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The net growth rate of fine roots of Caragana korshinskii seedlings in the Loess

Plateau region, Northwest Shanxi
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Abstract: The fine root growth patterns of Caragana korshinskii in a 5-year old plantation in the Loess Plateau region of
Northwest Shanxi were investigated by using minirhizotron technique. By defining root length density (RLD, mm-cm ) as

3

basic fine root parameter, and net root length density (RLD,,, mm-cm ) and net root growth rate ( RLD,.;, mm-cm >

net
d™") as derived parameters, the RLD g of C. korshinskii seedlings and its relationships with the environmental factors (air
temperature, precipitation, soil temperature and soil water content) in the growth season of 2007 were analyzed. The results

showed that the averaged RLD, was (2.923 +1.767)mm+cm ~ ;and the averaged RLD,, was (0.113 £0.069) mm-cm >-d .

et
The 50— 100cm soil layers were the primary growth zone of the fine roots, where the averaged RLD ., was 1.5 times that of
0 — 50cm soil layers. There existed a distinctive seasonal change pattern of RLD.; from April to September, and it
increased rapidly from early April to early August and reached a peak in the middle of August, and then decreased
gradually, and became negative in late September. The seasonal growth pattern of fine roots in C. korshinskii seedlings was

significantly and positively related to air temperature. The cumulative RLD, was 14.613mm+cm > in the annual growing

season, and the cumulative net productivity was 1.4613 x 10°m hm " in the same period.

Key Words: fine root; Caragana korshinskii; root length density; minirhizotron; environmental factor; the Loess

Plateau region
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Fig.1 The vertical change patterns of net root growth rate( RLD .y ) of Caragana korshinskii seedlings from April to September in 2007
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Fig.2 The vertical change patterns of averaged net fine root growth rate ( RLDycg ) of C. korshinskii seedlings and the related soil

temperature and soil water content in the 100cm soil profile in the growing season of 2007
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Fig.3 The seasonal dynamics of net fine root growth rate ( RLDyy ) of C. korshinskii seedlings at each soil layer in 100cm soil

profile in the plantation of C. korshinskii
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Fig.4 The seasonal dynamics of averaged net fine root growth rate( RLD .y ) of C. korshinskii seedlings, temperature, precipitation, soil

temperature and soil water content in 2007

KRTE (B 4) F 41 RLD o BH Ay 7 4 H 10 HZE8 12 H RLD, o BWiHk,7 27 HE
8 412 H RLDyou SEHRA (0. 179 £0. 125mm-om ~d 1) , ZJGZHIBUI, 7L K TR RLD o MIAE .
Zh (5 A THE S A o) G KR, RLD o 8275 , 4 MUMEZ A BE 2R (P>0.05) (B2,
3 AIRIIME 54K B RLD o A K ZEAR Y RLD o MIBA BEE R (P <0.05)
2.4 JIAREHE KB (RLD o) I TR

2007 44 K ZR RS RS b R BUR I ) _E SR AR (B 4) , RBIMEK R Y 437. 9mm, 7 FHi4E

http ://www. ecologica. cn



1122 g & ¥ ik 30 &

IR K & (419. 4mm) o BEKBZTRMRF RN 4 HET A B, G20 BBk (8 4) .

TIRRERZEHRAELESRKBOER (B 4) o 4 RKZ K 13507 2910 B B -2 2 i AR (&
2b),

TIESKE4 A 10 HEO A S HAWM, WE SR THE(E4) , FAERENTIEFHESKEHELE
IRB R (B 2¢) o RIZ LK MHEBANE,

HAR TR, A7 2R ) RLD oy SR Z T BN EBEF EMRK KR (r=0.944, P <0.05) , HEIHE
HF5 RLD o FIFHR A B3 (P >0.05) .

2.5 FPARUIMRE A IIAGE

7E2007 £ 4 A2 9 ASHATT 7 WEFSMLIN, 3848 6 1 RLD, 8, o & Ja —> RLD, AT fE . KEHlT S
A~ RLD,, fERF-35 , P HIFT 2 AR 9745 RLD, (2. 923 £1.767 ) mm-cm ™, $4ixX 5 AMESR AL, BI AT 45 57
SRR AR T B (R ) A KR 14, 61mm-em ™,

AR E AT 25 2 ABAIAR I A IR AE 0—100em )2, AREMR KA K ZT R (IRK) K E, [
DAHSE AT SR AAR B AR K 28 B (REKC) £ 7= 01 1. 461 x 10°m-hm ™2
3 g

VLB RN, ARE R EEFR M TR LB BhAPI R — SR AR EE A8
RATHEEMRE T BAR BN, EE H R R, AR R EEHET 10—100em +25 7
VX, /N335 JL( Caragana microphylla) (R REFTE 0—100em + 27 | F LR AT /MEREH
£ 10—80em + 2, ABFFEERH ,50—100em [+ 2 RAEF AR ERKIERK . 4R EEAKTX—
TIEVEH, AT BB S Y T SRR AR T 3 3R B MK A R E AR K . AP AR R FER R Z L RAR
ZWR MREE BT 0—50em )2 KK 7r& B — BB (K 2¢) , T T FbhiE BRI IR LZ 4RI
B BRLL R R A KB R LB AAR A KB T EEERNE, SRR B RTAE /N
BEE A AT SR AIARTE L2 P M A TG BR XA AT RE ] T B XM AE RIEIRX BB S — 2 T BT
TR JBE Qe U i R s — 25 R

HTE—EREZ A, L2, R B REUR BT BT B s R85 , KRR AL Bk A 8] 75 A
Wi, B, A KZEFH MEYIRRERKESFRKRAEFHRB A LT TFAEEH. NSFEHR
RLD o B KB AR TR L2 BT TR B T L=

FEERZFEY, kL RARGEEREHAAER RN RS TRLZ, TRRRTRESELEME, &
T2 ok S B —BEUR, T REHa B IR LR RS YIS S BN, MY AR AR B SR
BRo

HAAR I ZET R KT R A SKEIERE HFF AR R FaphF g ) x 3
5 K AR R R E " A K. BT KA 2 R A R R T LU AR R K 4RI R TR
IR T A P W ik 2 26 2 B R, A TR IR R AR R R o ARBFSE A AT AR AR RLD o 1Y) RMA T T 25 1L
RS BIERY | 2 FR f IRRE K, RO AIMR RLD oy 5F TR E BEFRIEMKRR (E 4) .

FEKAB B L Z S5 A XY - EEA . MRKBALE(UHBRLZ) ARG AHRAR. i
Z,2007 FEERZFRKP IR . BrARK A LK 0 57 2 40MR RLD o IZE19 I ER 22, S BRI DI E 5
EEREREARE (EH LRETRERRERERNIZ SRS LK BEARETNRR)

ARSI B SR AIAR A R E B (0. 1125 £0.0692) mm-om > d ' S EAE %) R FABMAR BB 5E
132175 HAAFIK A0 9 AR A= 4 H %4351 0. 0255 mmeem ™ d ™ 1 0. 0385 mm -+ em - d ™ (AR FSCRRHERY
g 5ASCHH A DOF EEHTHE) o TR AR EAR B AR L A KRB R, B AT AT AR AR AR K
R B TR AAFIK AN . AR AR A R BB, T RER f T (1) A7 4 A A B, R 03&E B T 7 3
5, BAB R MARARE T ; (2) WIAER KRR B S T —RER, A F TR HRARK,

http ://www. ecologica. cn



58 FEA % . BHEIE RGBT RARAGERKER 1123

F AR 2 BE 5 4 N A P B B B AR S ), 3 Wy (A LT 6 SR A 3 A
B MR KOV EE M . BT DOF BLO. 20m , 3 7] A 5 5K bR —E MR 2 , AR 25 A AR
B BATRUE . X 13RI AR A W) 55 R X7 SR AR AE R RO i M AIAR R e IR e A T

References :

[1] Vogt KA, Grier C C, Vogt D J. Production, turnover, and nutrient dynamics of above and below ground detritus of world forests. Advances in
Ecological Research, 1986, 15.303-377.

[2] Zhang X Q, Wu K H, Murach D. A review of methods for fine-root production and turnover of trees. Acta Ecologica Sinica, 2000, 20(5) :
815-883.

[ 3] Santantonio D, Grace J C. Estimating fine root production and turnover from biomass and decomposition data: a compartment flow model. Candian
Journal of Forest Research, 1987, 17:900-908.

[4] Gordon W S, Jackson R B. Nutrient concentrations in fine roots. Ecology, 2000, 81(1) :275-280.

[5] Ruess RW, Cleve KV, Yarie J, Viereck L A. Contributions of fine root production and turnover to the carbon and nitrogen cycling in taiga forests
of the Alaskan interior. Candian Journal of Forest Research, 1996, 26:1326 -1336.

[ 6] Liedgens M, Richner W. Relation between maize ( Zea mays L. ) Leaf area and root density observed with minirhizotrons. European Journal of
Agronomy, 2001, 15:131-141.

[ 7] Taylor HM, Upchurch D R, McMichael B L. Application and limitation of rhizotron and minirhizotrons for root studies. Plant and Soil, 1990,
129:29-35.

[ 8] Majdi H. Root sampling methods-applications and limitations of minirhizotron technique. Plant and Soil, 1996, 185:255-258.

[9] Kage H, Kochler M, Stutzel H. Root growth and dry matter partitioning of cauliflower under drought stress conditions; measurement and
stimulation. European Journal of Agronomy, 2004, 20:379-394.

[10] Niu X W. Study on Caragana in Chinese-species distribution and description. Acta Botanica Boreali-Occidentalia Sinica, 1999, 19(5) :107-133.

[11] Jia L. Research progress of Caragana. Plant Research, 2001, 21(4) :515-518.

[12] Li X R, ZhangJ G, Liu L C, Chen H S, Shi Q H. Plant diversity in the process of succession of artificial vegetation types and environment in an
arid desert region of China. Chinese Journal of Plant Ecology, 2000, 24:257-261.

[13] LiP, Zhao Z, Li Z B. Vertical root distribution characters of Robinia pseudoscia on the Loess Plateau in China. Journal of Forestry Research,
2004, 15 (4) .87-92.

[14] ZhangZ S, Li X R, Zhang J G,Wang X P, Zhao J L, Chen Y W. Root growth dynamics of Caragana Korshinkii using Minirhizotrons. Chinese
Journal of Plant Ecology, 2006, 30(3) :457-464.

[15] Johnson M G, Tingey D T, Philips D L, Storm M J. Advancing fine root research with minirhizotrons. Environmental and Experimental Botany,
2001, 45:263-289.

[16] Craine J, Tremmel D. Improvements to the minirhizotron system. Bulletin of the Ecological Society of America, 1995, 76:234-235.

[17] Hendrick R L, Pregitzer K S. The demography of fine roots in a northern hardwood forest. Ecology, 1992, 73:1094-1104.

[18] Smit A L, Bengough A G, Engels C, Van N M, Pellerin S, Van de Geijn S C. Root methods: A handbook. Berlin: Springer-Verlag, 2000.

[19] Bai W M, Cheng W X, Li L. H. Applications of minirhizotron techniques to root ecology research. Acta Ecologica Sinica, 2005, 25(11):
3076-3081.

[20] ShiJW, YuSQ, YuLZ, Han Y Z, Wang Z Q, Guo D L. Application of minirhizotron in fine root studies. Chinese Journal of Applied Ecology,
2006, 17(4) :715-719.

[21] LiJY, Wang M B, Shi ] W. Minirhizotron technique in measuring fine root indices: A review. Chinese Journal of Ecology, 2007, 26 (11) ;1842-
1848.

[22] Taylor HM, Huck M G, Klepper B, Lund Z F. Measurement of soil-grown roots in a rhizotron. Agronomy Journal, 1970, 62 :807-809.

[23] Sanders J L, Brown D A. A new fiber optic technique for measuring root growth of soybeans under field conditions. Agronomy Journal, 1978, 70
1073-1076.

[24] Itoh S. In situ measurement of rooting density by micro-rhizotrons. Soil Science and Plant Nutrition, 1985, 361:59-61.

[25] Steele SJ, Gower ST, Vogel ] G, Norman J M. Root mass, net primary production and tumnover in aspen, jack pine and black spruce forests in
Saskatchewan and Manitoba, Canada. Tree Physiology, 1997, 17.577-587.

[26] Fahey T J, Hughes ] W, Pu M. Root decomposition and nutrient flux following whole tree harvest of northern hardwood forest. Forest Science,
1988, 34(3) :744-768.

http ://www. ecologica. cn



1124 B ¥ R 30 %

[27]

[28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]
[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

Li L H, Lin P, Xing X R. Fine root biomass and production of Castanopsis eyrei forests in Wuyi Mountains. Chinese Journal of Applied Ecology,
1998,9(4) :337-340.

Yang LY, Li W H. Fine root distribution and turnover in a broad-leaved and Korean pine climax forest of the Changbai Mountain in China. Journal
of Beijing Forestry University, 2005, 27(2) :1-5.

Shi J W, Wang Z Q, Yu S Q, Quan X K, Sun Y, Jia S X, Mei L. Estimating fine root production, mortality and turnover with Minirhizotrons in
Larix Gmelinii and Fraxinus Mandshurica plantations. Chinese Journal of Plant Ecology, 2007, 31(2) :333-342.

Jonsson I, Fidjeland L, Maghembe J A. The vertical distribution of fine roots of five tree species and maize in Morogoro. Agricultural Systems,
1988, 6:63-69.

Dhyani S K, Narain P, Singh R K. Studies on root distribution of five multipurpose tree species in Doon Valley, India. Agroforestry Systems,
1990, 12:149-161.

Toky O P, Bisht R P. Observations on the rooting pattern of some agroforestry trees in an arid region of north- western India. Agroforestry Systems,
1992, 18:245-263.

Niu X W. Study on the Biological Characteristics of Caragana korshinskii. Acta Agriculturae Boreali- Sinica,1998, 13(4) :122-129.

Alamusa, Jiang D M, Pei T F. Relationship between root system distribution and soil moisture of artificial Caragana microphylla vegetation in sandy
land. Journal of Soil and Water Conservation, 2003, 17(3) :78-81.

Persson H. The distribution and productivity of fine roots in Boreal forests. Plant and Soil, 1983, 71.87-101.

Joslin J D, Henderson G S. Organic matter and nutrients associated with fine root turnover in a white oak stand. Forest Science, 1987, 33:
330-346.

Burke M K, Raynal D J. Fine root growth phenology, production, and turnover in a northern hardwood forest ecosystems. Plant and Soil, 1994,
162:135-146.

Rytter R M, Hansson A C. Seasonal amount, growth and depth distribution of fine roots in an irrigated and fertilized Salix viminalis L. plantation.
Biomass and Bioenergy, 1996, 11 (2) ;:129-137.

Harris W F, Kinerson R S, Edwards N T. Comparison of belowground biomass in natural deciduous forests and loblolly pine plantations.
Pedobiologia, 1977, 17.369-381.

Teskey R O, Hinckley T M. Influence of temperature and water potential on root growth of white oak. Physiologia Plantarum, 1981, 52 :363-369.
Pregitzer K S, Zak D R, Maziasz J, Deforest J, Curtis P S, Lussenhop J. Interactive effects of atmospheric CO, and soil-N availability on fine roots
of populus tremuloides. Ecology Applications, 2000, 10.18-33.

ML, Wang Z Q, Cheng Y H, Han Y Z, Zhang Z W. The relationship between soil available nitrogen and fine root distribution of Larix gmelinii and
Fraxinus mandshurica plantations. Journal of Huazhong Agricultural University, 2008, 27(1) :117-121.

Eissenstat D M, Yanai R D. The ecology of root life-span. Advances in Ecological Research, 1997, 27:1-60.

S E 3k

(2]
(10]
(11]
[12]

[14]
[19]
[20]
[21]
[27]
(28]
[29]

[33]
[34]
[42]

TK/ANAE  SRATLL, Murach D. REARGIMRAE = 5 R B9 07 EE 73R AE 74525441 ,2000, 20(5) :875-883.

PGF. P E ARG LB Y SRR - A KA R PEALAEYIAAR , 1999, 19(5) :107-133.

BIWH. AP AWgT kR, HIIBTESY 2001, 21(4) :515-518.

AR, TREOG, XIS, BRI, A M. RE TR B X T S PR 5 i AR R A ) 2 B B 9T F A 2523, 2000, 24
257-261.

SRR 2T AR, IO, THE, B4, MM, A minithizotrons MIUFE M 2 A KB A, MM 2447 ,2006 , 30(3) :457-464.
FISCHT , FRUE S , 2R AR B B e AR ZR S b R . AR 75241 , 2005, 25(11) :3076-3081.

S, TSR, FoLE, B, EBOAL, KL MRS FEARRATSE B N B AR A4, 2006,17 (4) :715-719.

R, EEA, S E. N AR I E AR bR TR AR AR 2007, 26(11) :1842-1848.

RV PRING  TRES 2. B R LI FRE ARG AR A AN A BT o FAE 524, 1998 , 9(4) :337-340.

By, 25 3. 4 L G W LD AA PR ARG A SO %% RIS JEmtpkll %2441 , 2005, 27(2) :1-5.

S, BB, TR, 2562, IV, BUIE, M. V& i AARK B0 ARG AR A K SE T R AR R AR 2SR, 2007, 31(2)
333-342.

HPGAF. R AR WA AR AT, ARb R4, 1998,13(4) :122-129.

PURIA R , B, FekBR. Yoib A T NS08 ) LA SR 2R 00 A 5 £ K43 C RIS /K LR Fp231R ,2003, 17(3) .78-81.

M, EBUX, B, EHAE, a3 KA A g o R L SEA AR R . ARl K244 ,2008, 27(1) :117-121.

http ://www. ecologica. cn



	05A01.pdf
	05A02.pdf
	05A03.pdf
	05A04.pdf
	05A05.pdf
	05A06.pdf
	05A07.pdf
	05A08.pdf

