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

korshinskii plantation

SHI Jianwei', WANG Mengben' , CHEN Jianwen', CAO Jianting’
1 Institute of Loess Plateaw, Shanxi University, Taiyuan 030006, China
2 Garden Plant Protection Station of Taiyuan, Taiyuan 030001, China

Abstract: Fine root was a major organ of trees in absorbing water and nutrients. The growth and development of trees were
influenced by the spatial distribution of fine roots in soil. It is important and significant to know the spatial distribution
pattern of fine roots for evaluating the competition among tree species and understanding the utilization status of the available
resources belowground. In this study, we investigated the spatial distribution and seasonal dynamics of fine roots in a 30-
year old Caragana korshinskii with the minirhizotron technique in the Northwest Shanxi, which belongs to the Loess Plateau
region of China, during the growing season (from April to November) in 2007. The minirhizotron tubes were installed at
three horizontal distances (0 cm, 50 ¢cm and 100 ¢cm) from the plant stems within the 100 cm soil depth. The results
showed that (1) the average root length density (RLD) of Caragana korshinskii was 1.3423 mm/cm’ in the growth season.
RLD exhibited the trends of first increase then decrease in both horizontal and vertical directions. In horizontal direction,
the biggest value of RLD (1.5369 mm/cm®) appeared at 50 cm from the plant stems, but the smallest one (1. 1044 mm/
em’) emerged at 100 cm from the plant stems, and there was no significant differences in RLD among the three horizontal
sites (P> 0.05). In vertical direction, the value of RLD ranked as: 40 —60 cm >60 —80 cm >20 —40 ¢cm >0 —20 cm
>80 100 cm, and there was a significant difference in RLD among the five soil layers (P <0.05); (2) the monthly
average RLD within the 100 c¢m soil depth changed from 0. 4405 to 2. 1040 mm/cm’ in the growth season. The biggest RLD
was found in September, and the smallest one occurred in April. There also existed the trend of first increase then decrease
for the seasonal change of RLD in either each soil layer or each horizontal site, and their maximum values of RLD appeared

in the period from August to October, and the minimum values mostly presented in April or May. The season changes of
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RLD among different soil layers had significant differences (P < 0. 01), however, the season changes of RLD among
different horizontal distances manifested insignificance ( P > 0.05). Results from the analysis of simple and multiple
correlations indicated that there existed different correlations between RLD and each factor or multiple factors ( soil
temperature, moisture and nitrogen availability) at different soil layers and different horizontal distances. RLD might be
mainly influenced by soil moisture in 0 — 20cm soil layer, and impacted by soil temperature in 80 — 100cm soil layer.
However, in other soil layers, RLD could be synthetically affected by soil temperature, moisture and soil nitrogen
availability. It suggested that the change characteristics of spatial distribution and seasonal dynamics of fine roots in this C.
korshinskit plantation may be resulted from spatial and seasonal heterogeneities of the soil properties. However, more
observations should be conducted to test the effects of fungi and herbivorous insects on the fine roots because many

researches showed that fungi and herbivorous insects might also influence the growth of fine roots.
Key Words: fine root; spatial distribution; seasonal dynamics; Minirhizotron

AL ( HAE < 2 mm) SEMARNIBOK > FIFR I FZERF, HoAE 3 1923 (8] 4340 B MoK (1 2E
K LB A7 BAMAR 4R AR AR 25 R SRR B sh A a3 R il oy AR D, IR
MR GHAR 23 [ Z5 A 5 8 B8R PP AR X b T 9 U8R R R B8 R i WAL ) () b F 52 4 I B ZE N4, T TR
RFRMAE IR 22— H BTS2 4 T e AR 0 3 oA, T AR 7K SE- 43 A R g8 ok 22
LT BAT SRS BRI (AN KSR TRASHR RIRE & R G0 %) FbRBRAF g8, 10 N TSR AR 2K S 53 A
WFgEpR o7

YRR 0 A K e AR K T3 3 32 A AR S IR T A B2 ), DRI S i AR A B A ST RE R A F pnth & R A s ik, 4%
X TFAR 2R BK 3 RS WS BE ST 7 AR B JC Bk L T AR bR B A B Y B MBI R I, 4R
K a5 + eI b AR (AR S DI G R ) AR % B A T B0 L 25 S 5 OR ) 42
UGSV RE A 22 AT AR KO R AR 2R A28 1) 40 A Bk B AT 36 B A0 X — @ M4, Ko At
BRRIEZ —, HRTRFIMI TS 246 h e S 28 R 0 A AR 1) sh S s i b, st 2 R AL S
MR MR AR EANTT kS bt 25 SE M AR P A AR P A, SRR A8 S — AR IR P | AT DL B 2 A SR A 22 U Oui]
AR R R A A5 R A AR AR 2R A G R A 0T, AT W A0 AR 0 2 K Bh 3 IR T
G RPN Z5 B TR AR W AT

¥7:2% ( Caragana korshinskii) J& T SR LB RIS , 2040 TR EDL T T2 T RHbIX 25 + 55
XA FEEEME AR 2 — Frd A R AT R B RUE VD AR FE7K DB, R i SRR BTV AR e LA 4 ¢
IR, HA RS AESMATME, B Hib E3au i 2, mxt b T, I ABE 8 847 5%
( Caragana korshinskii ) NTHAAE TN 4 , LA Minirhizotron ( RS X A8 B8/ W 28 7 ) MIFTRF B s FEEHT
(1) 7 A8 AR KB 1 RV LR B2 (9 3 A1 R 5 (2) A7 A% AARAE AN il AP B 86 0+ SRR AL 1 20 B
H A 2l 5 AT SR AR B 25 (8] 0 A B HL 27T shaSHFE , R A0AR X AN [ A 3825 [R5 #5096 UR AR £k 18 i) 13z HIL
T 78 AL IERE GERE, [ st Ay 8 - e D DX %) N TP B8R R P A 4 13 o B B S AR
1 RS HEDR RN %
1.1 X5 A M i

I MR L PE S e H kR FEMRYS (111°46.296'E, 38°58. 825'N, 4K 1448 m) | J& i Kl M
WS, HEETREX, ZKNRETD, F RN 478, Smm, FRENER 50% LI EEFLET 8.9 A6,
SRR 4.1—5.5 °C, 5@ H (1 A0 FHRIE —13.2 ¢, A (7 A6) FHIREE 20.0 °C SF 0
125 d, X O E ERIRTEE L, BT,

TR MRS R 30 AEA AT 56 N TR LT R 50 B, W B 0—5°, MR T 1977 FFRKZRIEFI &4, 5%
HWORIERN ATHE 2 m , PEFR ML A —B0bkHE 1% B 30 m x 30 m AYREHL— B B Y E L 2m 1 ik 22 0 4

http ://www. ecologica. cn



728 tOE % IR 31 4%

P E R, 2007 AEFHIRK R 178.6 em FHTEIRR 1.2 m,
1.2 (AR s

2006 410 H , 7 [ FE XN, 7EFE 209 IRAE R 25 T /KO RE 254 0,50 ,100 em {3 B For 54523 1 A4
RRAS 4 NS SRS 12 4, S8 Johnson 251 A1 )5 i LB AR 45 ( 22 Bartz AR A A A
7)o R (K 150 em,FME 5.5 em, NFE 5.0 em) BYZE%E S HTATE 45° T VR 100 em , 2% 1 LT 43
2920 em , LALHPE TR B RS B 0 M TR o Se B — 2 R AT, T E i — 2R R, AR
EZE, FHANE AR EHNEE (55 20 om ) B4 O BHE,

1.3 HdmnyRg g

2007 4F- 4 H 10 H -5 SR AR A KRB HEA TR ML , SR FH BTC EUERAE R S8 ( 92 [H Bartz HARA
R A7) A TR AR I B T AR R 1.8 em x 1.4 em, B IAEL 91—92 IRIE R, M 2007 4E4 A 10 H IR R
2007 4F 11 A 15 H 1k, A 3—4 FIBGE 1, 000 9 ¥, A RooTrack2. 0 FcfE % Bk P& A7 AR R, LASR
AR B | AR SR AR TR A5 | IRTRE AL IURE R () R 4 A 2 5 22 37 240 AR 5040 P28 LA 7 (s 45040 43 A
TR A B KR 1 T2 B AS 14 S UL AR < 8 ) A8 Ak, DR R A 9 L Ao T XU i Py SO0 81 %) AR | BIAR K
% JE RLD( Root length density ) 1E A xE 545 .

1.4 BHEGEIRA SO AR A

K 53 A AR I 5 AR AR I R AT, R AR M BE AL 9 A mi UREIR 43 5 A 12
0—20 cm,20—40 c¢m,40—60 cm,60—80 cm,80—100 em, T4 E 7K & P T E 5 32 E B9 I E R
FHEAIG L 3 | - S A8 R I i FH 1 — 8 R L € 7% 5 3802 ) TidbiT v2 #2280 SR A (2 [ Onset
OSEI A ) A, 7E 20,40 .60 .80 ,100 em 2R BE A LA B H 0 s 1A, B A/ A il sk 1 Ik
L C I CIESE L S VN I EES 2
1.5 HdEar

iz Excel X AR OBt o0 I HEA T4 B, 4R 4 (8] 40 A R AE SR FH 2B 1 2 N R [ 4 B4 8 79 BT A U B
FERAE A 2ME . R 22 5 2253011 0 B X AS ] )2 TR BE AR TR K BE S AL Y RLD 25 57 3 35 1 S H 2
ARG 2 5 W RO 250081, LSD VAR T Z2 5 A, I R R Mk Tl A 3 ) 3 9 U ke 5 RLD FEIRIIA
IYHT . BAE AL BRI B ] SPSS13. 0 B AT
2 #R
2.1 AR B RN 2 R A AR S A 4R E

WFFE A | A KAy S AR ST AR B B 1. 3423 mm/em® , ELA3 IAE 7K - 13 175 1) b B B B
GIARERL, TEACEJr W) b P38 RLD 72 Ak bl 85 25 T 7K 7 FE 25 0 35 n 22 35 35 n 5 sl /0, B 25 Tk BE 25 50
em Ab A Ec 22 1.5369 mm/em’ , HCHEZE T /K FE S 0 em Ab 1. 3855 mm/em”, 525 7KFFE 2 100 em
A A B/ 11044 mm/em®, 7 2550120, Bk I 22 R AR 3 (P > 0.05) , 7ETE ELIRE I, F¥ RLD
R JZ IR IR R B IR WD r a3 45 122 RLD K/NF R :40—60 ¢m >60—80 cm >20—40 cm

>0—20 cm >80—100 cm, J7 2240 R M, 4 LJZA RLD 2R W3# (P < 0.05),

YR RLD FE7KF- 7 1a) R AR B b 23R I — 8 M40 A FRAE (18 1) o ZEKFO7 1) 1,5 A )2 IREEAL Y
RLD TEARRACFIE B R BUAFFFIE . 7E 0—20 em WEEAL  BEZE T /K IEES 50 em Ab 23 i Fx 22,100 em A 5%
/N,0 em AEJEH, 7E 20—40 em IREEAL RLD BV B G/ ;40—60 em +)Z24b RLD TEFEZE T /KF-HE
B9 50 em AN, MAE O em Ab23A /0 ,60—80 em +J2AL RLD B3 A IR I IE 15 40—60 em + 2404
RHEZE TR 0 em A3 i B 2,50 em AL 53 AR /b 1 80—100 em +J24L RLD ()53 i 25 0—20 cm
fb—BEE . TR IR R 3 ANKTFEE AL RLD B 4 J2 B 78 Ak F B [ B2 B2 1 25 S, 7EFE 22T K 7
PEES 0 cm Ab RLD )3 A1 e AU R | IEAE 4351 HE IR AE 20—40 em F160—80 em + )2 ; M 7EHHE 25 T /K EHE B 50
cm F1 100 em &Y RLD 4347 ¥4 R gAY 40—60 em + )20 % .

http ://www. ecologica. cn



3 1 S AT SRR Y S [ AR S B3 729

2.2 A[FZKFREE AL R IR AL AR 2= 1 B 2

35

1E0—100 em +ZEMN, A AR HEAE T 50) o Soem
K TR0 BT L 0. 4405—2. 1040 mm/em®, i 9 mé 25| S0 X
HRKHIE AR, T4 A R0 D Bie £ 2 20 |
WL RLD FATSEEMAE T AT ERWER A B2 s Wl
@BE(P> 0.05) Tk LRRES R E2S:  Fop o I BN Y
(P<0.01), Eois— §§ §§ §§ §§ §$

PR R AR e 3 Aok P akps oML VL KGR UL U
T RIURHIR WA (5% | FLAM IR LRSI Sofl depthem

BT ASRE (L 2)

7£0—20 em 1J2,0.100 cm KF-FEES AL RLD 5K
AR BLAE 8 H A4y, 4331 A (1. 5670 +0.8932) mm/cm’
(0.8729 +0.2792) mm/cm’, /MR BLAE 4 A 43, 55 J2 (0. 2189 = 0. 1771) mm/em® F1(0. 1968 =+
0.0122) mm/cm’, 1M 50 em Ab & KA &/ 43 50 BLAE 9 H 4y (1. 8027 0. 5757) mm/cm® 15 H 4}
(0. 8255 £0.0244) mm/cm’,iX 3 PNKFEFER A4 H O3 TE B E 25 (P> 0.05)

£ 20—40 em 1:J2,0.50 100 em 7KV 25 A0 (Y 5 Ko A AR G BRAE 9 H A, 73 A& (2. 8982 £ 1. 5697)
mm/cm’ (1.8041 £0.7719) mm/cm” ,(1.5836 +1.2531) mm/cm®, F/NrAi¥I1E 4 A4y, 235915 (0. 0746 +
0. 0068) mm/cm” (0.6261 +0.0018) mm/cm® . (0.2260 +0.0785) mm/cm”, 4 H 3 H I B FH EHF (P >
0.05),

M7E 40—60 cm 12,0 em A FHEE AL 10 A 352 (2. 4605 0. 9636) mm/cm’, 4 H {73/ (0.2917 +
0.1997) mm/cm’, H 4 .5 A3F110 11 A ,7 AR 10 A G RILEFAE B E 25 (P < 0.05) ;50 cm 1100 cm
TR BE B b B R AR B BRAE 9 H 43435 J (4. 4895 +£1.9016) mm/cm” F1(3.3056 +1.8637) mm/cm?, i 50
cm 1100 cm 5 B &b Fe/IME W 23 9 HERAE 5 H 443 (0. 3458 0. 0015) mm/cm” 14 A {5 (0. 1250 +0. 0889)
mm/cm’ , HIX A 7KF-FE B b4 H A R e E 2 7 (P> 0.05)

£ 60—80 cm +J3,0.,50 100 cm 7K FFE B AFIEAE 9 A i 2, 43 3l (3. 0569 +2.0903) mm/cm’,
(3.1087 £1.7753) mm/cm®, (4. 1617 +3.7234) mm/cm’, 1fij S0cm AbH/NMEAE 7 H 43 (0. 1459 +0. 0681)
mm/cm? ,0cm Fl 100em ZEER7E 4 A4 (0.4627 £0.1538) mm/cm?® F1(0. 3644 £0.3104) mm/cm’ , 7EiXSEH B
b4 AR R EZEF (P> 0.05),

£ 80—100 em 2,50 em K VHE B AL 22 BB, e 276 10 A 43 (2. 0318 £0.7365) mm/cm’, /D FE 7
H47(0.3368 £0.2299) mm/cm’®, H 7 AFI10 H 11 A G EAFEREZES (P < 0.05),11 0 cm 1100 cm &b
T RAEABIE 7 A4 (1.0035 +0.8759) mm/cm’® F18 HH3(0.7831 +0.4183) mm/cm’, Fe/IMESHITE 4 H 45
(0.6905 +0.4293) mm/cm’ F15 A43(0.2899 +0.1158) mm/cm’, H45 A HEI LR FH 2% (P >0.05),

MR ST S5 AT B, FE N [R] 2K - B B AN (] A J2 R 3 Ah 20 AR % 1) 0 RS AE 8—10 A oy ] I8
B, it/ MEWSTE 4—5 A Oy,

3 iTig
3.1 ZHARZS ()5 A AR

MR AE LI (%) 3 A 32 - S AL 2E R YRR R 25 G52 i R AR 3R 0 o3 A R A AR 2 I ER B A
FALREFRLE IR L A SRR S [ A R AE B RS , B AT RPZEE . (1) K07 [0 AR B 7 1) | RLD 4y
90 it 725 25 KT B R SRR B A BN (2) KPR L 1) B AR S 25T KT BE R A 12
TR AR N B G /N ) AR SIS BAR S R B A — B, B AR KB 70% L b EEAE
TR R 20—80 cm, FEZE T /K FFE RS 50 em MG I, BEARKR R AT B 20 A 22D AR 1R 7K AL

E1 @ARKEEZESHEE
Fig. 1 Root length density in space distribution
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Fig. 2 Seasonal dynamics of root length density at different soil depths and horizontal distance
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Table 1 Simple and Multiple Correlation coefficients of fine root RLD with soil temperature, soil water, soil nitrogen availability at different

soil depth and different horizontal distance in Caragana korshinskii plantation

T+ 2R Ocm 7K 0E 55 50cm K E 100cm 7K BB
Deepth soil Ocm at horizontal distance 50cm at horizontal distance 100cm at horizontal distance
/cm R, Ry Ry Rycwaen R, Ry Ry Rycwan R, Ry Ry Rycwaen
0—20 0.131 0.184 -0.038 0.295 -0.051 -0.008 -0.248 0.310 0.448 0.555 0.286 0.628
20—40 0.330 0.370 0.182  0.447 -0.196 -0.142 -0.572 0.603 0.126 0.206 -0.271 0.542
40—60 -0.057 0.564 -0.403 0.678 -0.09 0.472 -0.535 0.708 0.137 0.583 -0.441 0.796
60—80 0.298 0.656 -0.294 0.688 -0.147 0.433 -0.617 0.649 -0.014 0.461 -0.555 0.637
80—100 0.610 0.180 0.289  0.648 0.023 0.493 -0.361 0.533 0.849** 0.614 0.410 0.983 "

Ry Ry . RN RLD 5 38R K5 B RE IR N Ry, yFERYIR RLD 5 38K 43 | 4358300 B AR AT 2R B A0 G
(%*P<0.05; % *P<0.01)
ER  ABIEFE A A T BB LA 5T A PR RS (1) LT i T R - S A sh ) s S e AT AR A
KFEHNED, KSR | AR BRI T KAR R A, FRICIR R A0 TR ok M s ke
AR IR, L BE R AR A K (B IR T A0 AR 43 A 4 B At T RS RIS 27 T D e A 0 ) 2 A 3 4
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