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Fine root effects on the retention and availability of soil carbon and nitrogen after
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Abstract: The retention and availability of soil carbon ( C) and nitrogen ( N) significantly affect the stability and
sustainability of the restored ecosystem. Research about how fine root regulates soil C and N processes is significant
importance for thoroughly understanding the role of vegetation restoration and its specific application. An experiment was
carried out at the vegetation restoration plot which has lasted for ten years in Huanjiang Observation and Research Station for

Karst Ecosystems, Chinese Academy of Sciences. We analyzed the changes and relationships in plant (fine root biomass,
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3"C, 8”N) and soil (soil organic C, total N, 8”C, 8" N, soil aggregates, sand content, exchangeable Ca™", dissolved
organic C and N, NH;, inorganic N, microbial C and N) physiochemical properties among eight vegetation restoration
models, in order to clarify the effects of fine root on soil C and N retention and availability. The results showed a significant
relationship between fine root and soil organic C and total N, indicating that fine root played an important role in regulating
soil C and N retention. The significant relationships between fine root and soil aggregates, sand content, exchangeable Ca™
and soil water content, combined with the proportion of C input derived from new vegetation, the changes and relationships
of plant and soil 8"°C and 8" N further indicated that the effects of fine root on soil C and N retention may mainly depend on
improving soil aggregate structure, which enhanced the conservation and retention of the original soil C and N; while the
effect of fine root organic matter inputs was weak. The results showed a significant relationship between fine root and
dissolved organic C and N, NH; and inorganic N, indicating that fine root affected soil C and N availability. The significant
relationships between fine root and soil microbial C and N further indicated that fine root may regulate soil C and N
availability by affecting microbes. Our results showed that the higher soil C and N concentrations in spontaneous regeneration
and aboveground vegetation removal models compared with other six models. The better sequestrated soil C and N in
spontaneous regeneration and aboveground vegetation removal models may be due to higher fine root biomass and nitrogen
fixing plants. Together, fine root played the positive effect on the retention and availability of soil C and N during vegetation
restoration in a karst slope ecosystem. Thus, well-developed roots and nitrogen fixing plants can be jointly planted during

rocky desertification ecological restoration.

Key Words: soil C and N retention; vegetation restoration; fine root; isotope; karst
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Table 1 Basic condition of vegetation restoration plot

A~ =L

HBIR S

Vegetation restoration

LSEy RN

Treatment

B

Soil disturbance

HOBILAR

Vegetation condition

DS ANN

Prescribed burning

PRI

Aboveground vegetation removal

RIFIBRAR

Complete vegetation removal

EE M

Spontaneous regeneration

LA

Eriobotrya japonica
JeR

Cornus wilsoniana wanger
e

Zenia insignis

T X#R

Cyclobalanopsis glauca
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JEURAE B, BRAR
FEUHA G B, L 3 AR
BRI AR, BRAR
FEYUMIEAE &, 1% 28 3 4F Bk
JEURAE B, BRAR
FEYURR T XIHR , 4L 3 4R
B IER AR B, BRAR

Rt 3 sh

R ap 5/ F

Bl

T HTEI S

ST M 3 A
i LB
ST W S 3 AR
o R Bh
AL B 3 A
e 1 B)
ST W R 3 AR
o I B)

Y LERE S v B DAREA R ) R AR
[ Ii’#( Imperata cylindrical ) | = SEAT ( Microstegium
vagans) , T il T ( Mallotus barbatus ) | 45 T #1 #
( Amorpha fruticosa ) %

TR LIRS, DIy £ EE A Y
H3F (Imperata cylindrical ) | % 4= 35 1T ( Microstegium
vagans) VRTEMLE ( Amorpha fruticosa) 55

VL3 (Imperata cylindrical) |
L FEAT ( Microstegium vagans) A

TR T 90%, ZHEAR BRI FER
FEAS PR EL 040, T2 BLAH B N B ( Vitex negundo) |
K8 (Aralia chinensis) . i ( Mallotus barbatus) . K
ik ( Pyracantha  fortuneana ) | 2R R ( Amorpha
Sruticosa) /N AEBE AR ((Swida parviflora) 77 M 464
( Zanthoxylum armatum) %5 | JEY) 28R

FE B IRLAE ( Eriobotrya japonica) 7 3, JLF- 1% 4
AR, R A IR )

A% LI KB ( Cornus wilsoniana wanger) 73, HiTF
BARBEIR AT, JA & P 2B

AW VT 5 ( Zenia insignis) i 3, #1F BA Bk 4
IR #EAREZ R, IR

FE#E LA XK ( Cyclobalanopsis glauca) 3, i B
ARG A P75 2 AR

®2 HEHEHRETFIEMEYEREBLER

Table 2 The basic physicochemical properties of soil and plant after ten years vegetation restoration

B
Physicochemical SR CWW CG EJ 7S PB VR CVR P
properties
HHURE SOC/ (g/kg) 59.6+3.6a  43.9+43bc  40.9:4.5c  49.3:53abc  45.1%5.8bc  54.7+4.5ah  62.2+44a  51.7%2.7ab 0.01
M TN/ (g/kg) 4.8+0.5ab  4.120.3ab 4.0£0.4b  4.4%0.4ab 49+03ab  4.920.2ab 5.120.3a 4.5+0.3ab 0.32
+ 45 813C/ %0 -20.6+0.3b  -20.1x0.5ab  -20.0£0.4ah -20.4x0.5ab -20.4+0.3ab -20.3+0.3ab  -20.2+0.3ab -19.1x0.4a 0.18
+-45€ 815N/ %o 54202cd  6.7%0.3ab 5.603cd  6.203abc  5.2+0.3d 6.9+0.3ab 6.1£0.3bc  6.9x0.2a <0.01
LIRS Ca*/ (g/kg) 5.2+0.1a 4.5+0.3ab 3.3:0.5b  4.8+0.3a 45£03ab  5.0%0.2a 4.9+0.2a 5.0+0.1a 0.02
pH (H,0) 7.8+0.1ab  7.5%0.2b 6.4:03c  7.8+0.0a 7.6£0.2ab  7.8+0.1ab 7.9£0.0a 7.920.0a < 0.01
M feate A L
R i 33.4+1.6abc  37.8%1.0a 36.1+5.2abc 36.8+3.1ab  38.9+3.8a  33.3%£5.labc  27.1#32¢  30.7x1.9hc 0.19
Clay content/%
Tk & i

) 19.4£0.7a  17.7£0.4ab  15.6x1.1b  19.6+1.3a 17.5:0.4ab  18.2¢1.2ab  16.7¢1.3b  17.620.8ab 0.12
Silt content /%
Iz

47.2+22ab  44.5£1.0b 48.2+6.2ab 43.6+4.3ab  43.6+4.2ab  48.6x6.4ab  56.2+4.5a  51.8:2.7ab 0.39

Sand content/ %
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AL
Physicochemical SR CWW CG EJ 73 PB VR CVR P
properties
R
3 0.6£0.1abc  0.7£0.0a 0.7+0.0a 0.7+0.0a 0.7+0.0ab 0.6+0.0be 0.6+0.0c 0.6+0.0bc < 0.01
BD/(g/cm”)
- F e
FABKE 453.4+5.7ab  428.8+3.8b  465.7£1.2a 468.1+3.8a  458.0+2.7a  456.3+9.8ab  453.1+7.7ab 429.3+6.2b < 0.01
Leaf C/(g/kg)
IR R/ e
T RRE 21.2+1.6b 19.2+0.7b 18.0+0.8b  13.4+0.7¢ 38.3x1.1a 23.7+5.1abc  21.9+4.3abc  12.8+1.0c < 0.01
Leaf N/(g/kg)
HiH) 813C/ %o -31.6£0.4d  -30.6+0.1c ~ -32.7+0.2e -32.2+0.3de  -29.9+0.3bc -22.2+#3.7b  -21.7+3.7b  -12.920.2a < 0.01
Hi) 8°N/%o -3.2+0.7¢  -1.5+0.3ab  -2.8+0.6bc -0.8+0.la -1.2+0.2a -0.9+0.4a -0.6+0.5a  -2.3+0.4bc < 0.01
AR Wi
%EE{*E/J;:/%%) 130.3+18.9a  42.4+10.7d  53.6£12.8cd 57.9+19.4cd  53.9+7.4cd  76.0+13.3bc  105.9+14.5ab 72.8+11.6hc 0.01
m

SOC ;G HUBK soil organic carbon; TN & total nitrogen; BD: 28 soil bulk density; FRB: IR A=/ fine root biomass; SR : 5 EHK Spontaneous regeneration; CWW ;
YW Cornus wilsoniana wanger;CG;%MfE: Cyclobalanopsis glauca; EJ AT Eriobotrya japonica;ZS:EE Zenia inxignis;PB:J(%%é)i\ Prescribed burning; VR ; RIS A
Aboveground vegetation removal;CVR:X'J%ﬂ%fﬁﬁ& Complete vegetation removal
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1B 5 RN E 38 pH AYAE Ak ARG A 15 mL 0.5 mol/L £h1R , it FE LSS5 A A, L B, 28 T
IKIEUE 2—3 i, H R TP, TR 60°CHE T+, BERE, 55 ] i SO E R DL EAB IR B0 B,
RIRVET I AW MR T IETCALER & R R] BRUE T  65—195 mL, 43 SIFRHEL 20 mg AU KRR B FIRR Uk +
ﬁ%;&ﬁﬁﬁ%ﬁ*ﬁﬁ(( Isoprime vario ISOTOPE cube, Elementar, Germany ) — [ 437 25 o 1 AL ( Isoprime 100,
UK) T + A HLBR RS A B M R 28 T2

FRECS g T L A B84, FH 200 mL 1 mol/L /Y RV R vh ik , fie i 8 45 28 250 mL, JEF- IR 43
JEIGRE TN E S B 1

T  RIIR R A BRAEZ B8, 60°C ML PR I T 38 25 o 5 MR 3R A ol T /K T B T4 B T
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Fig.1 Correlations between fine root biomass and soil organic carbon and total nitrogen content under different vegetation restoration

strategies
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Fig.2 Correlations between fine root biomass and soil microbial carbon and nitrogen, dissolved organic C and N, NH} and soil inorganic

nitrogen under different vegetation restoration strategies
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Fig.3 Correlations between fine root biomass and sand content, >2—8 mm macro-aggregate content, soil water content and exchangeable

Ca®* under different vegetation restoration strategies
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