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Abstract: [Objective] This study explores the soil organic carbon (SOC) distribution characteristics and soil C sink potential of
different types of economic forests in the Yellow River Delta, as well as improving soil capacity, thereby clarifying the influence of
economic forests on SOC, soil structure and fertility. [Method] Typical economic forest tree species (i.e. Ziziphus jujuba, Prunus
persica var. nectarina, Pyrus bretschneideri and P. persica var. nectarina + P. bretschneideri) in the Yellow River Delta were selected as
the research objects, and Populus alba farmland shelterbelt was selected as the control. Soil samples from the 0-20 cm and 20-40 cm
soil layers of different treatments were collected to measure SOC, moisture physical and available nutrient indicators. [Result] 1)
The mean values of SOC content and density in the whole profile ranged from 3.85 g/kg to 10.76 g/kg and 0.97 g/kg to 3.00 g/kg.
Among them, a single stand economic forest > P. persica var. nectarina + P. bretschneideri > P. alba, and the economic forest increased
by 50.05 % compared with P. alba. The soil water-holding capacity is shown as follows: P. persica var. nectarina + P. bretschneideri >
P. alba > single stand economic forest; the content of soil available nutrient in P. bretschneideri soil was the highest, and P. alba was
the lowest. 2) The SOC content and density and soil water-holding capacity and available nutrient contents in the 0-20 cm soil layer
are exceeded that of 20-40 cm. 3) SOC content and density were significantly positively correlated with soil water content, storage

rainfall, available phosphorus and available potassium content, and significantly negatively correlated with effective storage capacity
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and pH. [Conclusion] This study has found that SOC storage in P. bretschneideri is the best, followed by P. persica var. nectarina ;
P. persica var. nectarina + P. bretschneideri has the best soil water storage performance, followed by single stand; P. bretschneideri has
the best effect on improving soil nutrients, followed by Z. jujuba; P. bretschneideri and P. persica var. nectarina + P. bretschneideri are
the planting modes with good soil C sink potential and soil improvement effect in this area. This result can provide a certain degree of

reference for study on soil C sink and soil quality improvement of economic forests in the Yellow River Delta region.

Keywords: soil organic carbon; soil nutrient; soil improvement; economic forest; Yellow River Delta
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Tab. 1 Morphological characteristics of different forests

LSt PR FH R Motz Nt PRATBE 8 P £ PR AR 5
Forest types Average Average (root) Forest Distance Canopy Understory
height/m diameter at breast age/a between vegetation
height/cm plants/m*m coverage
it sA 1.8 4.0 7 1.0X0.5 0.95 0.73
Ziziphus jujuba
bk 2.0 35 6 1.5%X1.0 0.65 0.83

Prunus persica

var. nectarina

LB 2.5 4.2 7 2.0X2.0 0.61 0.76
Pyrus
bretschneideri
TR+ ALRS 2.2 3.8 6 2.0X1.5 0.60 0.64
S

P, persica var.
nectarina + P,
bretschneideri

S)7] 4.8 8.4 6 2.0X3.0 0.57 0.85

Populus alba

2.2 IEHSNE

T3 WK H B AR R S-S IR e o A MU BT S E M % TR, AR

SOCDi=SOCixBDixDi

AH: SOCDi Al SOCi 7K 1 J2 LA W E (kg/m2) F-LIBEEHIRE = (g/kg); BDi NE
i EM TR E (g/em3); Di AH 1 EMLEEE, AU IEA 20 cm. 135855 H AL B /K o)
Febn K PR TR KD 5E 5 3385 R4 R HH Bl Ak g 5 1 338 R0l SR FH i R L AR B - AR Bh L Lb vkl 5 5
38 SR T NH4AAC =42 - 86 I 5E

2.3 BUEAIE

i Excel 2021 $#asb 2, Origin 2018 22/, KH SPSS 27.0 X HHE AT K 2 7 2 734 (one-way

ANOVA), XfE (Duncan) EHITE R B EMERL (P<0.05), KA RZ/RHE (Pearson) FEAHIM: 4.

3 GREH
3.1 FEMS BT IRBHR S EHE

mE L aE, BT EARMKS EEAEY RS EMEEEREE (P<0.05). £ 0~20 cm T2, T3

B S ERZEE BN T 6.73~10.76 g/kg F1 1.88~3.00 kg/m2 2 [8], ¥4 PB ficim, 20 5lEk PA H4hn 59.
T4%H1 58.98%. 7 20~40 cm + )2, TIRA WIS BRI L0 AN T 3.85~7.89 g/kg F10.97~2.40 kg/m2 2
B, ZJ. PN, PB ¥EZE&ET PA (P<0.05), Z7r%l/& PA 117 2.05 f%. 1.82 fi%. 1.63 fi5F1 2.26 fi5. 2.05 fi%+

1.64 1%, fE43%0H F, TGRS EHEEXIN PB>PN>ZI>PNPB>PA, 435t PA B0 60.95%. 5
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3.86%. 42.64%7F1 30.37%; LIEAHLERE FEIERIN PN>PB>ZI>PNPB>PA, 4Lt PA 3hn 61.2
5%. 60.93%- 54.48%7%1 18.04%.

Bk 71 4b, HARZHAR LA P S EMEEZEN 0~20 cm>20~40 cm; PB. PNPB. PA ff] 20~40 c
m HIEEH YIS BB KT 0~20 cm (P<0.05), 737l 41.61%. 54.80%- 42.81%F141.72%- 6

1.14%-+ 43.63%.

&2 0-20cm 40 Aa 3 0-20cm
14+ Aa @2 20-40 cm 2 20-40 cm
_35f
~12k €
g nea @30l
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§ s . Aa ) ABb % 3 25 FABa 7 ES Bb
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Hg° 7 cb  HeEasp cb cb
] S
[S] o
2 4 H %7 = H
3 g0 %%
2 H 0.5 H
0 0.0
ZJ P PB PNPB PA z3 PN PB PNPB PA
FRErZER! Forest types FRIYFERY Forest types

1 SRR 7 ST 3 HURR & B A0 i
Fig.1 Soil organic carbon content and density of different forest types
1 ARIKE FRHMUR ) — LB AR RIS Z 85 667 2 57 B35 (P<0.05), A FVNG R F — M4 AR 1B 2 8] 5 Bia bR 22 573 235 (P<0.05).
FA.
Notes: Different uppercase letters represent significant differences in various indicators between different stands in the same soil layer ( P < 0.
05 ), and different lowercase letters represent significant differences in various indicators between different soil layers in the same stand ( P < 0.0

5). The same below.
3.2 A[EMKRGr 2B L IBK S YD ERHHE
321 2RAEFHILKE

HE 2 /%0, [F— LA R R ] LI A E R R A RE (P>0.05). ££ 0~20 cm Al 20~40 cm &
2, HIEERESHNT 1.33~1.49 glem3 F 1.16~1.56 g/em3 Z ], ¥4 PNPB ik, fE4#m b, HIifEE
HEIEFEI N PN>Z]>PA>PB>PNPB.

% PNPB 4, H A LIEAEE N 20~40 cm>0~20 cm; [[— WA E L2 LR E 2R A L #

(P>0.05).
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Fig.2 Soil bulk density of different forest types

HE 3 Al A, [F— L EANREFRE LIRS Z R A EE (P>0.05), 7£0~20 cm 1/Z, TIELSL
R B AL EL 2 AT 36.93%~44.24%F0 0.59~0.80 2 [8], PA FLERE & . 7£ 20~40 cm L&, H3ERTL

R P AN FL R B4 31 A T 34.83%~51.72%F1 0.53~1.33 2 ], PA fLMfE . E4dlm b, AR ENE

#£IN PA>PN>PB>PNPB>Z]J.

K PN 1 PA #F, A HIEFLEEEERI N 0~20 cm>20~40 cm; [F]— W48 4 J2 (8] FLIE B 25 5 AN

&£E (P>0.05).
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Fig.3 Total porosity and porosity ratio of different forest types
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FIEEIKES BT 38.10~70.68 mm il 38.76~72.53 mm 2 [8], 4 PB fim, 437/ PA 1) 1.85 f5 41 1.
87 fi5. TEA M b, LIEE/KEMEEFI N PB>ZI>PN>PNPB>PA, 4} %It PA 3411 86.32%. 40.88%.
39.06%71 29.64%.

& ZJ A1 PNPB 4, H A LIS /K EN 20~40 cm™>0~20 cm; ZJ ff] 0~20 cm 35K E 8w

T 20~40 cm, 70 16.81%, PN [ 20~40 cm HIES/KEEZETT 0~20 cm, 1 9.86%.
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4 AN[RIR 7N ST g K B
Fig.4 Soil water content of different forest types

HE 5w, [\— L RANERR S ] IR E KR 2 R B (P<<0.05). 7£ 0~20 cm L)z, PB L&
IKVERE R KT PNPB M PA (P<<0.05); & FR/KEMABIRE BT 16.24~44.97 mm Al 12.21~38.
56 mm Z[f], 7£ 20~40 cm tJZ, B—Ir LIREKVERE R ZECT PNPB, H PN. ZJ. PB &K T PA (P
<0.05); HE BKEMG RS RS HAT 12.53~93.99 mm Al 11.69~91.97 mm 2 ], 7E4=H | F, 13
EIKMEREFR DN PNPB>PA >PN>ZJ>PB.

B — IR AR IEE K REI N 0~20 cm>20~40 cm; PN Hil PNPB I8 & /K It e 7E AR + )2 7] 2=

FHEE (P<0.05), HEMAOAFRLZERZRAEE (P>0.05).
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Fig.5 Soil storage rainfall and effective storage capacity of different forest types
3.3 NEWMSDEBTIRFF SHHE
331 EIERIA

HE 6 1T %1, [Fl— L EAFRR A LIEE A S EERARE (P>0.05), {HEZ{LT PNPB (P

<0.05). 7E 0~20 cm F120~40 cm )=, TEEERSES NN T 2.02~27.06 mg/kg F 2.38~20.01 mg/k

g 2 [, ¥ PNPB i ARG ESHNT 5.12~30.63 mg/kg fl 2.20~14.99 mg/kg 2 i, ¥4 PNPB

A, fEAEE L, TSRS E S EWEEN N PNPB>PA>PB>Z)>PN; TIHEMSESEWHETINA Z
J>PA>PB>PN>PNPB.
K ZJ F1 PN 4F, HAewa TSRS BN 0~20 cm>20~40 cm; & PB 4F, H4atkay HiERS

EEYN 0~20 cm>20~40 cm. PNPB LB SRS EEAFLZHEREE (P<0.05), 0~20 cm 72 20

~40 cm [ 1.81 f&%5; F—MOAELERHIEMESESELEZFALE (P>0.05).

35 -

3 0-20cm
A2z 20-40 cm 70 - 3 0-20cm
30+ Aa Z2 20-40 cm
— 60 |
ot
[=2 —~
E oot
c > Aa Aa
g20 £
RS Ab B gt
c <]
Ei5 Ba = ‘E Aa Aa
5 Ba &30 ] Aa
B zZ
< 20 1
-
Ba % Aa
5 Ba
0 0
ZJ PN PB PNPB PA VAl PN PB PNPB PA
Fh5y PR Forest types

FREYFERY Forest types
Bl 6 AR bR 43 2 - e A5 AN A S
Fig.6 Soil ammonium nitrogen and nitrate nitrogen of different forest types

332 ik
HE 7 v, [F—L )20 PB LA & R T AR (P<<0.05), H HAhAR AR 2 R A
% (P>0.05). 7E 0~20 cm A120~40 cm L2, THEEHABES &0 T 5.92~97.50 mg/kg Fil 4.34~28.53
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mg/kg (). FEAFI b, RS EIE Ry PB>PNPB>PA>PN>Z], PB j& PA ] 7.14 fi.

A —Fk o A7) 2 A5 2 o B3N 0~20 ¢cm>20~40 ¢cm; PN. PB. PNPB. PA [f] 0~20 cm &2k

& B & 20~40 cm 1) 1.79. 3.42. 3.02 fl1 2.56 f.
140
Aa 3 0-20cm
T 32 20-40 cm

120
>
< 100
o
£
g
fl 80 -

g2
We |
s % Ab
o
<
s 40 F
5: Ba
T Ba
I
L Bb
2 Ba pga Ba Bb T I Bb
0 V772 %22 2 é 7172
ZJ PN PB PNPB PA

HRYZER Forest types

7 AFEIMR ST A A

Fig.7 Soil available phosphorus of different forest types

3.3.3 ik AT

8 Al &, [A— L ZAEMA ] LI & EE T EE (P<0.05). 7E 0~20 cm f120~40 cm +

2, EEA SR I T 88.83~277.40 mg/kg Al 37.67~196.33 mg/kg 2 8], ¥4 ZJ. PN. PB +IgEik

WG RN E ST PNPB F1 PA (P<<0.05), 472 PA [ 2.44, 2.81. 3.12 {551 3.68. 2.32. 3.39 f%. 7£4

B b, I A B E RPN PB>ZI>PN>PNPB>PA, 452 PA [ 3.30 fi%. 2.90 f%. 2.63 fZ41

1.02 1.

[ — WA A 2 I A S 3N 0~20 cm>20~40 cm; PN. PNPB. PA [#] 0~20 cm HRG4H 2

R 20~40 cm ) 2.01. 2.84 A1 1.66 1.
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300 b
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E |
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2150 T .
% L Ta Ca
20| 7 Z R ]
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Cb T
T | 7
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4y 2B Forest types

B8 AS[RIAR 7y SR - $ 5 A A
Fig.8 Soil available potassium of different forest types

3.4 AR EBTIRANRSELRE FIMEXMED T
HIE 2w, UGS B S IR SLBREAE R S BAOMEA R E (P>0.05), 5
TIEEKE . WERKE . B ES BAE S E R REE EAHKKR (P<0.01), S5HXMEEMN pH

AEREZE IR R (P<0.01), LEAHIREEESSEEHRTEIEMILCKR (P<0.01).
=2 DIEEH SR E TR XS

Tab. 2 Correlation analysis of soil organic carbon and physical and chemical factors

SBD TPO PR SWC SR ESC  NH4*-N NOs-N AP AK pH SOC  SOCD

SBD 1
TPO -0.128 1
PR -0.135 0.905™ 1
SwC 0.225 -0.285" -0.190 1
SR -0.734™ 0.311" 0.270" -0.698" 1
ESC -0.706™ 0.310 0.279" -0.694™ 0.963" 1
NH4*-N -0.485™ 0.240 0.214 -0.096 0.400™ 0.411™ 1
NO;-N 0.011 0.038 0.137 -0.261 0.027 0.041 -0.115 1
AP -0.107 -0.122 -0.120 0.511" -0.310" -0.332" 0.089 -0.064 1

AK 0.166 -0.329" -0.271 0.625™ -0.581" -0.577" -0.13 -0.020 0.569™ 1

pH -0.216 0.093 0.135 -0.342" 0.440" 0.479™ 0.122 -0.038 -0.455™ -0.547 1

SOC  -0.020 -0.234 -0.250 0.446™ -0.382™ -0.415™ 0.185 -0.030 0.550™ 0.765™ -0.552™ 1
SOCD 0.176 -0.249 -0.262 0.475™ -0.500™ -0.525™ 0.086 -0.022 0.507" 0.778™ -0.583™ 0977 1

#: SBD: 1345 H Soil bulk density; TPO: ELFLIGEE Total porosity; PR: FLERLL Porosity ratio; SWC: 3% 7K&E Soil water content; SR: W&
[%7K i Storage rainfall; ESC: 74U E & Effective storage capacity; AP: J#2(f§ Available phosphorus; AK: J# 44 Available potassium; SOC: +-
HEEMK Soil organic carbon; SOCD: T3EEHUKEE Soil organic carbon density; *y P<<0.05; **Jy P<<0.01.

393



S U E MO AR 2 S7 Loy 2217

4 g

4.1 TR HETIREH R EMEE S FHFE

TSNS AR 358 5T R ) R AR, 0 LI H B U AR SR ISR IR Bk
EEMEE S TAREGA, AR EHE . 7RSS YR AT IR RS R,
2R RS IR 28 1 3 LB B B B (R A TR A bR o>V A bk > B> 01, 3 R 45
BB ARFREGE R MHRREY, (ST MR IR RS R, AR LR
T I AR A R 02, FRRBA TR RAE Y EH AN 4R KARREZFEIRL,
FEI A AR P et SRR A AR AN, AT iy LR PR AN IR 0 (R PR T, 45 SR B Bk e

[11-13]

J

EREE T L, AN S R RN 0~20 cm™>20~40 cm. MR, ki S R LA MK
il BB - J2 R BE A I BB AR AR %, HA R R i R A R, X5 A R —
Bl REZEREVREDRGHIYIBR 72 i 1) LB X, YRR 0 B i A U, IR
B AU TR L RAEAE LU T, SAM TR sc il PTA HLRAE R /= & Em TR RN LA

AP S ERINVRZICT TR, XrTRRMEIEH KSR,
4.2 TEMRG 2B TITK IR AR S S 451E

38 A B R AL 0 PR R 3 ] A SO AN FL R 2 TR AR BE b, e bl B L R 2 R 1) S5 A
o ARBFTCIEE) 5 bRy LR EAFLRR L AR, WTRER PN A RL AR LR P 7 AR K
SRR, N T ILBRE ZE R EIRAH LI ST ARy, SRR MR AR A — e R X
R PREE A 1) R SCR U . B PN AT PA Ab, HARMI: HIRALIREEIS N 0~20 ¢cm™>20~40 cm, ] 0~20
em R EHGE KM BRI IET 20~40 cm 209, X 55Kk GeIE K DU 2 T3 FLRR A
HEE MR T HHEZ 2 — e,

B KR AR EPN K T RIS DU SRR, A R0 & B 4R IR — N AT T A K
KB, RN 32 B FLIGURE AN A ] 338K 7 s ma sl A 7 vh 81— pR O R DMK 133 B /K P
RTRATHR, IRHES BB T 20K, TRASARSE BE S0 L3R B T 7). T S PR 9Tk S bR 73 2 R

A, ZRERIM PSSR B) T o5 LR as ), (REE LK 4y BB AN A7 R 70017 FEA ROK /et U7 T,
TRASHAR REH EMIASHE, TR N R SRR R 25 18], A5 R 38K 43 1 s 28of 0,

TG AR D IRE TR TR, 5 HIRA YRS BRI B R BT, AHE T AN RIS
HAREELRELER (P>0.05), YHHBE A REA R LIRA NS B RS H R PB WA
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