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The spatial distribution and seasonal dynamics of fine roots in a young Caragana

korshinskii plantation
ZHANG Fan, CHEN Jianwen, WANG Mengben *

Institute of Loess Plateaw, Shanxi University, Taiyuan 030006, China

Abstract ; It is important and significant to know the spatial distribution pattern of fine roots for understanding the utilization
status of the available resources belowground. The objective of this study was to investigate the fine root dynamics of
Caragana korshinskii Kom, a shrub species widely planted to control soil erosion and land desertification in the semiarid
area of China, in a 5-year-old plantation in the Loess Plateau area of Northwest Shanxi, China. Using the minirhizotron
technique. The minirhizotron tubes were installed at two horizontal distances (0 ¢m and 50 ¢m) from the plant stems in the
top 100—cm of soil. Based on the data sampled in the growing season (from April to September) of 2009, we analyzed the
spatial—temporal patterns of fine root length density ( RLD, mm/cm’) and fine root surface area density ( RAD, mm®/cm’)
in the plantation, and explored the relationships of RLD and RAD with the environment factors such as air temperature , soil
temperature, rainfall and soil water content. The results showed that (1) there were certain differences in both vertical
distribution patterns and seasonal change trends of fine roots between the two horizontal sites, and the obvious difference was
that the values of RLD in the upper 0—60cm soil layers at the Ocm horizontal site were greater than those at the 50 cm

horizontal site, and that the values of RLD ( RAD) measured in every month for the former were larger than those for the

EEWA YA BT H (2006031014)
Woim B H#A:2011-11-04; &1T B #1:2012-05-17
# W IRAER Corresponding author. E-mail; mbwang@ sxu. edu. cn

http ://www. ecologica. cn



17 ¥4 KL 25 YR AT AR AR RG2S (] 2 AR A2 B A 5485

latter. Therefore the RLD and RAD for the former (4.04 mm/cm’ and 4.67 mm’/cm’) were significantly larger than those
for the latter (3.07 mm/cm’ and 2.99 mm’/cm®). (2) As a whole (for the average of two horizontal sites) , the maximum
value of RLD (RAD) appeared in 40—350 cm soil layer while the minimum value in 60—70 cm soil layer in the 100 cm soil
profile. The RLD (RAD) showed a common seasonal trend with the peak value in the middle period of growing season. The
total averages of RLD and RAD of fine roots in the growing season were 3.55 mm/cm’ and 3. 83 mm’/cm’, respectively.
(3) For 0 c¢m horizontal site, 50 ¢cm horizontal site or the average of two horizontal sites (i. e. the plantation) , the seasonal
change course of RLD was significantly and positively related with air temperature and soil temperature, respectively. The
above results showed that the horizontal distribution of the fine roots of young Caragana korshinskii was characterized by
appearing mainly around the taproots, and the seasonal change trend of RLD was highly consistent with the change of
temperature factor. Although the correlation coefficients between the seasonal change courses of RLD ( RAD) and water
indices (rainfall and soil water content) were not significant, this did not imply that fine root growth was not affected by
water factor. Further research is required on the mechanisms of fine root dynamics in the annual growing season because of

the internal and external controls of fine root growth.

Key Words:; shrub; fine roots; root length density; minirhizotron; environmental factor

NATTEHE E AR <2 mm BARFRZ AN, AR SRAE PR SOK o0 SR o0 1) 23, R BT AR S RS
PRI P BAT AR 5 20 a of  REHOR B AR ANRAT I h ARSI Tz R . R A
B H AR BRI S S FATO5E, H AT TIRA, W05 S B AT R (Erica tetralix ) Flar 41 7 ( Calluna
vulgaris) "> /NSRS L ( Caragana microphylla) F13Eh#E (A, halodendron)'®" #EM (Salix gordejevii )" F7 4%
( Caragana korshinskii) " 23624 15 FhEA

¥4k ( Caragana korshinskii) J& T SRMBXS LS HY) , FE0A TRE I T 5T 52X 28+ 5 F i
DX e B EARHE AR TP 22— A7 2 B RAF I B XUV R LR AR K - D8 , [] ik SO P8 B (4 A TRl HAE ) 9%
U, AR RS MM Er " fEE I £ X, N TE SR S AR, Htn, {2 g€ BB
AR SN TARERRRNGE 2 TR, RHZ AP N TARHAAR A K SIS HEA TR 5T, AU B T8 7R A 4t AR X
IS DR rg i S AL [T ERE T SR PR ) 8 3 A A BRI R 22 2 5

H IR TUAR AR BIFTE 2 R R A5 2 X0 P b B8 DCORUAE I N Ty Sk Y AR Zh A 04T 1 08 F
G BRI AR SR AR B KRR SN 0 em A7 AP 50 em S F 22,100 em 0 A3 A
LA AR B 25 A A RA AR L, ARAR A 28 BE (RLD ) fe/IME R K AR 20 0t BRAE 4 A Fn 9 MY e T4k
55 AR S AR KT 43 A At Jmy J A5 A7 A 25 57 G it — 2P R0

ARWFFEETELL 2009 AEWLIECHE A HEAil , X2 X A8 7 2 AR 1 28 [8) S0 AT RRAE , JCHR K- Ak Jmy itE AT
3BT RS AR AR AR K- o3 AT R B AR 26 57, LU XS 7 2 AR S AR FRAE 1 TA TR
1 HRAE
11 R XD FR 4 1

IR X TR LY T8 EL IR PP AR (111°16. 296" E,38°58. 825" N, 4K 1448 m) , 1% X EAT iy K fili
PR, M EFE T RN, ERKm R, PR 478, 5 mm, 478 % i 1784. 4 mm 4P 157X
4.9 C, B2 HA (1) FHEEE-13.2 C 5 (7 ) PR 20.0 C 45 H ke s A G/ H
— e 9 Arhdy SFRTEFER 125 d, X R RRIRTEE 1, HHEIE IR,

TG FHARA AN TR SR alibk A T 32 60 TS , 3% 0—5°, MRAMIR T 2002 4ERKZ b bR, 3&Fh A7 2
m, TEARHLBEE 30 mx30 m FEM ARHLPUF LA 2 m k22 e 4, At [ e e, R N A 7 2% 11 473k 291
FR(A) 2007 AETFHIRRTS 128.4 om , 525 2.75 em, M5 34.3% .

http ; //www. ecologica. cn



B
i

5486 2 SO Eire 324

1.2 GRS

2006 4 10 H , ZEAEHLA0 25 mx25 m X3P, ZEFEARAT 0.50 em Ab 43 S BENLER & 2 7 55 2 BT 45
10 4, HA 0 em 5 50 em 4045 5 DNMHARE . 2B Johnson 2 l16] £\ o1 1 5 ¥ e R A (2 1 Bartz FEARA
Al) o WURAE (K 150 em,#ME 5.5 em, NFE 5.0 em) Y2255 1L RTAL 45° 1, 38 FLIRE 100 em, B H 3 TH 2
20 em, LAERTEICHRE B, R 87 1 Mo T e B — R R AT, W N E — 2 AR, MRS e 2
Jei , AN LR B BED (1 20 em) $48 HE 55 . 8 T HEBRI B EA RIS T B AR Y6y 45 4H AR X
DT, TR E AR Y FE MRS 1, R AR A5 ] R 1 AR R e
1.3 HRdE g

2009 43 H 31 HIFGRXTFr A AR A KR GCHEA T YA, 22 10 A 19 H L3647 T 8 YOI, 43 7 Wi
1K, RH BTC BUGREE R SGE (3 E Bartz FiARA /A7) A7 RAE LI & A 1.8 emx1. 4 em, B4R
EINEE 91—92 IEIEIF . FH RooTrack2. 0 A4 Xt FIrgR MR A 7 Ab#1 , AR AR B R AR | B S 4l
ST AR (S AR ) FIAEAR (2 €215 1 U LI 30 ) 934 2 B AR ) T AR IR AR B8 5 LI AE {37
i IBURERS ] AR 2 55 ST AR AR B 12

ARCLIHR A % B RLD (Root length density, mm /cm®) FIH 32 1 FL%5 BE RAD ( Root surface area density,
mm®/cm?) 2R EEAR SR

RLD=RL/A RAD=RA/A

T, RL(mm ) g 000 77 rFoUL i 21 A4 4 AR AR s RA (mm?® ) S LI 87 o080 3 (4 40 AR R T AR 5 A (em?® ) WL 7
R, H T A0 T X 4l Fr 45 AR BLAF 5 1 5307, T LA RLD 1 RAD J2 LU LI 3] 1) 36 AR A A
1.4 BT

G T 3R R A 3 K S I AR LI [R) R A T AR S A 7E B A ST WatchDog A%
i (SEE Spectrum 23R A ) ARHL, PR B B A G 5 20 6 km MR ZE R 40, HIEEE A TidbiT
v2 R EEIC A (52 [ Onset 23 A A7) M , 7 20,40 ,60 80,100 em -2 IR EE &2 H R EE H 3hid A 1
A BRI SR BRI 1 b Bt 5 IR B H V(A AR 8 H P (A SR AT 0L s B % 4 IR R (P
8) o KBTI SE 75 0—100 em &b, F5FF 10 em HZBURE, 4)2 2 ANRESY, B IR 3 ANRE A (43 31 HL
H 3 AMTHEER R E) | RIS )2 B - 55 1 A2 K i
1.5 it

K Excel Xof 20 AR Bt 7838, SR FH B DR 38 T 2 43 A 12 49 S0l KT AN [ 4 J2 R B FIAN (] 7K ST B 8 Ak 1
RLD .RAD 2% 5 Wb Wk SO Z 15 A4 0 25 55 10 SR AT 400, DA % DUNCAN 54T 2 8 LA, SR FHEC XS
t RN 0 F150 em PIZKSEA B /) RLD \RAD 2575 26 55 IR EIR S 22 5 5475081, SR Pearson AH2C R %
X} RLD \RAD 5 Wt | - 49800 B 0 - 8 5 /K R AR A R 7 Z (Rl G R AT 438 . SR A SPSS 17.0 4
AT I 2253 BRI A0 BT, 8 SigmaPlot 8. 0 #X{F4: 14
2 BER5H5H
2.1 AS[EIKSEA 5 0 AR I B A TN 215 sh 2
2.1.1  AR[RIKPA B AR I B A

B 1 TR A 2009 4FA: K ZE 40 E HIAKHE 0 em 150 em PN S5 4048 RLD 1 RAD ()T B4 A 1B TE

M T AT 7 0 em AP E b, 4500 E H IR %5 5 RLD B 5/ ME R EAE 60—70 em )2, B 8 A .9
AW KAE 1 BAE 10—20 em 250, KA T 0 5 KA I BFE 40—60 em )2, 7E 50 em ZKPL# |, RLD
1 fe/ IME H ITER)ZE (0—20 em) , S KB H BEAETRZE (80—100 em)

T 25 MR 7E 0 em K7 A5, 02 H 25 L2 B RLD 2R AR E (P>0.05) . HZTE 50 cm /K
SEAE 6.7 A6 90—100 em +JZ ) RLD {55 0—10 cm ,10—20 cm F120—30 em +JZ ) RLD {E1FAE & 2%
5(P<0.05) ;4 f16 H1r 80—90 cm + )25k 4.5.8 f19 H 1 90—100 em + /21 RLD {H5% 2 (0—20 cm)

http ; //www. ecologica. cn



17 ¥4 KL 25 YR AT AR AR RG2S (] 2 AR A2 B A 5487

JZ19 RLD (HAFAE B 522 5%

ME 1 A LIE M, TE 0 em AKPALE |, RIS RAD f/MEX I BLTE 60—70 em + )2 ; Hodge A
PRAE 40—50 em +JZ, WITE 50 em /K07 & b, RAD fie/MA H BEEZE (0—20 em) ; Hof KAH H B )2
(80—100 cm) ,

A% B Root length density (RLD)/(mm/cm?) FKH M Surface area density (R4D)/(mm?/cm?)
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 40 80 120160 200240280 40 80 120160 200 240280
N o S T sy e e VR
20 ﬁ_—.% 04-22 r— 05-19 20 B 04-22 i 05-19
30— —_—— 30 k= ==
(= N [(](J) == I— —
70 =—mm— _— 70 e
80 m——— —_— 80 = =
N _———" —_— 0 == —
100 ——— —_— 100 == =W
10 e 06-18  E=—— 07-28 10 06-18 o 07-28
20 e 20 o
30 m—m— o — 30 =y -
A —_— 40 &= =
g 50 g 50
S 60 L 60 i
< 70 === —_— < 70 g =
5 80 —— — 5 80 = =
< 90 —— B 90 == —_—
= 100 2 100 == —_—
v 10 m= 08-24 R 09-20 4y 10k, Tos24 | B "09-20 |
B2 B0k e
® 3 = ——_ K 30k =
K 40— — M 40 = -
+H 20 +H 30
60 = —— ——
70 = =" 70 b— =
80 ——t — 80 k= =
PRp=—————r — 0 = =
100 100 == =
neEe 10-19 0L 10-19
‘3‘8 —— 30
—
50 — (cm 45‘8 B — (Jom
) ——= 50cm 60 ==— | —= 50cm
70 =/ 70 =
80—t 80 =
9 ——— 0 =
100 ——— 100 ==

E1 2009 F£EKFEZNEREKTO0 cm #50 em BMILAFFARBRRKZENREAREENEES G
Fig.1 The vertical distributions of root length density and surface area density of fine roots of Caragana korshinskii at 0 cm and 50 cm

horizontal positions

T2 TR FE 0 em KA, 25D E H 45 )2 0] RAD (H22 3 AR B3 (P>0.05) . MMi7E 50 em /KA
A& A 80—90 em 12 RAD 5 £ )2 (0—20 em) T2 RAD (HHEEREES. 5 HE 10 H 90—
100 ecm /21 RAD {55 R 2 (0—20 em) 121 RAD (HIIFFAE B E 25, BRILZ /8,4 .5.6.7 A4 80—90
em )21 RAD H5 20—30 cm 1 )21 RAD {HINMFAE R 2 5:5.6.7 .8 A1 90—100 em -2/ RAD {55
20—30 cm 1214 RAD {HINETE L2 5

FLAE AR K4+ Z AR A SE X (E R UL (B 2) 7E 0 em KO A5, 4048 RLD {H 3 B i shs K, L 60—70
em T2 RLD {E /N ,50—60 cm +JZ ) RLD K, TE 50 em /K07 8, 40AR RLD {8 & B S AR X0
L 10—20 em /26 RLD {ti#i/]N,90—100 em +JZHY RLD {Hix K. 7E 0 em /KA 5, 41K RAD {1 Y3 11 )%
FRRERE R, L 60—70 em 121 RAD {EHc/)N ,40—50 em 121 RAD {HH K, 7E50 em KA 5, 404 RAD
I H I SINEN, L 10—20 em /20 RAD {E /)N ,90—100 cm 128 RAD (K.

H LA AT 0,0 em AR 55 A AR 2 B4 A I B KT 50 em K785, BT IR )Z (0—10 em) 4
WA D TIRZE (80—100 em) , HARZH L EMMAR G ARDTREZMZEZ TIHRZ, MiEEAERE
(0—10 cm) ZHAR 545 > FIRIZ (80—100 em) , HHAA FZ MMM MmN FREZARZZ [, LEW, A
KA S AR TR B A B Ef PR AL 2D R AR 2
2.1.2 AR S AR 25 33

K 3 BTN A HT S5 AR B 7K 5 10 A 287 440 RLD F RAD B9 Z=758h75

http ; //www. ecologica. cn



5488 A E = 324

MK RE RLD/(mm/cm?) KHFREEEE RAD/(mm?/cm?)
0o 1 2 3 4 5 6 7 0 2 4 6 8 10 12 14 16 18
0 T T T T T T 1 0 T T T T T T T T T 1
°

10 | x 10

20 | \ 20 -

30 30 F
£ =
Q Q
= 40 = 40r
|5y 5y o
] ]
Z 50 - Z 50 -
::d i
w60 - w60 -
H o +H

70 70 F

80 80

o \
o
—® — 50cm
L p—— Ocm+50cm \. %0
o)
100 L 100 L

2 2009 FEERSHRMFAANKTELAREFHMER A0 cm 150 em PILE (0 em+50 em) [RKBEMXARZENETT K
Fig.2 The vertical changes of root length density and surface area density of fine roots of Caragana korshinskii in the 100 cm soil profile

during the growing season of 2009
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Fig. 3 The seasonal dynamics of root length density and surface area density of fine roots of Caragana korshinskii in each layer of 100 cm

soil profile at 0 cm and 50 cm horizontal positions (from Apr. to Oct. in 2009)
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Fig.4 The seasonal dynamics of the averaged root length density and surface area density of fine roots of Caragana korshinskii in the 100

cm soil profile during the growing season of 2009

F1(3.066£0.241) mm/cm®, 33X P IKF-A7 s B 4l 8 A7 25 20 A RAD 43034 (4. 665 £0. 350) mm®/cm’ Al
(2.994+0.387) mm*/cm’,
BCXT B ¢ K30 R , W ZKF-A7 80 RLD B 22 (8] BAT A b 35 25 5 (P<0. 01) 5 & 1 RAD fHZ A 7R H

http ; //www. ecologica. cn



2
He

5490 H Eire 324

A E R (P<0.01),
2.2 bR AR IR ELA> A AN A

F7 4 ShAR b O AR T B0 A FIZE T SIS B0 0 em F1 50 em WA KA 5 BYSE-44 RLD A1) RAD 9 3E 1
FARZET I,

2.2.1  HybRH B AR I B A

MBS 0] LIE H,2009 A K 225 M0 H A 2 4IAR 0 2 B 53 A A% R RARAHAL, R RLD SE35{E /NI —
B IR ZE (80—-100 em) >H1)Z (40—60 cm) >3 )2 (20—40 cm) >3 )Z (60—80 ¢m) > JZ (0—20 cm)
R, MRHLANAR RLD ()3 B AR AR IR R BUNIR Z > 2> R Z>WIRES>RZE (K 2)

L5 TR AT DL RAD SE-2IE K /NI — 84 o 2 (40—60 em) >TRJZE (80—100 e¢m) > W {5 )2 (60—80
em) =~ WFEJZ(20—40 cm)>FEJZ(0—20 cm) , LL40—50 + )20 RAD sk, RITARHLANAR RAD 1436 B4 Hi
AREE S IRRIUA T2 SIRZ>WERZ =~ IRES>RIZ(E 2)

DL A Br B 4R RLD (TR LA S A0AR RAD (W TE B0 A6 Jey 0t AR AHE 2 4R RLD /)
TIR)Z LA RAD IR TRZE , BRE )2 TP ARE Y HR R TIHRZ . RUAMML 40—60 cm +)2
AT BE AR SR 53 R SR ) FE BB A

MK RLD/(mm/cm?) KW E RAD/ (mm? cm?)
2| 4 6 8 19 1.2 1|4 1§ 2 4 6 8 19 1'2 14 1§ 5 1‘0 1|5 2.0 2|5 39 }5 5 1|0 1'5 29 2§ 39 3.5

=— = in 2
20 =4 0422 BPF/——— 05-19 20 B— 04-22 = 05-19
—— ——— B =
40 —— — 40 BF— =
——— — e —
60 —————— — 60 ——— o
= I T e =
80 —=+—— ——— 80 =~ =
——— — —— ——
100 /73— — 108 —— ———
= = il n gl
0B 06-18 ——_— 07-28 20 s 06-18 | 07-28
———— e M— = B
40— — 40 =— e —
—— — ] I N
g 00— O \g 60 ——— —————
= [ S i S— = = H—
2 80 ——— ——— 2 80 —/7— =
.7 e ——] ° e ——
= 100 /3 —(—— = 100 =—=— ——
o —— — 3 O —
o 20 = 0824 E=— 09-20 20 [a— 08-24 5 09-20
% = e S B =
ﬁﬂﬂ 40— — 1k 40 =2— =
——— ——— — S — S —
H 60/ U H 60 =/— =
—— — = =
80 ———— e 80 = =
—— ———— — =
100 /———— —— T— 100 —=— — ]
— — 0 T ——
== 10-19 i
20— - 20 g— 10-19
= B
40— — 40 E—
— ) e
60 ———— 60 —=———
i I
80 —3—— 80 =~
—— -
100 ——=—— 100 =—

E5 2009 FEKFEENEBAAAITRAEREFARKEENEARTARETENEESH
Fig. 5 The vertical distributions of the averaged root length density and surface area density of fine roots of Caragana korshinskii for 0 cm

and 50 cm horizontal positions during the growing season of 2009
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Table 1 Pearson correlation coefficients between root length density, root surface area density of the fine roots of Caragana korshinskii seedlings

and air temperature, soil temperature, rainfall and soil water content
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