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Effects of nitrogen fertilizer application and straw returning on stable organic carbon of cinnamon soil

HUANG Lei', ZHANG Ran', CHEN Yali', NIU Cuiyun', WENG Liping"", MA Jie', LI Yongtao’, ZHANG Zhe®

(1. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. College of Natural
Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 3. Liaoning Academy of Agricultural
Sciences/Fuxin Agricultural Environment and Farmland Conservation Scientific Observation Experimental Station, Fuxin 123100, China)
Abstract: In this study, the effects of nitrogen(N) fertilization and straw returning on the content, fractions and stability of soil total organic
carbon (TOC) were investigated. Soil samples were taken from Fuxin Agricultural Environment and Farmland Conservation Scientific
Observatory Experimental Station in Liaoning Province, China, where the treatments were continuously maintained for eight years. The soil
samples were analyzed using methods such as acid — base extraction, density separation, metal hydroxide extraction, *C dating, and
chemical oxidation. The results showed that, in comparison with the control, apply only N fertilization (N1) decreased TOC content by

5.5%, whereas N fertilization in combination with straw returning (NS) increased TOC content by 2.8%. In both the N1 and NS treatment,
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the carbon and nitrogen ratio was higher than that of the control. Upon N1 and NS, the fraction of acid-base extractable soil organic carbon

(SOC) decreased, in which the fraction of humic acid (HA) decreased from 63.6% to 49.5%. Correspondingly, the acid—base non—

extractable humin fraction increased by 25.9%-39.0%. There was no significant difference in the proportion of the light and heavy fraction
of SOC between treatments. The heavy fraction was dominant, accounting for 62.3%+0.4% of TOC. The ratios of extractable C to Fe and Al
was very low, indicating that, besides oxides bound to Fe and Al, most SOC in the heavy fraction was associated with clay as coagulates and
coating. “C dating showed that the average age of TOC in these soils was around 2 000 years old. Overall, the long—term stable SOC
dominated in these soils. Due to the addition of new organic carbon, the application of N and straw increased the mineral-associated
humin-like SOC. However, because of the priming effect, a fraction of original stable SOC was decomposed, leading to a decrease of fulvic

acid-like SOC. The instability of newly added organic carbon and the degradation of stable SOC stimulated by the priming effect limited

the contribution of N1 and NS to TOC accumulation.

Keywords: nitrogen fertilizer; straw; cinnamon soil; stable organic carbon
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RN AN LT 55 T B, 0P 1T RAEFIRG ATk HX
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e it HE 7 0 3 v A AL 55 PR P P 532 ) 2k
SLAIBLER, S B b AT g % 4 88 TOC J2 A9 A8 B4R
PR

I RS TR

1.1 TEFEMIIFRE

At R E B AT T4 [ AR PR R UL S
B0k (42°11'N, 121°25" E) , iS5 vl v F B8 52l
W IR R Y E R T RO KA, 2R
R T 2K K AR R K, BRI E, 4R L
BRI KA SRR , 4R R 7K £ 300~500 mm,
ARSI BE 7~8 °C, JOFE 1 135~165 do i X S A A
il B R — A — 2, B3R A £ R A I i
F 2013 ARk ZE , BEREAY - HEAE S AL HE 3 AN b B, 435l
R ANt ZNE (CK) 7 it /I (N 1) 1 it 2+ 2
TR H(NS) |, H [B) 356 it AR A B 4N 35 1 FoR |, BT Ay
Ab B A7 ) S 50 O ERAIE . RN DX SR FH 5
PN IR T, B/ NX R 3B EE , AN X
TH AR 50 m*(5 mx10 m) , X AEY) S FoK , Rivie 25 B
H 6x10* ¥k +hm, 47854 50 em KEIE 4 33.3 cm, £ 2K
SEHI B 6 000 kg - hm ™, Bk ZE AR 5 NS A0 #LRS FF
22 R R (0~30 em) 406 H L, 38 H & 29 9 000
kg+-hm™, SRAEMFE] A 2021 4E 9 F , G4F £ K HHT .
/N DX H HE LS ORE 7R R 4 0~20 em (1322 18R
B N—AFES B R LR T2 B A

#1 HE{EZLENERER

Table 1 Fertilization of each treatment in field test

RAIE(N) BEIE(P.0s)  HE(K0) LT
; . FEFF
Kb Nitrogenous Phosphate Potassic .
o e e Straw/
Treatment fertilizer/ fertilizer/ fertilizer/ (kerhm™)

(kg+hm™) (kg'hm®)  (kg-hm?) &

CK 0 150 75 0

N1 240 150 75 0
NS 240 150 75 9 000

T 2 AT B B 5k D o 0 R % (129% ) 6.25 kg, B 1 41
(51%) 7.35 kg, FR % (46%) 2.61 kg

Note: Converted into fertilizer, 6.25 kg of calcium superphosphate
(12%) , 7.35 kg of potassium sulfate (51%) , and 2.61 kg of urea (46%)
are applied per plot.

S VEL AR SR 2R, IR - BT i 4 B ARAR /N T 2
mm 5 R
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4 3% pH # BE/K - BB 10: 1 ¥ 207R & )5 A pH
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E AR A A g B A ER, Bk A L TOC Fl
AR Ak, AR AR b B 7L
SE Tk R S 15 SR HP R o O o, 4 P
A R FH = S A S B A R S - e P T
M7E .

A3 90 R P R P IR ke (OX) VR 14— IV A R N —
A8 IR 1 — ik R 4 ( DCB) 2 AN [] g i By 42
B3 b i 4 8 SR R P RIS B, AL R
BB TR R FHERE AL (1ICP-0ES) (iCAP 7000, Ther-
mo ) I 7 $& U h Fe (ALFI P Y 5 &

1.3 £ETOCH AR

HRAEA AR A BRIR A1 T B Atk 22 57 1 4%
oA HLER 43 S HM L HA L FA F1EE /K o P4 HL R
(HON) Ko KA HLIR (Hy) , AR R BCE IR 2 W,
Schmidt SR E . R % E 905 K LR T
1.8 g-mL ™" i) 22 A ER N (SPT) I b , K FH 8 7 Ak 1
e - A AR g0 o0 B8 J5 UB BRI R 4 4y, T e
Biky 3 rh s gl 4. AL MLRR & ol o B A L
e 73 MTASCIN 52 AR AT, B 4 0 HILAR 75 5o 3 ToC
FVE 20 oA FL & 1t 0 2208, HAAR B 539077 D0 Cer-
Li SR HRE o PP A3 GR  R A BILR B sl o AR
FH A HLRR 2> HF AL (TOC-L CPH) . 20 %4> % 1
OXP*' DCB™VF 4 — V.3t 12 44 — £ % (DH )3 B Jy 1%
PEE Fe AL ALY, 00 DH $2 A HLER 975 5 .
Fe AL 75 it R T IR & 45 2 1A & 6 1A (1CP-
OES) W& , DH 4& UK h 7 fig YA HLak (DOC) 1Y % &
SR FH A BLAR 3 BT A A
1.4 TETOCTEEM

1 HE TOC 19 45 1% SR FHCS 1 Be (C) 4 3
R o SEI AR T A DB B A R AR T O
T R AR R 500 TN S h, FRELS gid 0.15 mm fifi
FF38 1) R Ak P 2 di i 2 £ 1) T 3R i, F1 20 mg CuO
3 R — R A 5 3 355 4 3 2o in 3 25 T A (3MV
TN-4130, HVEE) 7 % .

K PR N A2 AR L 58 13 TOC 1k 24 %
EVE. K5 g3 0.15 mm i A4 4 SEAE & F 100 mL 6%
NaOCl (pH=8) IR & TG L ATE IR IR # ¥ % 2 h
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F 40 uS-em™ HUTIEHET (105 °C, 24 h) I IR A/
P14% (Unicube , Elementar ) 438165 & & & o
1.5 iR IE

B Ab F R ] Excel 2019, [EIJE 1922 I 7E Origin
8.5 H A 5E Al

2 #R5W®R

2.1 AEERAIET B MR
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25 (3R2) . IRFEH T 8RR b 0 i 8 2 WA
fif | PR 2 its A 3 J5 e K i A iRk B, 1T S AR AR A
FH R Az BUAE A I 7™ A H ol 398 pH FRAIRS 5 e Ah A
Py e NH: 5 2338 10 A 3 Bk 5 o 3 - s i —
H AR pH. FEFF IS H S 135 pH 2 — B R0
DAL Ry Rl A v A AL R A B R A T R VR R (EL2:
DL RS RAE Gt B R R E . X L8 ToC 3k
Ui, B ZAE AL R 43 TOC & Mg T % BR 2 (%
2) o it PRI AE AT LU AR A 0 34 n 1 g v
B P, (B 24w IR AR Y 0 T R A
PR R AR A HLJE Y 23 5 AH BT S /UIE , A Ak
Jiti AR T - HE TOC & i, X 5 i ARG A 25
IR, B TEHLAE A1 HUIE BC i 35 A ) F 13 TOC
MFLR  (HERAN ST T L TOC AL IR BN, 5t
T EIFAREE . T AR A L, AS R At A Ak
PRI AE 22 520, 5 IR (17.0+2.6) A L, P 4 Ab B
T AR A LI TR RS AL P I T ARG R
PN E I T R AR LI N T - gErh
B LT, JE R S T R A L, A E X
e P ZH Ab BT B SRR R T e, X AT DA SRR
Ab B X MR BH g - ae e i (3R 2)1,

FIIFH OX A1 DCB 1 i 12 B 5 36 %k AN ] it JES &k 24t
T A3 G RS (OX H ) i 25 4% (DCB $H0)

Fe AL ALY O FLEEE SR AN 3 /R o AS [l it A A B
THIES Fe AIAMYM ERILTLER . Kt
AR B A Fe fr b 2 TR AN AL G &
TEMB AT RS TRERSFe i, BIRTER
AW Fe AVRALY & /D A AL = 1Y H R 1 AR
W2 56 27 0 3 0 G 2B Fe . AL AR 40 BT R W T [ S
THETOCH, AR b AFIEA Fe ALEA LY & 7L 1Y
TN N FEI RIS Fe>TCE RIS Fe MG ERME
AT AL, 5 Fe A, DCB#EUAY BLA AL AN
OX #8 B[ TG 22 AUZS AL, 35X 2 H R OX H B 3 3 B
FRHR B 4% 5 VE T, T DCB $2 B2 1 3 38 i Fe ALY
B ALY, BT ALY TCIE B 5L, i DCB $2
B AV LD /N F OX $2HLaEE . BbAh, il Fp 7 vk 42
I A P 3 T 5, FRAR Bt S S R SIS At 5 A Ak
PRAEA T 5 B A BEAE  (ER i AR ™ 3 ol g
Wbk T HEP 2R P, SEGX AL PR 38 P &
5 0) BEAH L YA FRAR (£ 3) 6

F3 TERFe AISEHPIFPHEE(ng-¢)
Table 3 Contents of Fe, Al oxides and P in soil(mg-g™)
gyl

Treatment Fepcs Feox Alpes Alox Pocy Pox
CK 4.71 0.95 0.63 1.00 0.30 0.58
N1 4.64 0.90 0.56 0.96 0.23 0.47
NS 4.61 0.98 0.63 1.05 0.26 0.54

B ARAR Z W57 3 B RS FF A H B8 2 &5 3% TOC
i AN BN AETELE 8 a TS FFA AL S, 5
XF BERH HE 3 TOC & S iR A/, TR & E 5.
AW FT A A AE FF A A 9 000 kg - hm2, 53 )2 30
em BHERES] . AU EIERE 1.5 goom” RSBk B
50% 1T, WA LR IEA & (A M 1T mg-g'-a™'s B
TR AT R T R B () oA 3.2 a7 g B — 0 i S
B ST (A D) it F 8 a FFF G - 35 5% AR FF
AR SR 0.3 mg- g, %A R 1A 48 L 1 S 2

x2 TEERBHMR
Table 2 Physical and chemical properties of soil

b B MANBRTOC/ 4% TN/ ik H FH 6 A 4 it Fiki Clay ki Silt i Sand
Treatment pH (mg-g™) (mg-g™) C:N CEC/(cmol-kg™)  <0.002 mm/%  0.002~0.02 mm/% >0.02 mm/%
CK 5.8+0.2a 10.9+0.6a 0.6+0.1 17.0+2.6b 20.6 2.0 47.1 50.9
N1 5.7+0.3a 10.3+0.6a 0.4+0.0 23.5+1.0ab 21.6 2.8 48.5 48.7
NS 5.6+0.3a 11.2+0.3a 0.5+0.0 24.7+0.1a 21.7 3.0 51.0 46.0

1 - R FIR [R) - B3R b i A) 22 55 4 25 (P<0.05) .

Note: Different letters in a column indicate significant differences among treatments at P<0.05 levels.
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THETOCH R HH /T RAE R WME 2 FR . 45

F @),
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5t Content/(mg-g™")

8
7
6
5
4t
3
2
1
0

Kb FE Treatment

W HA [0 FA+HON

R, P E A LK S TOC Y 62.3%+0.4% , 5 3C
HIRF 3 1) LU A R — B0 BROAR R A o R R A Ak
PRI DL I A R 22 7 BB A R R
A AL PR B CE A LB & IR C I 25 R R
A LT FR B rT IO ) A 5 L RS A A =
AR —— X W R o R ER S I ZALHE AR 58
SR A AR DL RS S AR S A LT, e
FHORE A B s S 43 AE PR AR 43 % R T AN T A
B M. 1 B AL S g K v 5 A S A
BLJST , 33X &8 70 A HLIBTTE BR B8 3 2 o B o HML it
S AEFRTN > 9 5 TOC 55% UL F i HA 420 tfs 3

O FEA ML Stable organic carbon
O 7 FALE Lk Labile organic carbon
O B2 AT HLIK Light organic carbon
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O witEa HM
O LKA HL
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O SR HA
1001 J_
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Psof| P 38
E
£ 70f
3 6
= Or 4 78
o ]
50=
57 62
0
[ Ee IR (R X i

FIHLER 7341 Organic carbon grading
25040 CK N TFINS AL FR P21

Results are the average values of CK,N1,and NS treatments.

B2 TEANmSE

Figure 2 Soil organic carbon grading results

100 (b)
80t
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201

AU T 43 LU Percentage/%

0
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NbFE Treatment
OHy EHM

ANTFING TR AR FR) 2% S 122 (P<0.05)

Different lowercase letters indicate significant differences among treatments (P<0.05).
E1 AEERLET HEGNREESREMAL

Figure 1 Content and proportion of soil organic matter under different fertilization treatments
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