 mol/

L K,S0, =242 (/K F 1 4:1) , TOC 734X ( Phoenix 8000) M3 . 58" B EH 0.5 mol/L K,S0, 42 (/K -1t
4:1) TS TN E B RS RN H S AR A RS 2
1.4 Witk

Bt 70 R ] Microsoft Excel 2007 1 SAS 8.0 #1F#E4777 225047, Duncan 54T 2 8 L, RH—R3h
Ty TR S TR (LA 72 1)) AR AL ) kst €, = G, (1-e™) , 3h7b €, itk
FEB (LRERKIY CO, Bt,C, i « AHALIR SBVBEIIN CO, itk IR FE R LR 7, , =In2/k,
2 HREHM
2.1 AREE R AR R

Bt A P A [ AR B FORARTE CO, BERGERANM 1 o, HiRE iR BB 3 MR FEAE PR IR
LA CO, R S5 , BN ]2 K BT WG, 5k 5 4 A A KA o B 9 5 P M 24
XKoo Hik 6 G 15—20 em /2 EHEKALFE CO, BEAGHF I FHE 1M1 45—50 em £J2 HHEHF 3 FJG CO,
B TR, RRME R E AR, Ry, FI R,y B2 CO, BEHOEZE T Ry, Ry 15 Ryy 211
ERARRE, HRFWI(>80 d) R TR (Ll F AT 10 mg-kg™d ',
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Fig.1 Dynamics of CO, release rate of maize roots derived from different nitrogen fertilization fields
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R,,, ZH LB 2R, 45—50 em +J2 HIEH R, I R,,, WA BHEWT LB AL E T R, . WA (HT
20d) 7 15—20 em 12 HHE P AR A 40 0 o5 R A 3 R B (105d) M A HLER B AL S Y 52, 249% —
55.01% ,7E 45—50 em TIEPARTER fb i A HLIRE fL S5 1Y 32. 67% —46.65%
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Fig.2 Amount of cumulative CO, release of maize roots derived from different nitrogen fertilization fields

AR PR T ORARFE A - b A e R DL 3R 2, 53R E5 T (105d) 76 15—20 cm M1 45—50 cm + )2 44
R [t R AL B B R AR ZE CO, BIBICRII N R,y 555, Ry K2R, 84K, 15—20 cm #145—50 em +
23R R, BN CO, BB R, 73375 23.69% H148.44% , 255 .3 (P<0.05) ,R,,, 1 R,,, #
HZMEFARE,

ARTRI AL BE R AR AR TN Ry R A5 R EHARTE CO, BBUREHE: (5 55 75 4 i Im AR 7 R0 BILBs 75 1 11
Fefil, a2 AT 0L, BE R4S A R TR Ab B R OKRAR RS L3 7E 15—20 em M1 45—50 em + 2 | N R,
>R, >R, ,3 PIARFEA B[R] 25 57 W35 (P<0.05) . AR LJZM L, R, Ry Ry BAEFE 15—20 em 12 LR
W AR a3 3 L HAE 45—50 em )2 385 51.70% 26.41% 27.84% .,

32 PR, RAH—K S 1% PG FORMRAE CO, BRI bl 15 5% B (8] 28 16 77 4 19 AH ¢ R B8 18
FH B E K- (P<0.01) . ANE )2 EHErh ARG R T L& C, N Ry >Rop0>Roo A2 HHEE,
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15—20 cm 12 + 3 T KRR AR TERLERRT (L e/ T 45—50 em - 3EAIR AR FE A Wil PR B 128 &) 5% ok 3R & A
15—20 ecm )2 HHERTHE 45—50 cm +)2 58 BIZE T2 L R, Ry, BT R, HRHE AT Mo B 21 J8) 4% 1
WEZHHRK2.13.4F14.4d,

®2 AEERESAEFRREETERE T RN FEEE
Table 2 Decomposition characteristics of maize roots derived from different nitrogen fertilization fields in two soil layers
CO, R

WH LR/ %

=/C by kg C
j:.);/(m L e /(mg{ &) Carbon 0 krd™! T\,/d R
Soil layer Ireatment Cumulative CO, . L. . /(mg/kg)
mineralization ratio
release amount
15—20 Ry 2708.50+22.75 b 33.39+0.28 ¢ 2569. 85 0.0144 48.1 0.993
Rz 3350.21+10.88 a 40.43+0.13 a 3319.58 0.0320 21.7 0.998
Ry 3279.87+23.54 a 37.61+0.27 b 3281.68 0.0312 22.2 0.998
45—50 Ry 1785.41+37.14 b 22.01+0.46 ¢ 2303.52 0.0138 50.2 0.999
Ry 2650.31+65.79 a 31.98+0.79 a 2663. 64 0.0276 25.1 0.994
Ry 2565.66+17.14 a 29.42+0.20 b 2618.06 0.0261 26.6 0.996

ANTFINE FREFR R [R]— 2 A Ak B ] 22 57 35 (P<0. 05)

2.2 IRINEARMERXT Rk AU S 5
2.2.1  HHEMCEYRER (SMBC) F R sh 5L

A 3 A SN B RARAEAL FRAE 15—20 em & 45—50 em )2 38 b i b e ik 5 1 Y 30 o0) IR £ 3
REHE (P<0.05) o BN 3 FASTR] i 205 b 2 E KA FEAL BEAY IR TERE FR A2 1 15—20 em F1 45—50 em
+JZ SMBC ¥ 8 B [ 40514 355. 88—468. 37 mg/kg 1 103. 57—180. 42 mg/kg, 53210 (105d) Wl —+
JERTRIME AU FORARTEAR B SMBC P34 85 48 Ry, 35, Ry K2, Ry AEBEIRAR, Ry 15 Ry ZII2ESA
&, 15—20 em £JZ2 3 CK R, Ry Al R,,, A0FE 3R 9y ik 1) F- 25 &5 524300 R 45—50 em + )2+ 4%
FARZARERAY 13.45 3.12.2.55 F12. 65 5, 225+ .3 (P<0.05) . 1577 10d if 45—50 em HJZ P BN R, |
Ry Fl Ryyo ARFEAYALPE A S50 Wy e i i A AR 1R (0 ) #2175 1 11.94% —43.96%

—e—CK —8—Ro ——R 120 —<—Ro4p

500 500
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D 400 400 |
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Fig.3 Dynamics of SMBC concentrations in soils mixed with different maize roots during the 105-day incubation period
2.2.2  RIERETEA LR (DOC) i sh S22
F P 4 T DL, 8N KA AL B 15—20 em F145—50 em +)2% +3 DOC & B840 I8 H 4 i 4 . 8%
Frid R 15—20 em J 45—50 em + )2 £3E DOC F-2 & 54314 90. 1—155. 6 mg/kg £l 52. 0—160. 8 mg/
kg, Ry Ry Ry A ZER AR ZE . DOC V3 & i A 45—50 em HJ2 HIE R, A3, 5kl 45—50 cm +

http ; //www. ecologica. cn



14 # BN AR AR SRAL B R ORARTE £ S B 20 e 4253

JZ CK AbHE, [A]—+ )2 +3E DOC SFH &80 Ry, fieHr, Ry IRZ LR, MK, 15—20 em +J2 CK. R, Ry, 4t
H DOC P& 7 45—50 em £)Z530015 73. 4% 28.0% F11.7%

T % 30 d B 15—20 em 1 )2 &AL 3 DOC & i 38 B8 A 35 57 W 0] /%, U 4R DOC & AR T
26.9% —45.9% ;45—50 cm T2 CK ZLFAE 30 d B DOC & ik, HoRAb B DOC & 878555 10 d Ik
B F AR, B AAFEAR T 60. 5% —71.2% , ZJ5 45 A0+ 1 DOC & 5 B Wi it s, 55345 1k, 15—20
em F145—50 em )2 Ry R,y Roy 20 P DOC & I IR LG 3 HIREIL T 14. 0% —35. 8% H131. 4% —
61. 1% , 5 R, 43 DOC & & N Z R, AHIRZ R, KB T REIR B /N

—+—CK —8—Ro ——Ri0 —x—Roa
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Fig.4 Dynamics of DOC concentrations in soils mixed with different maize roots during the 105-day incubation period
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63.7%—96.1% #180.0%—95.8% , H:rh 15—20 ecm + )2+ R, AbFG SR S8 FREEE R, BE
10d 2450, R, \Ryy Ml R,y AP+ 380 FRA A S B 0 E KT X B 5, 3 R, (R, AT R,,, HRZE 4540 21
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Fig.5 Dynamics of soil mineral N concentrations in soils mixed with different maize roots during the 105-day incubation period
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Jrsgn, 55 5% 100 d BFA7 AR & B AE 15—20 cm fl 45—50 cm + 2 S B LG 3% 60 d BFXE N T
14. 17% —338.45% F136.41% —235.96%
3 Tt
3.1 R[Al AL B E KRR EETE 13 b o e M 25 5

ISR R EORARE ) A sl AT, 55 SR T AR A B i T T e 4 e, B 5 R P R AT, L0 i R TR 1Y
CO, B WFRAR, BXIE P B 5 i 4 I AR Th Bl A HLRR A1 AR 1 5 45 &) o3 A8 L) Joa ) 80 T AR, T A )
MERERF R 205y (IR TR (2155 ) BB 6 S HAh 2= & e g R —30
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