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Abstract: [ Objective ] Long—term monitoring the chemical composition and molecular structure of soil
organic carbon in orchards is helpful in understanding the responses of orchard soil carbon sequestration and
sink enhancement function to human cultivation activities, thus providing theoretical basis for agricultural
carbon sequestration and emission reduction , and achievement of the double carbon goal.[ Method | The long—
term planted red soil citrus orchard was taken as the research area.The surface soils (0-20 ¢m) of citrus
orchards with different cultivation chronosequence (10, 30, and 50 years) were collected. Humic acid (HA)
fractions (F,—-F,,) , and HuL. and HuH fractions from humus were isolated and purified. Besides, elemental
analysis, FTIR and CP/TOSS “C-NMR were used to analyze comprehensively the content and structure
changes of HA , Hul. and HuH under different cultivation chronosequence. [ Result | (1)Chemical composition :
HA fraction and humin element composition is dominated by C and O.With the extension of planting age , the C
content increased (except F,—F,,) , The C content of F,~F,, F,—F,, HuL and HuH in soils with 50 planting years
increased by 36.1%, 38.34%, 61.69% and 72.25%, compared with soils with 10 planting years; With the
extension of planting age, F',~F, and F,-F, fractions of HA decreased by 40.84% and 44.33%, respectively,
while HuH and HuL increased by 62.33% and 42.55%.The longer the planting period, the more favorable it
was for the formation of nitrogen—containing groups of HA and less favorable for the formation of nitrogen—
containing groups of humin.The aliphaticity of F,—F,, F,-F,, and Fy—F, increased by 12.8%,5.7%, and 6.6%
respectively, and the aromaticity decreased by the corresponding proportions.The aliphaticity of HuH and Hul
decreased by 7.2% and 0.9%, and the aromaticity increased correspondingly. With the extension of planting
years, the aromatic carbon content of HA fractions decreased by 10.9%,5.38% and 3.83%, respectively , while
that of HuL. and HuH increased by 2.59% and 5.68%.(2 ) Structural characteristics : the infrared spectral peaks
and positions of humus fractions with different planting ages were similar, but the absorption intensity was
different. The structure of HuH was similar to that of HA , but the structure of Hul. was simpler, and the C-
skeleton remained unchanged.The H/C, F -F,, F,—F; fractions of HA decreased by 30.03% and 16.16% with
the extension of planting years. With the extension of planting years, the chemical structure of HA was
gradually dominated by aromatic structure, and the degree of unsaturation and aromaticity were higher.
[ Conclusion | The chemical composition, corresponding structural units, number of functional groups, and
proportion of organic carbon of different humus components in citrus orchard soil would change with the
planting years, and the soil organic carbon content would increase year by year.Continuous planting of citrus is
beneficial for the stability of soil humus structure , thereby enhancing soil carbon sequestration capacity.

Keywords: planting age ; cultivation chronosequence ; elemental analysis; FTIR ; CP/TOSS "C-NMR
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Tab.1 Soil physicochemical properties of different cultivation ages

HUBRZL A
- A o~ 205 HHLE A Mechanical composition .
I
o pH (mg-kg™) (g-kg™") (g-kg™") (g-kg™") (mg-kg™) Hiki/%  FyCED ) Ri/%  BYRL%
Cultivation ages Texture
Available K Total P Total N Organic matter ~ Available P Clay Silt Sand

<2 pm 2-50 um >50 pm

10 4.83+0.12"  341.38+167.34" 0.78+0.61" 1.25+0.15° 12.48+1.48" 125.07+141.12" 28.87+1.37" 42.70+2.98" 28.44+1.60" #%ht

30 4.6820.71"  545.64x56.43°  0.9820.16" 1.60£0.25" 15.94x2.52" 137.58+11.50" 42.33x2.85° 38.85:0.04° 18.83+2.81" K%t

50 4.08+0.23"  507.48+49.20°  3.07+021° 2.97+0.45"  29.68+4.50" 658.78+44.17° 41.98+235" 41.79:0.59" 16.24+1.77" #E+
RN

542+0.78"  340.54+270.84" 0.58+0.23" 2.49+0.49" 17.35+1.28"  7.15+0.61"  24.72+4.53" 18.41+8.80" 56.88+13.34" i

Natural forest

RIFR/ING Fh: F R AN R RAR BRI 24 53 B % (P<0.05,1=6)

Different lowercase letters indicate significant differences between different planting years (P<0.05,n=6).
22 ARMEERHEFERETIEEERAS TESH
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B HA B 43 Z R AE S BbE o Hul (19 C 5 22 BE AR AT AT FR 09 SE R 351 61.69% , HuH 1Y C 75 12 il A s AF B
() HERIE TN 72.25% , 22 57 1 3% (P<0.05) o

XF T C/IN, HA B F ~F,  F~F 18 73 B AR AR AT BR (14 24 5301 B 40.84% . 44.33% , 1 W Fh AR AT BIR B
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16.16%, 1M Fy~F o HuH , Hul & 3 H AH S5 B4 728 Ak R 45, 150 BH I P A 4 BIR 04 B 4, HA 1) Fb 24 465 40 322 8 L) D5
T S HE Ry 35 HANRURIAR B R D7 A M s, T A5 3R B A R Bk v, SRR () e A ) - BRI o )
FLEAIE W, A B T R 58 0T i AL A B T 45 4 B AR o X T O/C L, HA B F\~F, \F,~F, .HuH . HuL /% 53 Fifi
TR A1 PR ) JE K 4 ) F B 42.48% . 42.58% . 73.13% .62.36% , TTTi Fy~F 3 B0t AH S 19 A8 Akt 3, 18 P G Fb
LA R 14 A2 A I AR A B3R P A Bk D R L I I RE T KoK B . SR b F~F R
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Tab.2 Changes in the elemental composition of soil humus fractions collected
from orchards with different cultivation ages

RS, R TR F k%
Soil humus Cultivation Elemental content C/N  H/IC  O/C
fractions ages C H N (0]
F ~F, 10 12.780.11°  2.82+¢0.09°  0.58+0.10°  83.830.10' 2571  2.63 492
30 19.62+0.12"  3.33:0.10°  1.29+0.08°  75.77+0.30° 17.74  2.04  2.90
50 20.00£0.99°  3.07+0.08"  1.54+0.09'  75.40+028" 1521 184 283
F,~F, 10 8.17+0.11°  2.02¢0.10"  0.23x0.10"  89.58:0.31° 4144 297 822
30 11.16x0.11"  2.66:0.08'  0.49+0.11a"  85.70£0.30" 26.57 2.86  5.76
50 13.25:0.99°  2.75:0.09°  0.67+0.11'  83.30£0.30° 23.07 249 472
F,~F, 10 17.77<0.11°  3.09+0.08"  1.48+0.10°  77.66=0.30" 16.03  2.09  3.29
30 12.660.11"  2.92+¢0.09°  0.75:0.09"°  83.69+0.11° 19.69 277  4.96
50 12.260.12°  2.59+0.10°  0.68+0.11"  84.48+0.33* 21.03 254  5.17
Hul. 10 0.7740.13°  0.64£0.10°  0.10£0.03*  98.50+0.26" 898 997 9594
30 1.18£0.12"  1.10:0.06'  0.10:0.04'  97.63+0.23" 1378 11.19 62.05
50 201£0.13°  1.08:0.06'  0.15:0.05  96.77#0.24° 1563 645 36.11
HuH 10 1.01:0.11"  0.10£0.09"  0.14:0.04°  97.86£0.24' 842  1.19 72,67
30 3.34+0.13°  1.66+0.09°  0.17+0.06'  94.83+028" 2292 596 21.29
50 3.64+0.12°  1.39+0.08°  0.19+0.08°  94.79+029" 2235 458 19.53

FRR HA MY, F S B0 2R S U s HuH 3278 @ B R s Hul R BRI BR 5 C/N VH/C L 0/C RR 45 0 R i
ERS
F represents the HA component, and the number after I represents the extraction sequence.HuH stands for high—carbon hu-

min ; HuL. stands for low carbon humin; C/N, H/C, O/C indicate the atomic number ratio of each element.
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% BB AL 43 AR 7 1 45 4 BT R Y BE AT A R e AR AL A 5

HA 114 W e 437 F 3 400,2 920,2 850, 1 620, 1 400, 1 080 em™ &b 5 Hul f) W S 0643 F 3 400, 1 620,
1 030 em™ &b ; HuH AW I4A47 T 3 400, 2 920,2 850,1 620, 1 400, 1 030 em™ &b, HuH AU 4544 5 HA 4544 41
Bl {5 HuL A 25 R B8 R 7 5, 8] Larh, FPAE 50 45 (04 TR U FE 3 400 em™ 1 1 620 em™ [ I W05 B T A8
3400 em A FE O—H I N-H B 46 IR 3N, 1 620 em™ &b Ry 55 75 i C=C 5 6 1 45 35 517, 156 BH oA 4 PR i K
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Fig.1 The IR spectra of soil humus fractions collected from orchards with different cultivation ages
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FRRFLAR H BLHUR A5 7 C50=150 0K MR I C;6=170f0F BRI C¥  RIRIFIEAE IR T, JE 5 T 20 43
ANFEZEAL C Y AN

AN [] o 77 R R A SR ] - 98 85 31 5 2 345 2 780 C T o5 ALK B 3] CIL 3) T DA e e | o SE0H
FFERRAT (5 IR, F2 4 T BRI AE R B ZE K, F~F, %t i C & FE 14 i 8.88% i ik C & HE 14 1 2.42%
M 95 7 C & B AR 10.87%, 77 E A28 4k o F~F,. F~F, F~F, JE AL BE 43 5 38 I 12.79% . 5.68% .
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F3 AEMEERTIBEEAERAS LINEEZMBUENRLELE
Tab.3 Absorbance ratio of main absorption peaks of soil humus components in infrared
spectrum collected from orchards with different cultivation ages

R A R JEHE R A 5y
Cultivation Soil humus 3400 cm™ 2920 em™ 2850cm™  1620em™ 1400 cm™ 1030 c¢m™

12920/11620

ages fractions
10 F~F, 0.32 0.24 0.22 0.18 0.14 0.15 1.33
F,~F, 0.32 0.20 0.18 0.14 0.10 0.15 1.43
F~F, 0.24 0.12 0.11 0.12 0.09 0.18 1.00
HuLL 0.35 0.19 0.18 0.16 0.12 0.48 1.19
HuH 0.33 0.15 0.13 0.17 0.10 0.34 0.88
30 F~F, 0.37 0.29 0.28 0.24 0.21 0.23 1.21
F.~F, 0.24 0.15 0.14 0.12 0.09 0.10 1.25
Fo~F,, 0.46 0.34 0.31 0.31 0.25 0.29 1.10
HuL. 0.31 0.21 0.20 0.19 0.16 0.27 1.11
HuH 0.24 0.12 0.10 0.11 0.07 0.21 1.09
50 F~F, 0.43 0.28 0.26 0.27 0.22 0.21 1.04
F.,~F, 0.34 0.16 0.14 0.16 0.11 0.16 1.00
Fo~F,, 0.60 0.31 0.27 0.34 0.24 0.30 0.91
Hul 0.12 0.07 0.07 0.08 0.07 0.17 0.88
HuH 0.16 0.10 0.09 0.11 0.08 0.18 0.91

10a

30a

S0a L;] 15330
50a
T " P 0 oo s s 0 0 o wm w m W@ 0 o
{2 BB/ p.g ML) Chemical shift {b22 68/ p.gmL™") Chemical shift A 2E B B/ ngmL™) Chemical shift
a:F ~F, CP/TOSS “*C-NMR b:F,~F, CP/TOSS “C-NMR c:F,~F,,CP/TOSS "C-NMR

L I I 1 |
250 200 150 100 50 0 =50

2.;0 ZI;D 1;0 1(‘]0 5‘[! l; -50
LA B g ML) Chemical shift AL/ pgmL") Chemical shift
d:Hul. CP/TOSS “"C-NMR e:HuH CP/TOSS "C-NMR

Pl 2 TR RRAEA BR A AR SR ] - S 5L 21 53 () CP/TOSS “C-NMR 3%
Fig.2 The CP/TOSS "C—-NMR spectra of soil humus fractions collected from orchards with different cultivation ages
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6.56% , 75 A JE Bl 2 FEARAR RN LB . HuH  HuL 230 H 5 HA A—E A8 34, 10~50 48, 51L& HuH %
T 7.22% , HuL F5AI% T 0.86% , 55 AL B Bifi 2 Fh = AR FL B o 28 b, SRR AR 3 i T 40RO DR AL ),
REAR T AL B X T SA RS, SR 14 A A ) 2 AR L AR AL $ s 5 A

30a :ﬁ;:z%c Carbonyl C
o BEC oo
10a E i B L Alkoxyl C
50a Bl /5HC AlkylC
Hul. 30a
10a
50a
F~Fi, 304
10a
50a
F~F; 30a
10a
50a
F~F. 304
10a -t ; ]
0 20 40 60 80 100

HorHB/% Proportions of components
3 O[]l A PR 5% ) 4 S8 o 41 9045 2580 € B o5 AFDG E )

Fig.3 Relative proportions of soil humus fraction of each type C collected from orchards with different cultivation ages

XF T[] — R AR ARGy (10 4F ) HA BN A8 23 IR AL BE N F ~F, 1Y 67.48% S5 JINE Fy~F 1Y 71.82% , 75 75 Bk
i Bl — 2D B BUMTRD , 57 75 C M\ 28.01% F#AR % 23.51% , 3% 5703 43 M h i 22 U C/H FEAIE—
o R 2~ 2¢ , 75 8=0~50 (B Ak C IX) , W1 5 5 B 20 W 4 BT 345 00, Ji SR 4 BB HA i HuH  HuLL
B e A e i RN 43 8 U Bt S OO B g hn , BB D7 € 2 e M ks

x4 TEMEERHEFEEETIEBEHERAS K CP/TOSS "C-NMR iF i & B it B m A8t bk 51

Tab.4 Relative ratio of area of each functional group in CP/TOSS “"C-NMR spectra of soil humus fractions
collected from orchards with different cultivation ages

FAEAERR RIS ke C/% G/ 5ECI%  BRIECI%  BIEC/%
Cultivation  Soil humus Alkyl C Alkoxyl C  Aromatic C  Carboxyl C  Carbonyl C

BILEEI% 7%
Aliphaticity ~ Aromaticity

ages fractions 6 0~50 650~110  8110~165 6110~190 6 190~230
10 F~F, 28.55 29.58 28.01 11.64 2.22 67.48 32.52
F,~F, 32.08 34.58 22.97 9.26 1.11 74.37 25.63
Fo~F, 26.26 33.67 23.51 8.91 7.65 71.82 28.18
HuL 51.61 13.78 16.88 6.72 11.00 79.48 20.52
HuH 46.37 32.66 14.04 3.25 3.67 84.91 15.09
30 F~F, 34.27 32.57 24.28 5.98 2.90 73.35 26.65
F.~F, 57.33 17.34 12.28 4.73 8.32 85.88 14.12
F~F, 29.21 34.01 25.20 8.26 3.32 71.50 28.50
HuL 54.37 21.42 10.42 5.10 8.69 87.91 12.09
HuH 49.39 21.45 17.15 5.18 6.83 80.51 19.50
50 F~F, 37.43 32.31 17.14 6.48 6.64 80.27 19.73
F~F, 49.05 21.51 17.59 5.77 6.07 80.05 19.95
Fo~F,, 35.16 36.19 19.68 7.10 1.87 78.38 21.62
HuL 50.87 20.72 19.47 4.33 4.61 78.62 21.38
HuH 34.30 34.36 19.72 4.03 7.58 77.69 22.31

Aliphaticity=C%(8=0-110)/ C%(8=0-165) ; Aromaticity=C% (8=110-165)/C%(8=0-165) .
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