§ K b PR A 4R Vol.45, No.4
S H Bulletin of Soil and Water Conservation Aug., 2025

SF:
&
g
&
e
=

BEVMBIARMNERLIESR L
=Rk R oA

EASL, BAK, R, BT,
(L VG IR ARA B A B IR 2 Bt , BRVE M0 7121005 2. PYILRAMRPBHE R 2% K L AR FFRL 2%
5 TR R, BRI i 7121005 3. B2 e AKAIHS K+ ORFEFFTEAT K £ DA 5 A v 42
I, BRI 0 7121005 4. A AR F P ALY E IR S AR I BT SRR &, PRV 5  712100)

& E. [HM] I 12MORESMNEG ML R AT AT A Pk REARE R e N EE RS FE SRR A
Fe R AR AR LB RN (PAMD B R BR D 5T SO0, 4 S0 3 1 (IR YT 5 4
OB AR K A HEAT LG L 53 (52 MR, S R T A T 4R T S AR v A B R R Y s S 0 R A AR
o [HEE]EANY RS KT HHELL 3% MR IR A, FRiE47 100 d 19 = W8T 3R 046, R 38 8 R 7%
A HL R BRAL CCKO) o A FH % B2 07 35 45 6 W 0 19 15 4 5 O 3103 30 8 28 BURLA HLBR (FPOC) (A
A WURLA HLER COPOC) UKL A HLER (POC) I BT 45 & & A HLAKR (MOC) A4 HLiR 41 43 , 38 5 TU AR 4%
BT CRDAD X+ HEFR AL M T 5 4 BB 2 4 2 [0 1) 06 R AT b . (452 ] O 5 CKAH L, A HLYRHE I g
K R A T Rl B A B R B IR A A i R I R TOC L R &R (RN &, @5 CK
A, £ FPOC, OPOC, POC FI MOC % s ¥4 BT 8 5 , F v DURS R KL 45 HE Wy o AT A2 W o /N 24
FRAS AL 31T 1 FPOC 3 & d5 K, SR L oM I 4% 18 05 43 B3R 5 T 2 158.5%4, 1 545.3%,907.5% , # 45 -
PR SR IR T 2971.8%,1717.9%,1 730.8% ., ®FPOC,OPOC,POC M1 MOC % 5 TOC &
e $i 3 Y IE A 56 26 R (p<<0.01) . C/N B4 G # it I 5 i -+ HE 45 20 40 A HLAK & B i 22 IR IR, M e R 1
YL RS AR B T 76100 A1 76.3% . [45ie ] AR Il TOC & &7 A 3 sl 1 1
B BT, +HE FPOC, OPOC,POC FIMOC & it 5 CKM LA prigm . C/N ML E S H& g +
e M A MU & R R

KA B AR BNSENR; GNBRAS; TRESSENR,; Bt &4+

X ERARIRED: A XEHES: 1000-288X(2025)04-0267-10 RESES: S156.2

XERSE: £, RO, R, 4 A BRI o B YT R AR A HLERZH S s (DK A DR
W, 2025,45(4) : 267-276. Wang Dandan, Zhao Huanhuan, Xu Chenyang, et al. Effects of organic material
addition on organic carbon fractions in black loessial and loessial soils [J]. Bulletin of Soil and Water
Conservation, 2025, 45 (4) : 267-276. DOI: 10.13961/j. enki. stbeth. 2025.04.019; CSTR: 32312.14. stbetb.
2025.04.019.

Effects of organic material addition on organic carbon fractions in
black loessial and loessial soils

Wang Dandan', Zhao Huanhuan', Xu Chenyang"*, Li Jiangwen®*, Hu Feinan"**
(1.College of Natural Resources and Environment, Northwest A&F University, Yangling,
Shaanxi 712100, China; 2.College of Soil and Water Conservation Science and Engineering ,
Northwest A&F University, Yangling, Shaanxi 712100, China; 3.State Key Laboratory of Soil and
Water Conservation and Desertification Control, Institute of Soil and Water Conservation, Chinese Academy of
Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100, China; 4.Key Laboratory of Plant Nutrition and
Agri-Environment in Northwest China , Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China)

Abstract: [ Objective] The effects of 12 different exogenous organic materials, including tobacco stalk biochar,
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fruit tree branch biochar, wheat straw, rapeseed straw, chicken manure, cow manure, glucose, cellulose, LB
medium, polyacrylamide (PAM) , humic acid fertilizer and chitosan, on the physicochemical properties and soil
organic carbon fractions of typical loess (black loessial and loessial soils) were studied to provide a theoretical basis
for selecting and applying organic soil conditioners to improve the quality of cultivated soil. [ Methods] Organic
materials were mixed with air-dried soil at a mass ratio of 3%, and a 100-day indoor incubation experiment was
conducted using a control group (CK) without organic material addition. Density flotation combined with wet
sieving was used to separate and quantify four organic carbon fractions: free particulate organic carbon (FPOC),
occluded particulate organic carbon (OPOC) , particulate organic carbon (POC), and mineral-associated organic
carbon (MOC). Redundancy analysis was performed to analyze the relationships between soil physicochemical
properties and organic carbon fractions. [Results] O Compared with CK, the addition of organic materials
effectively reduced the calcium carbonate content of the two typical loess soils and increased the soil electrical
conductivity, TOC and total nitrogen (except for cellulose addition). @ Compared with CK, the contents of
FPOC, OPOC, POC, and MOC in the soil increased, with the largest increments in FPOC observed under
treatments with fruit tree branch biochar, tobacco stalk biochar and wheat straw. In black loessial soil, the
corresponding indicators increased by 2 158.5% , 1 545.3% , and 907.5% , respectively , whereas in loessial
soil, the increases were 2 971.8% , 1 717.9% and 1 730.8%, respectively. @ A highly significant positive
correlation was noted between FPOC, OPOC, POC, MOC contents and TOC (p<C0.01). The C/N ratio and
total nitrogen content were the primary factors influencing the organic carbon content of the soil components, with
explanation rates reaching 76.1% and 76.3% in black loessial and loessial soils, respectively. [ Conclusion] The
addition of organic materials increased TOC content, and effectively improved soil physicochemical properties.
Compared with CK, the contents of FPOC, OPOC, POC, and MOC in the soil increased. The C/N ratio and
total nitrogen content were the dominant factors influencing the organic carbon content of the soil components.

Keywords: straw; biochar; particulate organic carbon; organic carbon fractions; mineral-associated organic

carbon; black loessial soil; loessial soil
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Table 1 Basic physicochemical properties of tested soil

A LA/ 2R/ RS/ B R/ FORAL

T ) k A Ik 112 55 &

HRM H{H g e .

R N p A (g,kg—l) (g’kg’l) (g'kgfl) (p,S'Cmil) Wk biig A iy
(2.000~0.020 mm) (0.020~0.002 mm) (<C0.002 mm)

Byi+ 8.094+0.02 9.61+0.20 0.54+0.01 77.03+0.93 131.30£2.78 47.27+0.49 34.38+1.03 18.35£1.52

#at 8.46+0.01 5.37+0.15 0.24+0.00 90.93+1.93 107.57+0.81 74.06+0.06 18.71£0.34 7.2340.29

x2 12FSMNEBRNIRTREN
Table 2 Elemental composition of 12 types of
exogenous organic materials

JCR AL/ %
ALY R C/N
C H 0 N S
AT A 4 5% 51.23 140 20.33 145 056 35.38
BARR KLY A 56.36 2.19 17.58 0.69 0.00 81.44
INEEREFE 23.33 293 21.75 0.84 0.00 27.70
R 27.39 3.86 29.76 2.61 0.52 10.51
X 3 16.16 2.87 26.61 3.35 0.59  4.83
4 3 21.43 297 2398 217 0.06 9.86
i 2 M 35.52 6.44 5446 0.00 0.00 —
ARF S 22.78 3.44 3560 0.00 0.03 —
LB H; J7 3k 33.08 5.02 32.03 10.35 0.07  3.20
PAM 1.52 0.00 6.34 0.81 0.03 188
IS S 24.52 3.18 28.68 15.66 0.02  1.57
TTRME 40.21 6.47 42.26 7.47 0.00  5.38
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M2 AR R3S R G B TIRE A RIRE
R G ) SR i E K DL R K 43
Ry ) RE K A 70%6, DUAS IS I AR IR A HL A
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T o 5 R R G A T O Y O v A Lk o)
N FPOC, OPOC,MOC 344143, POC & = W] 38 3
FPOC flOPOC —# Z it &5 5], HAKRAME L 5§
R,

FR B 10.00 g & 2 mm i /9 KT & HEAE & F
100 ml (9 8508 I A BE S 1.7 g/em® 1 BAL 4
50 ml, I} F#% 3 1 min J5 5 A $ K 4% 3% (60 r/min)
30 min, 5 % 5€ R BL 3 500 r/min & .0 15 min, Y4
B W I AT I E G 0.45 pm BB D |, I ZE 18K BRI
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Table 3 Effect of organic material addition on physical and chemical properties of black loessial soil

i P pH i E@:TE'F%E/I ﬁf}éﬁfi’f‘%l/ )é»ﬁm@lé/ /ﬁﬁ/l C/N
(mSe+cm ) (gekg ") (g+kg ") (g-kg ")
CK 8.05+0.01° 0.1540.00" 76.07+1.46° 9.5840.31" 0.53£0.01" 18.2040.81#
JRFE A= 4 o 8.58+0.10° 0.554+0.02" 75.4940.63" 24.6940.18" 0.60£0.01¢ 41.31+0.70
AR e 8.28+0.04" 0.17+0.00 75.87+0.61° 26.36+0.28" 0.5440.00" 48.94+0.54*
INFEFEFE 8.03£0.01¢ 0.1640.01* 74.77+£1.28" 17.98+£0.19¢ 0.5640.01" 31.9140.10°
MRS AT 7.80+0.06¢ 0.9940.01" 74.39+4.42" 13.854+0.57" 0.74-+0.01¢ 18.61+0.77¢
X 7.7340.04 0.7340.00¢# 73.8640.38% 13.46+£0.25' 0.7340.01¢ 18.360.41¢
4 38 7.8040.01 0.534+0.01" 70.9040.28" 16.16+0.42¢ 0.66=+0.00" 24.6240.57°
% W 7.98+0.02¢ 0.2440.01' 70.904+1.10 13.55+0.17" 0.5540.00" 24.5740.32°
HF YR 8.63+0.00 3.3540.02" 65.0040.45° 15.6740.20 0.5140.00" 30.904+0.47¢
LB B 35 5 8.28+0.01" 3.2740.02¢ 71.0442.49" 11.6740.43¢ 1.03£0.01¢ 11.2940.49
PAM 8.2440.09" 6.98+0.02° 66.1641.44¢ 14.81£0.18° 0.68+0.00° 21.6940.35"
5 R 8.01+0.02¢ 1.5940.00° 63.114+0.96% 14.73+0.60° 1.11+0.01" 13.2840.35'
TR bE 7.2540.02¢ 1.8740.00° 60.24+3.47 18.3340.22° 1.13£0.02° 16.28£0.42"

TE < IR 0 BHE J5 AN [R) /N 5 B 3R R AN [ b B 22 53t 1 35 (p<<0. 05) . R 1A .
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Table 4 Effects of organic material addition on physical and chemical properties of loessial soil

x4 BHNYREF WX E S LB R0

HL& e/

WIS/

KA PR/

2R/

o pH (mSecm ') (g-kg ") (gkg ") (g-kg ") C/N
CK 8.3240.03 0.1140.00" 89.24+1.32° 4.814+0.14 0.2140.00" 22.454+0.82¢
TR FF A 8.9240.01° 0.49+0.06 82.29-+3.02" 19.52+0.37° 0.2740.01# 71.564+3.50
RS e 8.5640.01" 0.1140.00" 83.86+2.25" 19.94+0.18" 0.22-+0.00" 92.544+0.41°
/N REFF 8.24+0.02° 0.1740.00" 85.11+3.20" 13.6240.32° 0.224+0.03" 62.08+8.86°
TSRS FF 7.76+0.03" 0.8440.01° 79.7141.43% 9.4040.00" 0.4240.00° 22.42+0.04¢
pLAE 7.60£0.01' 0.7840.00¢ 78.71£2.28¢ 8.360.50" 0.45+0.01¢ 18.814+1.57%
4 2% 7.914+0.01# 0.38+0.00% 82.88+1.81" 11.02+0.44¢ 0.40+0.01" 27.87+1.11"'
A 7.91£0.03¢ 0.2940.00% 66.6041.83° 8.814+0.13¢ 0.2240.01" 40.31£2.29°
YR 8.984+0.14" 3.30+£0.03" 71.074+3.18° 10.7540.20" 0.21=£0.00" 52.314+1.07°
LB 355 8.43+0.04° 2.99+0.03° 53.80+2.84" 6.47+0.37 0.54+0.01° 12.03+0.65'
PAM 8.40£0.01° 6.27+0.25° 82.76+1.82"¢ 9.89+0.15° 0.4640.01¢ 21.574+0.20¢
65 R R 8.1440.02" 1.40-0.05 80.6341.80"¢ 8.90+0.14¢ 0.62+0.01" 14.304+0.18"
Uit 3 7.39£0.02! 0.8540.00° 83.38+5.26" 14.61+0.23" 1.2140.01° 12.11£0.31"
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M 1A, B 4+ 5 E 4 + FPOC, OPOC,
POCFIMOC & &5 CKAMH LA & . Byt
B FPOC & bk LB B 5 3 PAM Fl5e B R IG5
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BERE. 5CKM, RAEKAEY R A
B SINEEREFE L YL R NSRS AR INAE FPOC 1 /&
FH AR, Hp YT 4R T 2 158.5%, 1 545.3%,
907.5% ,888.7% ,447.2% s W = T 2 971.8%,
1717.9%,1 730.8%,948.7%,907.7 % , 1 H: Ath 45 #L
PyoREES i ) A R 5T+ 8% 5 T 50.900~377.4 %, fiff B
R T 300.0%~705.1% (p<<0.05) (& 1a), I H.
FPOC (i TOC # Lk 71 5 F& b5 4= PAM %8 hn sz A7 3
A FLA b BB T BE n, JL H EAT AR W e R OR A
AW e /N REFE U0 SR RS FE R 2R 4E R OU n fiF
FPOC § TOC 1y L 9 e T A AL B P 2)

A ALY RIS N X 13 OPOC & & 19 52 M an 1 1b
Fron 5 CKAH E, A HLY kLG n ff 2B 57 + OPOC
T E A, EA R W BR A 4E R (LB R IR AR
TR RE R e 2 18 AN S A0 A B R in ¥y
ffi OPOC & it B F e m . # OPOC & i 5 CK
Lo Y 38 HE B YT O PAM(469.9%0) > 5% B b
(449.5%) = 4l ¥ A= W s (443.7%) = /N Z& # #F
(290.3%) = 4 3¢ (281.6%) > W K K & 4 W) %
(276.7%) >34 36(200.0%) 5 #& 45 + F « WHAFT A= 9 Jic
(549.4%) > 5% B B (461.4%) > 4= £ (321.7%) >
PAM(274.7 %) > R R B 5 A= W ¢ (268.7 %) > 35 38

(159.0%) > /NEFEFF (155.4% ), HiAx ab B AL BB Y5 1
o 2 A v S8 R A A, L LT 34 A T R R A >
WE >R >LB R > RIS R Y 1.
35.9%~146.6% st 4% 1 :3.6 % ~114.5%) , Jf H By
+ 1 OPOC & /AT A b Hrh 3 & F 4 + (p<
0.05). HE 205, FA LR IAE OPOC (5 &
A HILB 1) L A1 1 o S Jon s e e A Bk A1), b A 3%
PAM FI3E BBER I OPOC 5 A ML I LK

AHYREME £EPOCEES CKM LB E
PR (p<<0.05) , FHovr , RORKL S A= Wy o IR AT A= 0 7 I
ANFERERFAS AL 435 POC 7 it 3 i T AL A b 2, HL
HE5CKAMHL, By + 8 F8 e T 915.4%,817.9%,
500.0% , B 4 - W FH 8 & T 1 143.0%, 931.4%,
665.3% , HAR ALY + 4815 T 44.290~364.7% , #
48 R T 101.7% ~446.3% , 3 B LB 8% 55 5 0 )
R AR S 4l 38 POC & im0 (| 1o

A HLY RS Xk £ 3 MOC & B9 8 0 fn 15 1d
Jin, 5 CK AL, BR/NZZ FEFF SR RS AP A9 38 4 4
F A PAM IR DN AL BEAL , FE A A LAY RHAS I3 5 32 42
TR LR MOC &, BT+ MOC & i &
CK AH Eb Y 35 2 HE 7 o - 50 JEOBE (43.1%0) = Ji& i iR e
(42.1%) > R ARBLS AW 5k (31.3%0) = M FT H: W) o
(29.5%) > B M (21.3%) >4-26(21.1%) >LB k5
FRI1T5%) > /NEREFF (7.7 >F 4R (5.1%) >
MSEREFF (5.0%) > 2 (2.7%) >PAM0.7 %) (p<<
0.05), 4+ &4 MOC 5 +HE TOC By & HH9 1T
TR 4 O B A ML R Al B+ 5 A
+ 1 MOC 5 B8 HLR Y E A BEAC, 78 R AR B &AW
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itk f b 91 5 L A AR AT L BN (BT 2) o 15 CKATLEL
BRI SR A LB K5 3R 3 A PAM 5 MOC 5 it 42
H AN 2 S R A LR I 5 B 4+ MOC &%
B E S . A MOC i 5 CKAH L i 4
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Fig.1 Effects of organic material addition on organic carbon content of soil components
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Fig.2 Effects of organic material addition on distribution of soil organic carbon components
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x5 AU ZERS T EIBNERD
Pearson 18 X 1% 43 #7
Table 5 Pearson correlation analysis between chemical
properties of organic materials and soil total
organic carbon
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Table 6 Correlation analysis between soil organic carbon
and different organic carbon components
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Fig.3 Redundancy analysis (RDA) of soil organic carbon
components and soil physicochemical properties
under different treatments
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