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A comparative study of fine-root standing crop in different-aged Caragana

korshinskii plantations

CHEN Jianwen " , SHI Jianwei, WANG Mengben
Institute of Loess Plateaw, Shanxi University, Taiyuan 030006, China

Abstract: Fine roots ( diameter, <2 mm) play an important role in global biogeochemical cycle. They are the core linkage
for material and energy exchange between plants and soil. Elucidation of the distribution of fine-root standing crop ( SC)
could improve our understanding of fine root growth pattern and thus guide vegetation construction. In this study, we used
the minirhizotron technique to determine the fine-root SC of young (5 years) and mature (30 years) Caragana korshinskii
plantations in situ in the northwest Shanxi Province. We compared the temporal and spatial patterns of fine-root SC between
the young and mature plantations on the basis of observational data collected during 2008—2011. Responses of fine-root SC
to environmental factors ( precipitation, soil temperature, and soil moisture) were also analyzed. The following results were
obtained ;

(1) In the 0—100cm soil profile, maximum fine-root SC in both the plantations occurred below the depth of 50 cm.
However, most active depths for fine roots in mature and young plantations were not consistent. Fine-root SC in mature
plantations were the highest in 50—60cm soil depth, whereas they were the highest in 90—100cm soil depth from March
2008 to September 2010 and in 80—90cm depth from October 2010 to October 2011 for the younger plantations. The
vertical pattern was a single peak curve for the mature plantations in the 0—100cm soil profile, but not for the younger
plantations. This pattern was mainly affected by soil moisture. Fine roots of young plantations were more sensitive to soil
moisture than those of mature plantations.

(2) During 2008—2011, relatively high fine-root SC was observed in March and April. Fine-root SC in the 0—30cm
soil layer exhibited similar seasonal pattern as precipitation. However, in the 30—100cm soil layer, seasonal pattern of fine-

root SC was similar to temperature variations. In the 30—100cm soil layer, the occurrence of maximum fine-root SC in
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young plantations was earlier than that in mature plantations. In September and October, fine-root SC in young plantations
decreased faster than that in mature plantations. From June 2009 to the end of the observation, fine-root SC of mature
plantations was higher than that in young plantations. The difference among mean annual fine-root SC was mainly affected by
interannual precipitation variation, whereas seasonal dynamics within the calendar year were mainly driven by temperature.

(3) In the 80—100cm soil layer, the soil moisture was higher in young plantations than in mature ones. The soil
temperature in young plantations increased faster than that in mature ones at the beginning and decreased faster in young
plantations at the end of the growing season.

In summary, fine roots of C. korshinskii were mainly distributed below 50cm soil depth. Fine roots of young plantations
were distributed at a deeper depth than those of the mature ones. This vertical pattern was mainly affected by soil moisture.
The occurrence of maximum SC in young plantations was earlier than that in mature plantations. Such seasonal changes of
fine-root SC were controlled by soil temperature. Compared to the fine roots of mature plantations, those in young plantations

were more easily affected by environmental factors such as precipitation, soil moisture, and soil temperature.

Key Words: Fine root; Standing crop; Caragana korshinskii; Environmental factors
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ARG, WHRE O EEAE 3 A ) 10 H B H 647, PO A 22 26 7 2 — e Fa e A 3, A58 A3 Hr 2008—
2011 4FEXM 25K . RooTracker (Duke University, Durham, NC) AR 2 43 H7 B4 X BT R AR 1) E B 047 8088 2
W, BREC R Kern et al. (2004) (73520 58 T4 —OWIM FATT H 2% & = AR A AUIRAS . (1) B4R, (2)
SOREEENARBT AR, (3) THARIAR . HA SR RATAHIZIRAE T, TRl & A5 2 1
B A B Ay it %) AR AR R | i AAS B 5 L) S A6 T ARV Ry AR B 37 ke 1 o A AR A7 £ ( Standing
Crop, SC) .
1.2.3 RS

R | LIRS DA K -8 K o3 S IO A8 AR UL [+ 20 047 o R R HTBEAE 3 6 ke A9 S0 UL TN 3 5090
1 0—100 cm if;i%%ﬂﬁ, 20 cm T2 WRE L — AR E 1T (HOBO TidbiT v2 Temp logger, Onset Computer
Corporation, USA) jeisg -8R AL, - 338K 3 Bl R ML T3 . R U AR LI Bsf, 7 T A b PN 25 B B 3 A+
BEK AT HURE S BN EURE LA 20 em R RIBAZE 0—100 em - JZ R BE BUREIN 22 + 38K 4 (45 )2 T AR A
FE3 7)o
1.3 HEits
131 RSHEOTHRE

H AR B i DL AT

SC =RL/A

HAr, SC (mm/em®) AL &, RL (Root Length, mm) WL 2] 40 AR , A (Area, em™) I E]i%
AR % 7 ) UL 77 T R

A BE AR A 1 UL AT PN 28 H AR IRAE B SRR Yok R
132 HERHT

IR EE LUAR SR PRI OCANAR LI H Ry B, THEE2 N ] BV {8 5 e e da BUA P OULIY =2 [ Y SR B 5 1 03¢
IG5 DU LA e H A A DAy s OO I X 17 14 - 387K 2

X TAAE 3 H B AAR ISR UL, 28 Olesinski et al. (2012) ByALFRI7 =20 78 3 H 40 E w45 8 — A
B S A B AR AR R e L, JF LIS TR) s 380 3 7 43 B9 2 H S —4> LI &1 380 5 A G 18 #1858 DR 5t LA 4R )
2o HIR B ORI H A 1B IHR
1.4 it

FHERZR 7 22500 L) e Duncan —BUHEFAEAG 500 U BOMR 73 A AN [6) 46 B2 AN [6) 22745 A ] - E I 4iAR SC 2
)28 5 . FIMSEAEAS « K30k LU RS AR 3 AR SC Z B 22 5% . Pearson AHOCKT SR AR SC SR H T2
] AAHSCHE . PIrA B o3 BT EA T 7 22 5% U HEAS 36, 2407 22 A8 SR I 0 008 R AT 0 BG4 LA /R SE T HIR X
GET A FE A SPSS17.0,,

2 HREHS

2.1 YIRBFEEE SR
2.1.1 B 4IAR B T B A
& 1. & 2 775 ,2009 4E 7 H F] 2010 4E 9 A ShARAHHR SC f KAl HFRAE 90—100 em 12, 1fij 2010 4F

http ; //www.ecologica.cn



4 A E = 36 %

10 H—HF] 2011 250 SRR SC HH LT 80—90 em - JZIREE . MM 2009 4F 7 H FIHe A W8

25 0—20 em T2 0HR SC HAIK;
B:/PES Ty

Standing crop/(mm/cm?)
5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

T 1 T T T 1
2009-03 E 2010-03

214
=B E
3

(=}

10
20
30
40
50
60
70
80
90
100

T T 1 T 1
2008-03 2011-03

10
20
30
40
50
60
70
80
90
100

[ %]
(=3
(=3
®
(=
g

10
20
30
40
50
60
70
80
90
100

10 -y T
20 -
30 |—
40 [m———
50  |—
60 [mm—
70 [—
80 [mmm——
-l
-1
. —
pr————
[—_

T T
2008-05

TEEE
Soil depth/cm

T 1 T T T 1 T T T 1
2009-05 2010-05 E; 2011-05
i e W |
% -

T T 1 T T T 1 T T T 1 5'| T T T 1
2008-06 2009-06 2010-06 2011-06
;" =
=
p——l

90
100

10
20
30
40
50
60
70

=
=
80
==
100
B 1 2008—2011 £ 3 A2 7 AFREHRERRARAEFE(SC) EENH

Fig.1 The vertical distribution of fine root Standing Crop (SC) in young and mature Caragana korshinskii plantations during March to

July from 2008 to 2011
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Fig.2 The vertical distribution of fine root Standing Crop (SC) in young and mature Caragana korshinskii plantations during August to

October from 2008 to 2011
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Fig.3 Vertical (up) and seasonal changes ( down) of fine root standing crop (SC) in young and mature Caragana korshinskii plantations

from 2008 to 2011

RN, I KA SC LT 50 em H2UAF, M2 ME K AIR SC # AR, 2008 4, B
MRAAAR SC ALFE 50—70 em )2 TR, 1Mi 2009 4F KL SC 75 40—80 cm + )2 T4hAK, 3 2011 4E0L
MEER | RARAAR SC 75 0—100 em A T2 R T4k,

FEAFBEIKF-,2008 AELAARAIAR SC 45 )2 1] 22 R 8.3 (p>0.05) ,2009—2011 4 22 554 B 3 (p<0.01) 5
JARANAR SC 45 1 J2 R FE BT LI AR 24 5 X940 5.3 (p<0.01)

2.2 MR FET S
221 HTEHMRIAFARFTIHE

PIMRHBAIARL SC B ZE T E LRI A —FEARRE (181 4) o 2hibkith 0—30 em 240 SC 7E 2009 4E4F4E
TR, M 40—100 em )2 A0HE SC 7EA LI AF A 2 B0 Hh B0 mOBLIE 114 A= Kl 2, 2009 4F S5 R (H S BRAE 5—7
A4y, HAb 0y B AE 7—8 Ay, ik 0—10 em HZ2 IR SC 7F 2009 4EARfL R Z, 76 E KRB 4 4>
YR SC AR RAE ; 10—100 em )2 71,2009 4F MRS I 21 5 A AIAR SC A A T) 5 A AR A A i, 2494 9—
10 A4, HARAEG W 8—9 H AR,

LIRS BUARAIAR SC =580 5 — A K BRAERAE AR ZER (10 H) |, S ARAIAR SC 38 A XA TR
2009 AN+ )2 40AR SC I/D R TAEAIAR SC AYHRAE ,2010—2011 45 0—50 cm +JZ 4R SC /b3 T &4
A s AR ANAR SC /0 WA XS A48 . AR HBAIAR SC ARl 2 b 2, RZ 8+ )20 404 SC e K29
(3—4 H) R —@E mE K XD BIZAE 2011 5N (K 4) .

http ; //www.ecologica.cn



13 1 WRASC A AR AR FY 2R AR BT it LU AR 7

10—20cm

EPES
Standing crop/(mm/cm?)

2008-02

2008-07 |-
2008-12 |-
2009-05 -
2009-10 |-
2010-03 -
2010-08 |-
2011-01
2011-06 |-
2011-11 |
2012-04 L
2008-07 [~
2008-12 [~
2009-05 [~
2009-10 [
2010-03 [~
2010-08 [~
2011-01 [
2011-06 [~
2011-11 [~
2012-04 =

H A Date

El4 2008 £ 3 AZ 2011 F 10 A4 SR RE L BARAFE (SC) THHE
Fig.4 Seasonal changes of fine root standing crop (SC) in young and mature Caragana korshinskii plantations from March to October

during 2008—2011
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Table 1 The monthly precipitation from March to October during 2008—2011 ( mm)

Efy 3H 4H 5H 6 H 7H 8 H 9H 10 A &it Al

Year March April May June July August  September  October Total Types
2008 3.4 58.9 28.5 63.6 75.5 95.5 72.2 100.7 498.3 i 5 4F
2009 0.0 10.5 15.9 22.0 82.0 125.3 95.0 6.7 357.4 i AR
2010 0.0 21.3 46.1 19.4 116.4 119.0 116.2 22.9 461.3 EHAE
2011 1.2 6.3 61.6 52.9 104.4 68.8 96.9 29.9 422.0 IEH AR
50 FFFH 3.5 21.1 35.7 64.1 107.0 107.6 59.7 27.0 425.8

Mean of 50 years
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2008 AT ARYIMRANAR SC 1Y 2= A8 A0 5 BT 1 3 AHOC (p<0.05) |, 5 - B BE A il 25 4H DG (p<0.01) 51
HABAE B, A ARAIAR SC (LT 2009 4F- 5 M i i E A OC (p<0.05) o BUARANAR SC 72 T A A4 L3 5 + 18
T I 25 FH O (p<0.05) ,2008—2009 455 4 RN 1 ik & AH DG (p<0.05) . PIMHBARAR SC 35 187K 53R & 30 ik
FRK(FE2)

3 e

YA Y B A XF K AT T, Hoor A 32 - 3850 i oK 20 R 5 22 FE R 2 ARk AR
BEGH AR FEA0A T HIERIZ P 0 R B AR b, 6 T AR RBFIE &K L, Fr 4R
R KM FBAALT 10—100 em 27 HIRAREE(2009) XSH4IARANIR SC BT FE 48t 2y S5 4iAR 19
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Fig.5 The seasonal changes of soil temperature in different soil layer during 2008—2011
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Fig.6 The seasonal changes of soil moisture in different soil layer during 2008—2011
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Table 2 Correlations of fine root standing crop with environment factors in young and mature Caragana korshinskii plantations

EHy b Vix FA R it/ mm TR/ (C) 13K 53/ %
Year Plantation pricipitation Soil temperature Soil water content
2008 itk 0.755* 0.958 ** -0.491
R 0.831" 0.825* -0.105
2009 ik 0.122 -0.077 -0.412
JRR 0.709 " 0.788 * 0.486
2010 ik 0.707* 0.55 -0.145
%N 0.809 * 0.911** -0.128
2011 #irk 0.431 0.518 -0.674
B 0.538 0.768 * -0.483

#*p<0.05, * = p<0.01
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