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Abstract: The croplands in arid regions are characterized by saline-sodic soils, low content of soil organic
carbon (SOC), and large proportions of soil inorganic carbon (SIC). Both SOC and SIC are influenced by
agricultural management. However, it remains unclear that how the stock and stability of SOC and SIC at
different soil depths vary after long-term fertilizations. We investigated the vertical patterns of soil carbon
(C) change and SOC stability in six fertilization treatments (e.g., CK, NPK, N2P2K, NPKS, NPKS2, and
NPKM) in the Fukang Station for Desert Ecological Research, Chinese Academy Sciences. The results
showed that: (1) The contents and stocks of SOC in the tilled layer (0—20 cm) increased after 31-year
fertilizations, especially in the treatment of chemical fertilizer combined with straw returning, which could
be due to high plant C inputs. (2) In addition, the thermal stability of SOC decreased in all the fertilization
treatments, suggesting that increased SOC after long-term fertilizations might be vulnerable to environmental
changes and would promote the transformation of soil nutrients. (3) The contents and stocks of SIC
decreased in different fertilization treatments, and the decreases in SIC reduced along soil profiles, resulting
in the increment of SIC to the depth of 60 cm, which might be caused by irrigation. (4) Despite the increases
in SOC after the long-term fertilizations, the decreases in SIC led to the loss of soil total C, demonstrating

that the changes in SIC determine the net changes in soil C in the arid regions. Overall, the results of this
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study suggest to estimate accurately the changes in soil C in the arid regions, we need to understand changes
in both SOC and SIC and their stabilities at different soil depths.

Keywords: long-term experiment; straw returning; soil depth; saline-sodic soil; inorganic carbon; soil

organic carbon stability; thermal analysis
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HERE S AERK B K 5 . RS R L 5 Pl
PETHAAAR A 1A [ e ol HE 0 37 43 7 Ak, 4%+
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R 28 R Oy IR BE 4=, BF)ZE (0—20 em) 3 (1 1D
B BRI R A 0 Ry 22.7%6,69.7 %6 F 7.6 %6
pH J}y 8.8~9.1, 2 & &K 21.0~90.0 g/kg, 11
AU T RN 0.6 %6 ~1.7%"" B T4B iy /R B 38
TRV T R 2%, B AR X B BRI KR LR
WA K& E 52 B KRR .

1.2 gt

DLggi A B T3z R P 0 it A Ak BB it A A AR T
1990 4R 4R e 070, XIS HE 6 it At b
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£ 1 KYPTRE MR LI 8 6 IR 2
Bf7  kg/ (hm? + a)
T HLAE

" PR me e PO
AN A CK 0 0 0 0
NPK 150 75 60 0
B pok a0 150 60 0
. NPKS 150 75 60 300(FEFT.S)
RICRARH  \bksy 150 75 60 600(F5FT.S)
WIRE %2 NPKM 150 75 60 150C8%%,M)

1.3 TEHEAX

2021 4F 7 7 (A /N FEWCENE) R L 8R4 0—
20,20—60 cm T HEAE A, IR SE B E L KR YR
RATERY, & T WA AKX, OIS 2
mm I R .
1.4 TEHESSH
141 EBEAKRKBEFESA L pH M SR
FL IR AE - 3 2 Gl T T R A T (Vario MAC-
RO CNS, f#[# Elementar 2 &) & . 1 8 4 5 & M
il A% 20 B 138 1 3 30 4 A7 A (Smart chen/Seal AA3)
W, ST/, R R IR PR, 8
1A 5 0—20 cm ) ) H IR &,
1.4.2 XIEANBARIE S ISR EE
1 TCE AT A A - RERFEE  0.15 mm - HETH S
AL E A AL S R RV I 8
H5 1 mol/L 1y HCLIFWIR G (LWL 12 10) 4%
AR TR o ERY 30 min ARG E 12 h DL LR
CaCO; ;L 4 000 r/min BOAHLF B 4 min, 2Bk L
TH W ARSI AR TR 8 K R0 B 3~
4, 1B LWEW pH 7E 6~7 Mk, R LR B 3
T ¥ BRUES 9 ERETE 60 °C LT 24 &, B B
0.15 mm+ 380 J5 , AL E 75 3] 4 58 HLIKk & i
e TC Lk B e A 22 ek AR B B ek S5 AT
BUR 1) 5 1 22 1H
1.4.3  E3EA AR KA E [T
(thermal analysis) /& — T ] B #E 0 41 5 252 0 tr
G54 R — 0 T AT A A A B A E (5 S R 5 S
AR I T HAD I 4 e mRe e 1k 1Y ik (s
BB A AL R FR IR A | [F) 2P B4 B O 0 E
() 265, 77 L T 1) 20 38 0 A D S A2 DU 2% R LR
] 2 FNAE LA 35— 14 52w, D3 &5 2R ) | AT b

5, A T R R A MU R e T,

B FH#AE A3 BT AL (STA 449 F3 Jupiter NETZSCH)
TEA RS HA80% N, +20% O,) F,LL 40 mL/min i
AT R LI AT . B R AT S B R S IR
FEAL AR 6] B4R 25 I VE N 2 2% RS DL 40 °C
PL 10 °C/min I#AE 105 °C 78 ML IR E F 4445 15 min
DL 22 B 3K 43 9K )5 DL 10 °C /min (9 T 58 2 m #
£ 900 °C. A B v B R R AL B 2 LT —
850 CO,/H,0O 43 #r4i¥ (LI— COR Biosciences, Lin-
coln NE)#ATAMA M. i H] 105~550 CHEH 1%
AL RR Be R CO, 19 I B2 L, PR o S IR & T
550 ‘CUA b, R IETEHLERIRFE ™ 4= CO, . 1EHE 550 C
A R A B AT AL R PR R Pk 22 8] A 43 50U R 2
T e 2 & (loss on ignition, LOD 3l & A AL bk
1 H IR B

1.5 #HELE
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WA EERIGIEN LR E R, SR 1
et ittt 7 AR R 225 . R T ISR A [ it S Ak
T HIEAEANGE D, N TRIEX—W2E, RH
“EEAL HE G "k (equivalent soil mass, ESM) ¥ A6 +
J2 e B T AR Y 4 R A AL DG B SR G
TR 2E AR R AR
B R AT 2 B RN R )2 4
CH LB M AL fitf it . TR BRA .
(1) e 7 ] 7 VR BE 7T 5 A S ik
SCip=C.n XBD XD, X10 (L
A SCrp 43512 SOC Fl SIC Y [ 22 5 B Gk fitf 1k
(g/m*);C .05k SOC #1 SIC & & (g/kg) ;s BD K
HIERFE(g/cm®) ;D A HZEFE (ecm).,
(2) ¥ B A= 372 5 + 42 (desert) fE B 5 % + 4,
WARZRTIEER.
M =My — Mot (2)
K Mo HERTIEEE (g/m”) s M h BA I FH
T (g/m®) s M R JEAETER T E R (g/m”) .
(3) e T AR A AT L R A
SCgsu =SCrp—M 4o XC,, X10° (3)
A SCusu 431 SOC Hil SIC 114 45 &4 Bk fiff 5t
(g/m®); C,, 73 ) Ay 52 I fie O £ )2 (2060 cm) (Y
SOC #1 SIC & # (g/kg)
1.5.2 23R BAEFRAHE R4 fp R
FIURE X6 722 Ak 3 358 ) 2 (O FA ) TR RS .
Coin—C,

C;\I.SZT (4)
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7C1\Az_cz 0
C= C X Af X100% (&)

o C o ol - HERR fifs B 1) 26 % AR fb R (g/ (m”
a)) 5 C i 3R A 5 1 AH X AR AL R (Y0 /a) 5 C ey,
K A AR R AE R (g/m?) s CORE Ik
& (g/m*),

WA ) BT R A A 0—
20,060 cm Y BFELHR,
1.6 Zito

AW FE B A BN GE 43 # 4  BPE R 4.1
SEF(R Core Team 2016), i3 “agricolae” L H1 1)

M) s AR S WA K
AR R SRR EEES, R
Origin 2017 BT L A .
2 gR50M
2.1 TEEMIEAMER

MR 2 TR A TR A O 1.30 g/em’ s
A AEBC RS A 34 FH AL 38R 19 - 5845 5 Ry (1,29 +0.08)
g/cm’  HAI AL F T (Y 1 3 H O (1.49£0.03) g/em’
KA [t AP A B 2 - 49 5 3R B AIC 17.00~75.13
pS/em, KA A AR AL FE ST HF)Z 155 pH S0 A 3
(p=0.05), B NPK &b B4k, + 1A AS [F] jite JE b 22T A

/N 38 2% By (LSD. test) , Fb A% A [W) b 358 0 1) T (4]

BEHEARSEIN 0.09~0.25 g/kg(»p<C0.05),
%2 BB ESAFLEMEEKRA T EEMEBLEROENR

- T2 oH R/ AR/ AR/ 2R/ -
W /em (pSe+cem™ 1) (mg kg ") (mg+ kg V) (gekg ™M
. 0—20 8.9940.04Aa 321.28+£29.61Aa 67.09£5.10Aa 43.33+11.99ABa 0.5140.05Ca 5.6940.43Ba
K 20—60 8.92+0.04ABa  303.754+8.19ABb 53.57£0.76Aa 11.85+3.37Ca 0.414+0.04Aa 4.5440.401Aa
0—20 8.8540.05Ba 271.90£11.18Ba 61.61£5.63Aa 13.8842.96Ca 0.41£0.05Da 13.00£1.20Aa
NPR 20—60 8.924+0.01ABa  291.434+13.54ABa  61.34£11.79Aa  23.72+4.08BCa 0.35%0.04Aa 7.67E1.11Ab
0—20 9.01£0.06Aa 252.97+7.73Ba 65.98+12.43Aa  42.05+12.23ABa 0.63%0.04Ba 5.6140.26Ba
NEPzK 20—60 9.03£0.06Aa 252.57+12.56Bb 66.46+3.09Aa 57.73£15.10Aa 0.4340.05Ab 5.8240.58Aa
. 0—20 8.821+0.13ABa  772.044340.94Aa  70.68+£5.02ABa  39.00+9.61ABa 0.604+0.06BCa 12.6640.32Aa
NPRS 20—60 8.9440.11Aa 394,51+£15.33Aa 68.73+6.82Ba 12.61+2.48Ba 0.7740.49Aa 6.59+2.77Aa
NPKS2 0—20 8.5840.17Ba 698.88+298.69Aa  61.9942.61Ba 14.99+4.32Ba 0.72£0.01ABa  11.16£1.34Aa
20—60 8.901+0.08ABa  316.38+4.59Aa 70.19£4.49ABa  26.85+10.13ABa 0.62+0.15Aa 4,09+0.61Ab
0—20 8.98£0.04Aa 325.57+41.20Aa 85.21+4.61Aa 39.904+8.12ABa 0.77%0.03Aa 5.63£0.29Ba
NPEM 20—60 9.08+0.12Aa 352.70£4.70Aa 68.05+4.51Ba 45.67+17.37Aa 0.4740.01Ab 5.20%0.20Aa

TE < 3% PBUHE S P 25 F A o 2 5 R 9 AN [R) /NS 5k 3 7 Tl — Ak B AN T o )2 9% 32 ) 2 53 S 3 (p <C0..05) 5 IR AT A TR K5 5 Bk 32 R A [l Ab 2

FEA R )2 18] 22 5 8. 3% (p<<0.05), T,

22 TEHmREERMETH

5 CK M E s & A [a] it I Ak 28 4 3 48 = B2
HEA ML (SOC) & & (£ 3), Ho b JIE B it % #F
(NPKS il NPKS2) 43 SOC &+ it 184 e £ K, 1fij 1
fib A2b 38 5] TG 8 22 - (p >>0.05) , F WA FE i 45 21k
JE % 44 F A A O it 7 FF B A R F R = SOC & i,
AN TR it BB Ak B R SOC & o iy 2 31 1 ¥ 8 L R )2
(0—20 em)SOC 1 (3.50~8.05 g/kg) i #H K T
J2(20—60 cm,2.36~2.56 g/kg), H#f 2 SOC & &
AR B ) 5 T CKOAR B, 36 B 30 e AT 4 3
A FHEZ SOC & EETHE 1),

KIMEAT 5 , A ) kb 35 SIC & i 2 52 T [ a3 (3¢
3. 5 CK ML, fRIE F i RS FF AL BEPEE SIC & & %
AR 11 H Al i A Ak BB X STC 55 B 5% A i 3 (p >
0.05) , SIC 5 5 e AT 2 ) 17 S 31 I a4 (p<<0.05) .

STt A Ak 2R I 4 i B )2 (0— 20 em) SOC fiff it
(& 2a) , Ho AR B FE it A5 AF A0 3 SOC fiff £ A9 4 T B2
K (p<<0.05) . AIANi AT AL HE SOC fitg 12 ¥y 25 ) 1 34

S BEZ SOC fili & b 958~2 079 g/m*,
JZ2(20—60 cm)SOC fig AL N 611~683 g/m”,
%3 KRN EEARLEMNERRELEHBSENZME

Hfr.g/ke
i SOC SIC
0—20 cm 20—60 cm 0—20 cm 20—60 cm
Desert 4,174+0 2.46+0 8.86+0 8.93+0
CK 2.78+0.17Ca  1.82£0.03Bb  7.95+0.39ABa 7.8740.21Aa
NPK 5.0840.21Ba  2.434+0.17Ab  6.60+£0.24Bb  8.1540.25Aa
N2P2K 3.7540.26BCa 2.494+0.16Ab  7.87+0.21ABa 7.76+0.26Aa
NPKS 7.63£0.74Aa  2.3740.08Ab  3.42+1.82Db  8.31£0.83Aa
NPKS2 8.05+1.01Aa 2.36+0.18Ab  4.24+1.35Cb 8.31£0.28Aa
NPKM 4.3340.32Ba 2,42+0.08Ab  8.44£0.23ABb 8.5840.19Aa

5 BT 3 AH L, BF)2 SIC fif it W 2 R,
10 42J22 SIC fiff 52 76 i 25 28 Ak (1] 2b) . A [ AT Ak 28
O BEE 2 SIC fiff i 8 K 3K 3 8 NPKM > N2P2K >
NPK>>NPKS>NPKS2,, bIEECiEfsFHAb 3 SIC ff it iy
B R 111~2 161 g/m®) , i Hofth &b B3 1%
SIC fifg 5 7E 5 T 8] 4347 JC @ & AR 1k (p=>0.05)
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Desert 22 CK NPK Desert 2 CK NPK
100 - E=3 N2p2Kk [ NPKS E=5] NPKS2 s . E= N2P2K [l NPKS [E=5 NPKS2
NPKM NPKM Aa
Ba
L ? Ba
75 | 4 | IpaBa [ 2 Ba
&) Ab (b) - RS
= 2 3 F - N |j:
@ 8 5 Bb -
S50 3 = Bb b
2 = 2 [ = [
“ “ = F
B = —{DpbDb =
0 ] 0 :_: 1 _: : IIII: J
0—20 20—60
T EBRE/cm T ERE/ cm
0 R Rl NG Rk 8 7E A ) S 1 A 22 5 B3 (p<<0.05) s A KRS TR TR A [A) 4 FH 6] 25 57 B 3% (p<<0.05), A,
E1 HBEEREFAELEMERKBTEGNKLEGINEIE
Desert 2 CK NPK Desert 777 CK NPK
3000 - == N2P2K [ NPKS EZE] NPKS2 3600 - == N2P2K [ NPKS EZE] NPKS2
NPKM
_a ‘E Aa AaAa Ap Aa a
o 2000 e 2400 et o Aap]
]ﬂl}ﬂj nﬁ: :::: = :::::: ::: :::: ] ::::
P e ity Y %
e = = sl %
# 1000 & 1200 [ [ ) = W ]
= = = 2 5
e R (= e 77 I e
= S
0 1 0 [ = ‘0' et Y ‘0" J
20—60
T E%EE/ cm &/cm

2 W EFARLETERKELERMEENI TS H

8o T DR S e T T 7 A M
AN TR) ) A LR 4 AE 060 em T L2 B O UL
IEMNmER2ZERFER AR, N —20~430 g/m?, “[EHE
TR EE A A %) A it A I Rk S T 4 2% Ak T - S

fiff H 2 T AR A T E TR A TR AL
IE T e 55 T Ak L 8 g i A T A AR R Tk Y 4G
Ao FMWIHE A [ RE T 9 IR A 1 IE PC i 75 A b
TR - SRR Ak T R il At Ak PR A - SR AR A

R4 BETARTEAEMNERKBIERMBEELERNER

e + 2 [ E WA /(g m™?) HEEEE/(gem )
RIE/cm SOC SIC SOC SIC
. 0—20 853.27+63.43Da 2320.534-147.98Aa 792.17466.12Da 2013.98+£145.21Aa
oK 20—60 544.844-13.42Cb 2373.97+79.60ABa 483.7474-16.08Bb 2067.4268.40Aa
0—20 1564.50455.02Ba 1938.19494.63Bb 1484.61459.75Ba 1600.93+92.62Bb
PR 20—60 762.984-42.72ABb  2417.874105.04ABa 683.09436.98Ab 2080.61295.70Aa
0—20 1043.6036.21Ca 2406.55+22.87ABa 958.51427.50Ca 2097.20%21.25Aa
NepK 20—60 741.37468.77Ab 2370.89+71.71ABa 656.29455.05Ab 2061.5459.80Aa
. 0—20 1967.68£190.01Aa  1352.05420.18Ch 1972.074189.90Aa  1367.69418.80BCh
NPRS 20—60 610.344-20.44Bb 2143.684-214.67Ba 614.73420.34Ab 2159.324215.39Aa
. 0—20 2076.38+£259.34Aa  1094.0474349.10Ch 2079.76£259.36Aa  1111.594348.05Ch
PRS2 20—60 607.98446.41BCb  2143.64+73.51Ba 611.3646.39Ab 2161.18£74.56Aa
NPKM 0—20 1288.85496.13BCa  2515.32467.60Aa 1208.894-90.62BCa  2163.7958.43Aa
20—60 720.71423.14ABb  2555.80+55.18Aa 640.75+17.88Ab 2204.27+42.92Aa

2.3 KHERELERTEREENTHEE

HESEREAE 31 4 J5 . AR AL FE SOC fifs & A9 1 358 51

AR )Z SOC fiff 1t 5% A 2 (p=>0.05)

KA AL BEFRAR SIC fif 5, ELS2 We 7 B2 3 4 1) i

T A AR TE B 3 22 5 (8] 3a. & 3b), NPK Hl NPKS
AbFEAE)ZE SOC fifh 1t 55 A= i 158 43 1 386 fin 15,49, 28.50
g/(m” « a) AFEYEGIR 5 5 R 1.43%,2.63 % , T He At b 28
XTHEZ SOC fifs B 152 RN B 3 (p=>0.05) K i AT

BR3¢, &l 3d), NPK il NPKS 4b 3, # 2 SIC
IR A T A AR 11.79,30.70 g/ (m* » a) L 4F %
AT 0.51%,1.33% . #5ita L AL BEXT R JZ SIC fi#
BIEERI(p=>0.05),
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xR p<L0.05; % x RKyR p<L0.01; x % x R/ p<<0.001, T,
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Ak HE SOC fifi i BAVAR LR TC B 2 5 (p=>0.05)
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RAEA HURR ARG E Pk B 8K, R B T A ALk
A DY X CK i NPKM AR B, 135
AHLERH TG—T50 43 41k 427.61,399.34 °C, KM
NPKM 4k # J5 A7 WL ok ke e PERE IR (8] 5a), 5 CK
AH B S AN (] e TS Ach B 3% J8 5 8 IR A ML Al B0 RS
P BRI A AE (CKO > it L L (NPK,N2P2K) > 1k
JEHC it 5% 2¢ (NPKM) > {k B fid fiti &% #F ( NPKS,
NPKS2) (E 5b, p<<0.05), Hi CK,NPK,N2P2K,
NPKS.NPKS2 #l NPKM 4b B TG — Ty 43 5 K
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3 W
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It T e T 3 AL A5 T PR R 22 55T A R
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