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Evolution of root system topology and its impact on soil carbon and nitrogen
components after introduction of Caragana korshinskii in desert steppe
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Abstract: [ Objective] This study aims to investigate the dynamic changes of root systems after artificial planting
of Caragana korshinskii in desert steppe and the action mechanisms of these changes on soil nutrients, thereby
providing a scientific basis for improving soil quality and nutrient cycling in desert transition zones. [ Methods] This

study was conducted in a typical desert steppe area of Yanchi County, Ningxia, with natural grassland and
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Caragana korshinskii plantations of 9, 14, 24 and 35 years old selected as the research objects. Using CT
scanning and image processing techniques, root system architecture was obtained and root topology parameters
were quantified to investigate the changes in root system architecture and topology after the introduction of
Caragana korshinskii, as well as the effects of these changes on soil carbon and nitrogen components. [ Results]
(1) Overall, with the increase of stand age after Caragana korshinskii introduction, coarse roots gradually
increased, while fine roots increased significantly from 24 to 35 years. (2) In the 0—20 cm soil layer, stand age
significantly affected root equivalent diameter (p<Z0.05). Compared with the 14- and 24-year-old stands, the 35-
year-old stand showed a significant decrease of 28.1% and 24.5%, respectively, but a pronounced increase of
15.3% compared with the 14-year-old control grassland. As stand age increased, root number density and root
length density first decreased and then increased, but both were lower than those of the control grassland,
following the order of CK>>35 a>9 a>>14 a=>24 a. On the contrary, the root equivalent diameter of each plot first
increased and then decreased, and the 35-year-old stand was even lower than the control grassland. In the 0—10 cm
soil layer, stand age significantly affected root volume density (p<Z0.05). Compared with the 9-year-old stand, the
24-year-old and 35-year-old stands showed a significant decrease of 22% and 44 %, respectively. (3) In the 0—20
cm soil layer, root volume density was significantly positively correlated with soluble organic carbon (p<<0.05).
Root equivalent diameter was significantly positively correlated with easily oxidizable organic carbon and total
organic carbon (p<C0.05), and extremely significantly positively correlated with particulate organic carbon and total
nitrogen (p<<0.001). (4) PLLS-SEM results showed that root system topology had an extremely significant positive
effect on nitrogen components (p<20.001), and carbon components also had an extremely significant positive effect
on nitrogen components (p<20.001). [Conclusion] After the artificial introduction of Caragana korshinskii in the
desert steppe, the development of coarse shrub roots initially inhibits the growth of herbaceous fine roots, and the
fine roots of herbaceous plants partially recover in the later stage. The optimization of root system topology
significantly improves the soil nitrogen supply capacity, establishing a positive soil-plant interaction mechanism.
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Table 1 Information of experimental plots

B b G 5 ik & Fr 2 bR /a W /m 2 (N) ZJE(E)
9a 9 1497 37°49.3001 107°29.6180'
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ANTHEMHETE FERE . ) . ,
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MR 4 b Ol AR Y 5210 %, BB HE 9 a(201 1 4 Fif
FEH D (14 a(2006 4 FHAE D L 24 a(1996 4 F 4D .35 a
(1985 A A ) AN BT M AL S AN FEdh . T CT A
T 5 OORGE BE A B, R B 0% 43 BT I ME AR P L B 4 A
eSS R AE 65 mm LN . I, &
65 mm 42 R 50 mm B9 H il 28T, 1 45 B L 0—
10 em F1 10—20 em + JZ RAE o e 2R A MR i B i
R UM XAANFEE F1DFEX2ATEE) X 24
)2 B AL 36 N ERTTRE ML o SRAE I SE T R R A
W) R ER TR B, R T R 5 T B+
e, [RS8 2 B R AR ) . AE i3 A A v [ e 2R )
E A B A B S PR AR R 25 . A AR M
i SR 20 ] R SR B B S IR AR 34 R
A ] S 06 5 DA R s 1 SE AR BRI R (R 2) o SR
HE T340 % £ 38 %5 8 (Bulk Density, BD), #1877 i&
JETE 105 CTFHtT 48 h)m L el 5 MR LR
+ 82 & JK i (Soil Water Content, SWC) % f 4t + ¥
W5 < B H R i A S8 AR S T S, DA AT S
P 5T 25 AT R BT A E A LA . R AR
JHERE KK AB RN E R E ANBHRE, WA L2
3AE R IFRA B2 il MS3500 #O0G kLR 7>
BTSN 5 A SRR 2H 15 LA ORE 4 B RVt B TV Ay Wi 43

WHE . KALBRE R CT 8 ER A5 51 .
1.3 #HES W
1.31 CTaE#LEREMGELE CTHAMNES R
= 988 % 45 B2\ 7] 4 77 B9 nanoV oxel-5000 & 41 XX
SHRIR CT R4, B A B35 200 nm (9 25 ] 43 JE R F14
FYNT 4y PERE ST 38 F T B AR B /N T 600 mm (1
BEAh . I B 6 TR 36 AN JFOR 4 FA A
A AR B 949 sk 0] U1 EHR U0 R 68 pm. 156
fili I Imaged #4XF T 45 V) )2 BHR AT A B, AR ol —
ALK G . B S8R Avizo 2019.1 IS 4b 38 k4 5 A
TAEAR S I X A R B BT A R AR UEAT = 4
Y, F ZRAR IR R = 2 T A AL
HARBAEL IR . 8 58, il 3 Non-Local Means
e St P A% 1 AT 0 D Ak B 2 2 3 43 LA
Pl G T L . Sk B A R A R 5 S R R R L iR
o B o Y 8 H R B IR A Volume-edit B2
e R A B X8 9 A2 % mask, B A5 5 4 BER N
0.068 mm/pixel (X J7 [a] ) X 0.068 mm/pixel (Y J5
1)) < 0.068 mm/pixel(Z J5 [ ) i = 4 7 R E 1%
1.3.2 R EAZSH HERHELSET, LHBZT6E
PR J ) 38 TR g 5 R S5 R AR Ak, 52 ma il 06 25 2R .
UG AE HEAT = Y FA R, T 2 B DR 0 % KON R 11 R



154 7 SO S

33 %

P T WLEE S M P DN R A TR T G A [ R 4%
Bk 1 mm AYEHE . R Avizo 2019.1 #44#9 ROT T
H 9 A E R 1 mm AR E 1 mm 59 R 5
P o A FRJS AR E] X, Y S E R — 24~24 mm, Z 35
Fil A —32~32 mm By = 4 £ hE RS8R . 454 %
PR SRS R4 EE M OR R E R 2 RPN
FEIT T3l 20 #0074, S8 L AE AR R A 4310 X ik

HP AR R AT UL A A A A DR 1 PR A
PR A R . 285 FIH Volume Rendering T H it
— B hRic A = AESS R AR R L = 4R A
125 FIH Avizo 2019.1 84 H 9 Label analysis B3t ,
XA R S BT B OO o Gl R R 1 S T
A LASRAR AR R B SRR R R TR
SN = 0 N i e R 1 B PR = SN

F2 HEMEEEAMR
Table 2 Basic soil properties of experimental plots
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Fig.1 Root system architecture of Caragana korshinskii in 0—20 cm soil layer
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Table 3 Root system topological characteristics at different soil depths in Caragana korshinskii

plantations of different stand ages

WL/
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F AL/

e O o o el (S, SRR mm I
0—64 0.01264+0.0029 0.03694+0.0114  0.005040.0007  0.059940.02 0.60204+0.06AB  622.24+75.4
Ve 100—164  0.0085+0.0013 0.02444-0.0061 0.00364+0.0029  0.04224+0.02 0.61884+0.03 614.4+44.6
0—64 0.00954+0.0016 0.025940.0059 0.00234+0.0014  0.030740.01  0.73524-0.20A 540.4+104.3
t 100—164  0.0096+0.0028  0.0268+0.0091 0.00314+0.0022  0.03984+0.02 0.7138+0.22 585.7+117.2
0—64 0.009540.0017 0.028740.0069 0.004140.0019  0.05204+0.02 0.7497+0.16A 819.2+226.3
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Fig.2 Root system topology of soil in Caragana korshinskii plantations of different stand ages
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Fig.3 TOC, POC, MAOC, EOC, and DOC across
different stand ages

b

TE R W R T AT 5 20 43 0t B Y T8 [T R A7 ) — [ 2 v R e e L
2 A E CTND B i 25 150 me/kg.
4 AEMNBHER . EZHR BESR.

AR EH SEM 14 81U 5 (GOF>0.36)
Wil 6 7 AR 2 R T &5 A0 X 4 40 77 A A 8 2 1F 1)
M (p<<0.001) , A2 R ECN 0.325. B 2H 70 % A A0 73

HWEEURABRERIE
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different stand ages
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