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Study of characteristics of root system behavior in vegetation succession in Loess

Hilly and Gully Region of Northern Shaanxi province
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Abstract: Restoration of vegetation can also play a role in reducing soil erosion and improving the soil environment in the
Chinese Loess Region. The vegetation recovery process, however, is slow and complicated, and the succession of vegetation
can occur over the extended period. The root system is sensitive to the soil environmental response as it directly contacts the
soil and plays an important role in the succession process of vegetation communities. The study of root system behavior in
different succession stages can reveal the associated changes in the root structure and functional characteristics of plant
community roots. The structure and ecological function of the root system are called root behavior characteristics, which is
important to study for vegetation restoration in the Loess area. In this study, soil and root samples of 4 different vegetation
communities (Artemisia capillaris, A. sacrorum, Bothriochloa ischaemun , and Lespedeza davurica) were collected in 2015 in
Wangmaogou watershed of Wuding River. Each vegetation communities was arranged in two plots, and then 3 - 5 quadrants
were established in each kind of plot. The inner diameter of 9 ¢cm root drilling was collected vertically down to 50 cm, all the
roots were picked out of the soil sample inside the root drill, and the soil and root samples were finally separately placed

into a bag, which was sealed and brought back to the laboratory. The root samples were washed with water and divided into
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four diameter grades; 0>D=0.5 mm,0.5>D= 1 mm,1>D =2 mm,and 2> D=5 mm. Then, the root samples were
scanned with a scanner. Finally, the root system parameters of length, surface area, tips, and diameters were determined.
In the study of root ecology, a complex problem is how to reflect the ecological function of the root system through the
characteristics of the root structure, that is, the mechanism of interaction between the soil interface and the acquisition of
resources based on the characteristics of the root system. However, the problems of various plant communities under
different soil site conditions and climates are considerably different, which could reflect the underground ecosystem, and the
related research is particularly complex and difficult. Therefore, we analyzed the structure and functional recovery, the
correlation, and effect on soil organic carbon of the root system of the plant community of returning farmland using nonlinear
ecological simulation technology in the Chinese Loess Region. The results showed that root length densities (RLDs), root
biomass, and root diameter increased slowly with the development of succession. The RLD of different diameter classes was
mainly affected by species richness and coverage, and the root system distribution in different successional stages was
uneven. The average fractal dimension of roots decreased from 2.77 to 2.59, and the niche index increased from 3.75 to 9.37
(both P<0.05) in the 2 - 21 years of succession development. The ecological function of the root system significantly
affected the soil organic carbon, and there was a significant negative correlation between the fractal dimension of the roots
and the niche index (P <0.01). Therefore, the structural characteristics of the root system directly determined its

comprehensive ecological function and, therefore, the more complex the structure, the stronger the functionality.

Key Words: plant; succession; root system behavior; fractal dimension; root niche index; soil organic carbon
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Table 1 Sample plot survey

IRBFAFRR e B

Abandoned Dominant Vegetation

VYR PR BE AU

R X Altitude/m Slope/(°)  Coverage/%  Associated species
years/a species life style

2 T BNy NN 993 29 44 Artemisia scoparia, Sonchus oleraceus, Carduus nutans,

Portulaca oleracea

PR R ORDLER k5 BT A

8 HArE B3y NIEW/N 1001 28 68 Artemisia capillari, Poa annua, Cirsium setosum, Lespedeza
davurica, Oxytropis bicolor
FLAOR G55 TR T B E R e A R T
- S W R
15 HEER ZERA 966 27 86 . iy
Poa annua, Lespedeza davurica, Artemisia sacrorum
Ailanthus altissima | Vegetationago depressa
FIEE RBOR BATHE G E SRR SR JL Y
A
21 T EEACR A HE R 971 31 85 Artemisia  sacrorum , Sonchus oleraceus ., Carduus nutans .
Caragana sinica ,Hippophae rhamnoides ,Armeniaca sibirica |
Ulmus pumila
x2 e tiEEAMERER
Table 2 Physicochemical properties of soil samples
BPHEBR Abandoned years/a
TR bR 2 8 15 21
Soil physicochemical indexes Wi MR MM GRSl R WE BRER
Mean Error Mean Error Mean Error Mean Error
pH 8.47 0.16 8.49 0.14 8.24 0.11 8.16 0.06
B PR Total organic carbon/ (g/kg) 4.67 0.28 5.09 0.41 5.16 0.61 5.46 0.96
A Bulk density/(g/cm?) 1.26 0.03 1.18 0.04 1.19 0.02 1.34 0.04
A Total nitrogen/ (g/kg) 1.32 0.12 1.09 0.14 1.43 0.14 1.59 0.23
AW Available phosphorus/ ( mg/kg) 1.46 0.16 1.58 0.15 1.59 0.15 1.66 0.13

1.3.2  HHEA BB E

A HRCH BT AR EE A A PR R A IS 5 2 ] AR A LR 23 A HT1300 [ AR B
7E
14 Bdlakbae

A B R FH Excel 2010 1 SPSS 20.0 #4708, R BRI 2 5 225087 (one—way ANOVA) HLEAS
[F) B Hs 2 B ) 25 5 . FH Pearson AHSCRECPFH AN 6] K 7 [ YA OGO R o & 1 R MR AR BR LUK + e 44
TR A AR 2 B (RLD, Root length density) , [FIAE 7 304 )2 R AE W (RWD, Root weight density ) ,
FHAERI A AR K (SRL, Specific root length) 2l

B TR AR I AR L) S AR 28 S EC2E 8, (R ) b 1A BT N A TR AR A AR 2R A ) Ak
ik, AKX T,

1-(d./d,, )’ "=W(8>d,)/W, (1)

K & FARPIRARY d 5 d TEEFISE = (d ' +d 7)) /2) 5d, HRBRKREHRAF I ERE W6 >
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i

K E ARFEMR RV ESOAEEG W Lo N S Do SR BT W, ARACSE L, MRAE N, AREK TR
S; MREAR D ARbRAFRAA,
MR RYAR R A SAIREE AR
E=YE, (3)
[, B N R GAR R AL HE L, SRRl T AT ) /lj\iﬁi?%ad‘z@%&*&/% A SRR
FRAE SRR E =25 8] R R M EE L. +)2 D.(i=1.2.3++), Bl 0—10 cm,10—20 cm,
20—30 ¢m ,30—40 cm 40—>50 cm; KP4 MR RBEH R(j=1.2.3-++) , B 0—0.5 mm,0.5—1 mm,1—2 mm,2—
5 mm;fEFR4E 1, (k=12 3---) BRI E W AR L ARV IRRIA S IRER D, WA .
Z =f(Di,Rj,Ik) Z € R’ (4)
Kb, Z 55 R T R AR E AL S R 2R AR R IR R SRS .

2 HR55%H

2.1 A[FEHEBFAREBR A B AR 2 530 A FRAE

23 WART 4 FIAFERPHMEREY AR E S WAV R RAREEMEREKE 0—50 cm 1A
BIE, T LA H AR A 28 Bl i AR A S 38 KR 80N, R AR BE 15 a B, S MAR K 2% 38 B e KM 31.04 mm/
em’, FEMRAEYR MR R EAAERRE 21 a B SE SR KM 3.35 mg/em® (1.47 mm , H A 4 e R I R )
2—21 a W WG, ULBARIBEK R W B R i R AR 2 R — AR AR R, R R A b
FE R R O TEA T, 24 A SR S 4 T RS, A AR R AR R IR R E AR, S AR
KAEREE R 2—21 a P, B Wi 16.39 mm/mg Jl/NE 7.37 mm/mg, HARKZPAARA Y EIR R KE,
FEAR K AN e AR R Z LB AR N 2, I, 2= FE W5 UE R, HAR K AR 2R T AR Rl 25 Fn Ak 9% 19 ¢
210 SN B A A R A AT, R A TR VR TR R A R LR B K, ]
RESE: ML VR Wb 2 REPESG N, 450 20 R e PRG3R (R 45 S 7
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Table 3 Average value of root index (SE)

AR BHHEBR Abandoned years/a

Root index ) 8 15 21
MK Root length density/ (mm/cm® ) 19.06(6.89) 20.52(6.89) 31.04(9.03) 23.77(5.79)
HA: 95 Root biomass/ (mg/cm?) 1.19(0.43) 1.63(0.55) 2.9(0.76) 3.35(0.82)
MR Z 4% Root diameter/mm 1.23(0.11) 1.27(0.07) 0.88(0.06) 1.47(0.28)
FEAR K Specific root length/ ( mm/mg) 16.39(0.94) 13.08(1.11) 10.2(0.52) 7.37(0.81)

2 SR 1 AR AR A SR bn A A S I ) T B AR . A% TECRR [ B BRI e T R4 B - R TR e, A
7] 1 J= 2 AR B AP AE BV 22 57 (P<0.05)
AR 2R A W ) T 0 A RIS AR 4 AT, 24 B - SR R Tl ) | 9 ELAE 2% 2 J2= 2 6] A7 1 i 5 22
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Fig.2 Vertical distribution of root system in different succession stages
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HHERE 5 R AR B 25 A K, AR /N ) 22 SN
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Fig.3 Vertical distribution of root length density at different diameter levels
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TEAEE R, U EC A AR R o LUl 2 | BIAR R A58 o — TR 4B IR IR RAEA IR 953 1
RIS BIAR RSB SN 2
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AL AR 2R AR 2SS HR 0T DA AR R AR AN [R] )2 A A S T REAR I , A= 2 B, 16 A AR 2 1) T v ik
5, 7T AL+ AT SE PR ) Mg, ANE 4 Fow AR BRECR R RN 2—21 a P BEYIEE IR R A SR B R
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Fig.4 Root length dimension and root ecologic index

BA IR B RS TR IR /- A AR R A RO B BB Y 28 5 A 3%, 35 /KF P=0.05

2.4 RAETHEFIES L HPEFAHEE R

IR RIS LA DL & i S A AR LR REan & 5 Fos, oT LA SRR B I 1 5eh
WLBR & 7E 3.72—8.39 g/kg 0], BHHEE LA 2—21 a | 34 WLRR & B AFAE— E R IE JoE e 16 H
Wil 5 AR ) 2 R, RHEA DL B AP R RS I ST B4, T 25K 50 3 K #IF R 8.3 (P>0.05) ,
XULPAAE # + XA B AR 0 21 a PN, H A ALK & b R R A 30 W kst . LIRS F BV R
F R FARL R e A Y Job A2, W SRR B ) AR A A B 2, BRI B 1 SRR A Y 21 a Ty RN A E P AR OR
AU

[H0—10 B 10—20 20—30 O 30—40 [M40—50
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08
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RR: 20008
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Fig.5 Distribution of soil organic carbon content and bulk density in abandoned land
) — BB IR i, A R /N S F A LR 2 TR AN IR 2 0] 19 22 5K 3 5 AR IR] B RS S R RORTEAS [R]85 B Be [l ) 22 5
AN, BEKF P=0.05

KM Pearson MAUAH AT RISY 3G MLk A T MRS 0 4E 80 MR R A SO 8 5 DL RO [ AR AR
K ILBIROCR (£ 4) , FTLE W, RIEAE 5 R R Y AAEAE 3G (P>0.05) |, i R B i
YIRETE IO LRI 2—21 a i, R IR H RN SZHIIR R A5,

TR GRS B AEBALAEEL P 5502 1 P riop 2 22 R 2 B 35 TEAH K (P<0.01) 8( P<0.05) ,
AR5 0.803.,0.742 ,0.614 ,0.477,, LIEATHLEK 5 i 5 M FR AR A7 H5 B2 AR I 25 1E A DG L T 48
TSRS, 45 6 2P R RAFIESE0S AR 2 AR A P8 55, % 98 AR 1Y 5 SR A B4R S 25 /R, DA
TMUE AR 2R 3= 5 A LR R R REE A A S TIREMEVE A 1A

R4S 0>D=0.5 mm MK T 5 HL B 825 IEAHOE (r=0.989, P<0.01) , 3BT 450K, AR &
KPEEAE T34 T 0—0.5 mm FBH AN, HHEESHH 0.55D=1 mm 1>D=2 mm 2>D=5 mm HK Fr & H6)
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LR AR (P<0.01) , R UM LRGN | i 2 sl B R AR G PR AR 4 T2 A, DT AR A A [ A= 29 14
oY TS, AR REH I S BRI 5 . 0 ARSI AR R SR R R B 35 A5 (P<0.01) |, 3X 58y
FRTSE ] 0 AR B RAR 2R 70 AR 20 | RVl = 5 KRR S5 A AT 2 | DA TTTRRE 7 AR 2R 54 ) AN E BE A
1, R AR S AR AR A A FE R M 8 3 SRR S iy i B A

R4 REMEN NRERFIES TEBAERHAXRY

Table 4 The relationship between the function or structure of the root system and the soil properties

LN ALK B MR Sr A A RLFEEL
Indices Organic carbon Bulk density Root length density ~ Fractal dimension Ecological niche
AP Organic carbon 1
ZH Bulk density -0.240 1
MK Root length density 0.803 ** -0.178 1
S HEAL Fractal dimension -0.633*" 0.232 -0.802* |
HE LR EL Ecological niche 0.742** -0.168 0.832** -0.931"* 1
Posp=0.5mm -0.553" 0.228 -0.759 ** 0.989 ** -0.893 **
Po.550> 1mm 0.614** -0.353 0.657** -0.804 0.755**
Popz2mm 0.477" -0.130 0.691** -0.937*" 0.832**
Pip=Sum 0.316 -0.078 0.613** -0.825** 0.725**

* FRFE 0.05 FKF (AU b ARG, + + FIRTE 0.01 K (BUM) b 52 A5 5 Posp= 0. « ELEEAT T 0—0.5 mm [HIAYARKE 5 BRI A9
ﬁtt;P0.5>D>]mm \P1>D22mm \P2>D>5mmlﬁzy(§§?E

3 WiREHSRR

B e SO DR T AR IR A T, i X 2t B T R A Fe bt . Sk T 8 DX 3 A 2K
AU B A AR O R R S B IR A AR MRE D TR TTRYSE R A 7 2 IR A R R R
[ AR AR 2R AT A A SRS SR IO X 1o ) 2 S B PR ) K ) IR 0 3P0 . MAEZS A i R | BT NI 5 £
MU PRI AR I 3 AR 0y S SR A AR AL ) 1 MRS AR SR A AR A A Wl 3K 43 %43 11
R TTRRE . REEWTFEE NN TR AT A B AR LA AR AT LUA R e AR TR AT RE ), A
bt 2 DN Ay REL RS 5 8 AR U T D T ) AR L A 0 390K 3 AR 435 Ok 7EAR R RIS O £ 3
BRI AAAE— IG5 . Riva %04 30 SR U e 1T 0F5%, 76 80 AR R 10 43T R AR R IB 545
MEFEHR 5 BURARE, KRR Y MR R Iras R SRK R ARSFAE B2 3D Ul TR
FRAFIEZ AR A AT RETE . e T ARG AR R R AEBAR A B AR R S MRl B A, mT LR A [RTAE A
VEIR AR P EROR R X T, B O HEAT AR B L A€, o TR R AE B RGN A i T %
A TN LSS AL B — RO AR DA =, BT LAR e AR SR BTN 3 O 22 H AR . DRBAS SOOI 21 o, 2
TR R I A B A WS HEA T T2 ol NI B ol

A LSO B NPRE X EIAR R Z B AR A DL T —Fh Z4EER R ITR ik, HUE IR
AHIFEIA AR B — RS R L, B — A B R G AR R R R 1 e K AEL, 16 22 48 JiE 2 ] BEA T
FRLLER G | BN B4R KPR AR PR AR X = AR E SRR B A, G SO — YRR &
A SRR, B R A R RV AR R AR A LA BOR B R X e, ARR A S AR BUE M IR R L35 28T
REAF AL 1R 1) — FiCE 7 1%, 23 S e 1V o B PR AR S 058 45 ] O 3 LA AR D SRR A= AR B AR o A
AR 348 TR bn oA 9 =05 TIRFAE

25 BRTIA AR R AR AT — A S 2R MR A e AR AR A R S AR R B A S T RE L, B
AR FONS e AR LA SRR ISR AT R R AR (o) R0 SR, 3 — [ B E A ) (R AR 0 B 7 S [ A
fiE AN L SEST i 25 R AR OR 257, IX i A5 REAS B S S el AR RAZS R MIDFFE I RN ME, A&
SCHE R TAR G AR R I HEROAIAR AR SR8, BON B W, I HAT AR GE T2 S AR O Al
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FE S B AR R 58 D B2 B AT ST 254 T B T AT EL T SRR . B2, il R B P R TE AR R
K AR A MRS B AN R E B WA E R ERE RS T80, R K
WIFRFSEN, BB R 2—21 a L FRHEMR R0 4E80H 2.77 BEW/NE 2.59(P<0.05) , BIAR &
SEFTERI IR E 1 AR P W T e AR R A SIS EON A Ak TR R IhREYE ,2—21 a b, A2
fe8h 3.75 BEWRE 9.37(P<0.05) , MRRABNFEE - HEG HUK & B 825 1A 56 (P<0.01) , BIR &
DIRePE A 1T DL 2 i i R P & i, B TR R85 A S0 HE U R 3 fA O (P<
0.01) , RIAR R M Z5 R FRAE e TR REEE AR TIRE , RN EEAIR T 2, DI RE e
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