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Fine root lifespan and influencing factors of four tree species with different

life forms
YU Shuigiang* , WANG Jingbo, HAO Qianwei, WANG Weifeng, WANG Qi, ZHAN Longfei

Jiangsu Key Laboratory of Forestry Ecological Engineering,College of Biology and the Environment ,Nanjing Forestry University, Nanjing 210037, China

Abstract ; In this study, four tree species with different life forms (evergreen broad-leaved, coniferous species, deciduous
broad-leaved, and coniferous species) were used as the experimental materials. The growth dynamics of fine roots were
observed by minirhizotron method. We compared differences in the root lifespan for tree species with different life forms
within and between species, and also explored the main factors affecting the lifespan of fine roots. The study would help us
to understand carbon and nutrient cycling processes in forest ecosystems. The results showed that; (1) fine root
morphological characteristics ( branched structure and root diameter) significantly affected the lifespan of fine roots within
the species. The fine root lifespan with the lower branching order and the smaller diameter was shorter than that of the
higher-order roots and the coarser roots. (2) The root lifespan showed obvious soil layer effect and the seasonal effect, that
is, with the increase of soil depth, the cumulative survival rate of fine roots gradually increased and the root lifespan was
prolonged ; while the lifespan pattern of fine roots born in different seasons was inconsistent among tree species. The lifespan
of the fine roots born in spring or summer was longer than that born in autumn and winter. (3) The fine roots lifespan of
evergreen trees ( Lithocarpus glaber and Cryptomeria fortunei) was longer than that of deciduous trees ( Quercus acutissima
and Taxodium ascendens). The fine root lifespan of conifers trees was longer than that of broadleal species. Generally,

within the tree species, the fine root lifespan is significantly affected by factors such as fine root diameter, root branching
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structure, and soil environmental factors ( soil layer). However, between tree species, fine root lifespan may be more
dependent on the differences in functional traits of trees as a whole, such as tree growth rate, carbohydrate distribution

patterns.
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ARARLAML (AR <2 mm) AR S R GEH T 3 0 S U B AL 03, J2 1 4R AR AS R G R T 3R 43 A%
IR FER bR ZS R ek ERUKAG IR R R AR EAE A R MORAIAR A 2B it H s b AR R R
Wy AR/ N HE A (— AN 5% ), AH Hy T 20 AR A5 v 1) 3 AR AR 0 1 S DRt Jo] e (AR 338 SET A a fift adk
), PEHEMAES RGEAFEREN 1/3 FF R 95 7= & (NPP, Net Primary Production ) SEER RS s
B R B 2 S R G T B OR ] 2R AL T R AR B A R 1 S R T 41 AR A
i, X B2 A [ B AR R A 25 2 S (A0 i o

ANAR 5 i 2 AR SR 5 i) N ZERILR] , I TR J e 1 R AR 1 20 BC 3 3 i RN 3R 20 O B . AR T i i
THRZEMRAE 5%—10% A8 LA R EHIH A7 1 (NPP) (TR 224 KT 10%9—20% "), R ZEB RS
Hh R R P ] 94 7 7 ( BNPP |, Belowground Net Primary Productivity ) ik 1 i 35843 0] 9 A 7= )
( ANPP, Aboveground Net Primary Productivity) "' AIAR A v Al 11 A9 AE -5 755 1425 i B 3 AT 0} i b A 25
RGN R ARG FE TR, AUAR A K T BE R A ) A B 5t A5 R AE AR KR K 15 A LR 45 1 22 TR AT 1) 4
R, 2 Z R R A, MARIE A (AR MR ) Sr ik 0F (S50 MK Ay ) R RS pESE 7 IR 2203
X ] — A8 b A A AR R I A B, /N AR B AR S 9 (R AR ) YA, LA R AR KA L8R Z Y AR 75
AECIEL, A A AN [ 21 R AR AR AR LT i 22 S 5K, T RE S /K A S W O AL AH O, 7EAS [ 4
Fil 1) Y 5 A AN — B 7101 DRIST i R AR e P 22 | AR A5 i U AE ZE R IR) 25 57 4 MeCormack
SFUOINFALDE 12 PR AR RIS R BN, AR A i AR S AR, 2 R AT R AR [ R AR A B AR REARRAE (G K
HR KM SR ) AR A DD RE M IRAH G o (H2 , i T AbR T AR S R G 2 20k, JUHE AR R AFFE A M
FE FRATH AT ICEAS 2 S R 4518 . ARHFST L 4 B (6] A= 15 TR (7% 55 0 S s b At ot R i
B S BIFTERT G T 5 O A HORAG T AR A5 i, PRI 52 e 0 AR 75 iy 1) R R S M R I LU Ry i — 2B 058
BB RGO ST E I R 2%

1 MRF*E

1.1 BRIt

T Hb S A TR Bkl KA AR (32°07'—32°09'N, 118°80" —119°82'E) |, J& b I T 2 XU A& X, U
Z0y W K ST, YCRER IR T L AE IR A 15.7°C  fe A SEAIRE 28.1°C , i ASEYRE-2.1°C, 4F
SPYRERT 117 d, BERN i 1106.5 mm, S KOV BIMRHE 819% % | #F b+ HESS R Ay B hi 19 | HBLA Y 3URIE 22 P AF
k1,
1.2 PRI

ARSZE RN 35 AE MU (1 RER ( Quercus acutissima , 7§ W& 1) A7 8K ( Lithocarpus glaber , # ZR R M) A2
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Table 1 Soil physical and chemical characteristics of four stands

FF Species P .. . itk . i @M‘Z .
Quercus acutissima Lithocarpus glaber Taxodium ascendens Cryptomeria fortunei

+HEZTE Soil bulk density/ (g/cm®) 1.18+0.05 1.25+0.04 1.19+0.05 1.23+0.04

pH 5.87+0.02 5.72+0.03 6.34+0.03 6.23+0.02

F LB Soil organic carbon/( g/kg) 17.10+0.45 16.50+0.87 21.40+1.15 18.10+1.21

7S A Nitrate nitrogen/ ( mg/kg) 5.88+0.15 6.15+0.12 5.85+0.20 6.14+0.18

B 254 Ammonium nitrogen/ ( mg/kg) 20.63+0.28 19.89+0.37 24.57+0.29 21.88+0.22

4% Total nitrogen/ (g/kg) 1.23+0.50 1.32+0.31 1.82£0.22 1.54+0.23

45T Total phosphorus/ (g/kg) 0.61+0.06 0.64+0.07 0.75+0.07 0.63+0.09

F2 MOARHRARERFE
Table 2 Traits of tree and fine roots

R Fh JRAR AR Wiz Witz
Species Quercus acutissima Lithocarpus glaber Taxodium ascendens Cryptomeria fortunei
AR H A% Root diameter/mm 0.42+0.08a 0.38+0.03a 0.64+0.06h 0.56+0.05b
MR AR K SRL, Special root length/ (m/g) 71.22+6.19a 77.63+6.84a 31.63+4.87b 36.25+4.77h
iwfégzﬁ:?:ﬁiﬁil carbohydrate, ( mg/) 148.32+6.42h 125.46+5.50a 126.25+6.24a 184.19+3.57¢
AR A & B Total N content/ ( mg/g) 12.33+0.81b 12.80+0.69b 21.78+0.92¢ 9.42+0.65a
Jf§#% DBH, Diameter at breast height/cm 20.60+1.1b 17.90+1.3a 24.50+1.5¢ 17.80+0.9a
SEEIM L Mean height of tree/m 13.20£0.9a 10.20+0.5h 13.80+0.5a 9.90+0.3b

HAR B AR RN AR A 28 1T = SR I AR R AR (14 - 248 ; A0AR S 25 H M B RS & S i = GO R0 i (AR T3 18 R TR 2B 3% 4
BB Z ] 1) 22 57 B 25 M (P<0.05)
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F Ry A3 S HA AR T R AR R A SRS AR ORI [P S0 30 % TR S0 3, IUHT Vo S DR AT IO R i
FHZEIB A /N TE VAR R ) 3 Joks M 24t , HeHi Pregizter IR P32k B AR R AT 09, AT
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Fig.1 Survivorship of fine roots in different orders and diameters for four tree species
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Fig.2 Survivorship of fine roots in different seasons and soil depths for four tree species

F3 MARFYRE BRI E RA Cox LB XUEE B3 5 47
Table 3 Results of Cox proportional hazards regression analysis for influencing factors of root lifespan for four tree species

ZHufhit iz

df parameter Standard ( C\:iiiﬁe) P ﬁ;ﬁ%ﬂii
estimate error( SE)
Z(0—15 em fEAZ
;Ei)l;d(e(f))lh((s):l!if for;?e)ference) 2 155.867 <0.001
15—30 cm 1 -0.308 0.040 60.278 <0.001 0.735
30—45 cm 1 -0.571 0.049 137.223 <0.001 0.565
B o
i::ai?:fn{if ?:ji)ference ) 2 25.856 <0.001
#Z Spring 1 0.040 0.048 0.693 0.405 1.041
#Z Autumn 1 -0.240 0.050 22.839 <0.001 0.787
E 4% Root diameter 1 -2.193 0.078 780.611 <0.001 0.112
HRFF Root order 1 -0.693 0.055 156.000 <0.001 0.500
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Fig.3 Survivorship of the overall fine roots for four tree species
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