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Fine Root Biomass and Its Morphological Characteristics of Picea asperata
along an Elevation Gradient of Gonggang Mountains

SU Yu, WU Shilei, HE Wei, ZHANG Wei, YAN Wuxian"
(Sichuan Academy of Forestry, Chengdu 610000, China)

Abstract: Altitude change is the gradient effect of multi-environmental factors. The fine root is an impor-
tant organ for plants to absorb water and nutrients, and its characteristics are of great significance in indi-
cating plant growth and distribution. In this study, the fine roots of spruce (Picea asperata) in the Gong-
gang Mountains at 2 500—3 300 m were taken as the research object. We used the root order classification
method to determine the biomass and fine root morphology (average diameter, specific root length, root
length density, specific surface area) of spruce to clarify the response of fine root biomass and morphologi-
cal characters of spruce to altitude changes and the tradeoff between fine root functions. The purpose of
this study is to provide a basis for explaining the structure and functional characteristics of a forest ecosys-
tem. The results showed that: (1) the fine root biomass of spruce at different elevations increased with
the increase of root order, and the biomass of 0—10 cm soil layer was significantly higher than that of 10—
20 c¢m soil layer. (2) At different elevations and different soil layers, the diameter of 1—5 fine roots in-

creased with the increase of root order, and the specific root length, root length density, and specific sur-
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face area decreased with the increase of root order. (3) Altitude had extremely significant effects on specif-

ic root length, root length density, and specific surface area, and among fine root traits, diameter had an

extremely significant negative correlation with specific root length, root length density, and specific sur-

face area, while had a significant positive correlation with biomass. The study shows that the effects of soil

depth and spruce root order on diameter, specific root length, root length density, specific surface area,

and biomass are not consistent, that is, there is heterogeneity in the response of root functional traits to

environmental conditions.

Key words: Picea asperata; altitude; fine root; biomass; morphology characteristics
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Table 1 Sample plot of Picea asperata plantation

FE 1 {5373 e b 3 A I a4z I A ARR HE 2 R R
No. of Elevation Soil Geographical ~ Height DBH Canopy Main species of shrub and
sample /m category coordinate /m /cm density herb layer under forest
o b . 103°41'5"E, B M4 i PO I 2 & FE RS B Rubus coreanus s
5 5 . X
1 2500 FR4 Brown soil 33°31'42"N 22.7 27.0 0.9 Lonicera szechuanica ; Thalictrum aquilegifolium
o . 103°37'21"E, B4 e U I 2 A& SRR R, coreanus; L.
z 2900 #4 Brown soil 33°27'13"N 17.0 24.0 0.8 szechuanica ; Urtica fissa
3 3300 I A 103°33'35"E, 71 5 0.6 Bt A O v m IS L R, coreanus
Dark brown soil 33°21'28"N : ' Hippophae rhamnoides; Spiraea rosthornii




140 (LA <7/ B

42 %

B 47 @I 0~10 cm,10~20 cm + 3R B 1
W&, 7ELER/NOSHERR, BRI R
T TR R AR AR AU R R B AR K B
EnE RS 1) =0 NV Rl IR ol i N
H 7 em MARELTE A AL SR R 0~10 em 10~
20 cm 3,7 A SC R E

2.3 TEHARRE

[ R Ml PR B - HERE S L e RO T B AL
BRI 9 AN I B 3 A SRR S AF LU BITIR A .
AN S BE LR AR 6 SRR L B IE 30 M REAL . BREAR
Bl Ak AR R AAL , R BRI I W 2 A
KA 0~10 ecm Wy 13,

2.4 REESME

FEILH N L S AR R 2R 18 KR M — g 1 ]
AR R R b R S AR R i IR L
ZRIB KR R AR 28 2 10 B 5 0 2% DR R 20 AR 1) 5
FPE AR (2~4 C) 258 F K Y 35 55 1L
H. HH Fitter BM 2R 50 G w44 7 150 % 4R 43 2%
T A A e 8 v T AT A S AR S 1 AR L 1 A
AT 2 T .2 FARET 3 FAR AKX 5
B 5 A . X T TR PR LA 5 S
SR 1 GRS AR B B A A A
1.2.3.4.5 GANMR . S 52 48 1 4 AR AR B[] B 14 O
AT E .

W 03 s #5455 20K TR) 45 2 40 AR B ] Epson $X
FAL A # 1Y (Expression 10000 XL 110) H#i,
WinRHIZO (Pro 2004b) # 5 EI 1% 43 ¥ 2 48 8 14 %t
AR AT EUS HEAT 2 i AT S HE AR .

2.5 RREEYWENE
W50 G 1 R TR ASE O [R]AR e 4 AR B i 43 591 42

FEIFARic R AE 65 CHET B, A 5.
2.6 IEHRIE

WK% RLD(cm -
+ AR (em®)

EARE SRL(m» g ") = BRK(m)/THE (g

Fb% i L SAR (em® » g ') = 4 AR 55 i R
(em®)/FTHE ()

AW (kg « m ?) = T (kg) /A H R AL
(m*)
2.7 HIEBHSH

XoF 200 KR 45 T3 B 4 HR R A0 AR 1) ) L A AT BRL TR
27 22301 Cone-way ANOVA) , 5 A [\ 5 3 7]
A L EAE 1~5 FR PRI AER . H SPSS
20. 0 GRS G 5 T .

3 R0

3.1 AEBEZCHARESERTH

EARFE R FAEMAF EZE T 1~5 9a
R L AR A 22 30 1 Bl 5 A A b T 5 o 7 A5 A e 3
(F2, HP 1 2HMMWERE /DT 1 mm,4.5 %
WREKT 1 mm, BRAEREFMT IS BMELE S
TE 3 AL . X T A [A] A 5 1) 4 A 6 A 3R 9 Ok Ak T
3 300 m MEHRAL 1Y B AR B /N, AL T 2 900 m iR
W E AR K, 0~10 cm + 2 M1 10~20 cm + )2
AR ELAR )T S R

AN F R SRR TR 22 T 242 4048 AR
KAEARFAR 7 2 18] 22 4k J A A AL (L 1), B B & AR
JPH) BTN BE . AR AT 2 A2 4R AR K
BAEER  HF 3300 m iR T 0~10cm +JEF 1
FWM MWK R K (G2.37+4.56 m» g ) BEE

em *) = BREK (cm)/

%2 FRABEEVARERRNRF LNTFHERETY

Table 2 Vertical distribution of average fine root diameter of different elevation gradients among soil layers/mm

#F Root order

34k =
Elevation iE
/m Soil layer 1 i 2 P 3 AR 4 G 5
First-order root Second-order root Third-order root Fourth-order root Fifth-order root
0~10 cm 0.49540. 004a 0.76140.011a 0. 96540. 005a 1.049-+0. 000a 1.516+£0. 004a
2 500
10~20 cm 0.50140.009a 0.74140.003a 0.85740.008a 1.302+0.001a 1.668+0.007a
0~10 cm 0.55240.011a 0.71840.008a 1.341+0.001a 1.394+0.005a 1.793+0.007a
2 900
10~20 cm 0.56840.005a 0.74640.002a 1.049-+0. 008a 1.634+0. 005a 2.23540.001a
0~10 cm 0.38640.009a 0.74640.000a 1.275+0. 006a 1.495+0. 006a 2.270=£0.003a
3 300
10~20 cm 0.39440.012a 0.53040.013a 0.66940. 005a 1.014+£0. 000a 1.869+0. 005a

VAN R 7 — I R ) 2 2 5 3 (P < 0,05)

Note: The different lowercase letters represent significant differences (P < 0. 05) among different soil layers at the same altitude treatment
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Fig. 1 Specific root length (SRL) for branching orders of
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P. asperata plantation
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Table 3 Vertical distribution of fine root biomass of different elevation gradients among soil layers/(kg + m™ %)

# ¥ Root order

MFK B
Elevation j:;
/m Soil layer 1 AR 2 P 3 AR 4 G 5 R
’ First-order root Second-order root Third-order root Fourth-order root Fifth-order root
0~10 cm 0.14640.021aE 0.23240.011aD 0.33540.016aC 0.52240.010aB 0.62240.014aA
2 500
10~20 cm 0.00340. 000bE 0.006=40. 000bD 0.014=40.000bC 0.02540. 000bB 0.03040. 000bA
0~10 cm 0.12240.003aD 0.15740. 008aD 0.32940.012aC 0.455+0. 045aB 0.57140.056aA
2 900
10~20 cm 0.00840. 000bE 0.02640.000bD 0. 04040, 000bC 0.04540. 000bB 0.05140. 000bA
0~10 cm 0.10440. 005aD 0.13840. 014aD 0.23440.041aC 0.35540.026aB 0.44240.053aA
3 300
10~20 cm 0.00840. 000bE 0. 03340. 000bD 0.057=40.000bC 0.06740. 000bB 0.07140. 000bA

AN NG R R [ — I RN 2R ] 22 5 B3 (P << 0.05) . AFKREFEREFR R —iF K — - 2457 1 22 5 B3 (P < 0.05)
Note: The different lowercase letters represent significant differences (P <Z 0. 05) among different soil layers at the same altitude treat-
ments. The different capital letters represent significant differences (P < 0. 05) among different root orders in the same soil layer at the same

altitude
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R4 AREESHIEERSEVEANEXRY

Table 4 Correlation coefficients between morphological characteristics of fine roots and biomass

H#E AR R % e m A A
D SRL RLD SAR Root biomass
HZD 1. 000 —0.590 " —0.811" —0.773" 0.419"
LA SRL 1. 000 0.911" 0.949 ™ —0.250
A% RLD 1. 000 0.979" —0.251
IR H R SAR 1.000 —0.292
T Fll o S I3RIRTE 0,05 A1 0. 01 ZKF (UMD - 8k 35 4 ¢
Note: * . Significant correlation at 0. 05 level (bilateral). *x . Significant correlation at 0. 01 level (bilateral)

x5 BE IBRENEZURKBRKEFE XAV EVENFIL
Table 5 Effects of elevation and soil depth on fine-root diameter (D), root length density (RLD),

specific root length (SRL), specific root surface area (SRA) and fine-root biomass

B df H*%E AR MR % B L‘lﬁi"%ﬁﬁ% EL Vb
D SRL RLD SAR Root biomass
g Elevation/m 2 0. 069 0.000" 0.000" 0.000" 0.585
+ )2 Soil layer 1 0. 381 0.000 " 0.000™ 0.000™ 0.000™
¥ Root order 4 0.000™ 0.000" 0.000" 0.000™ 0.001"

* P<20.05, *x P<C0.01
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