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Forest biomass and its influencing factors in Qinghai Province

TANG Litao, ZI Hongbiao, HU Lei, ADE Luji, WANG Changting "
Institute of Qinghai-tibetan Plateaw, Southwest Minzu University, Chengdu 610041, China

Abstract: Fine roots are the main organs that plants use to absorb water and nutrients. In the context of global warming, it
is of great significance to study the biomass of fine roots and the environmental factors affecting carbon balance, carbon
budget, and contribution rate of the ecosystem. In this study, the soil drilling method and indoor analysis were used to
determine the fine root biomass and soil physical and chemical properties of 5 species in forest system on 6 elevations in
Qinghai Province. The relationships between fine root biomass and environmental factors were further analyzed. The results
showed that: (1) In Qinghai Province, the average of the total fine root biomass was 8.50 t/hm’ in 0—40 cm soil depth.
With the altitude increase along the gradient, fine root biomass decreased first and then increased. There were significant
differences in the biomass of fine roots among different altitudes (P<0.05), and the highest peak of fine root biomass
appeared at 2100—2400 m. (2) The total fine root biomass of 5 forest species in the 0—40 c¢m depth was as follows:
Betula platyphylla < Populus tomentosa < Picea asperata < Sabina chinensis < Populus davidiana. There were no significant
differences in biomass of fine roots among different stands. (3) Fine root biomass decreased with the soil depth, and 70% of
the fine roots were concentrated in 0—20 cm soil layer. (4) Soil bulk density in the 20—40 cm soil layer was significantly
greater than that in the 0—20 cm soil layer (P<0.05). It increased with the altitude, and there were substantial differences

among the 5 forest species. (5) The contents of total carbon (TC) , total nitrogen (TN) and total phosphorus (TP) in the

EETB BB s e TR T35 X5 AE b BRI S A UE S A 6 (R 8E” ( XDA05050207 ) 5 141148 & s AfF & 551 H (2018520333 ) 5 H1
WAL IEARHIR L 55 3% 005 4 (2018NZD13) 5 P5 B R K205 A= < QT BURHIFI H " 3 2005 H (CX2018SZ111)

75 B H#5:2018-03-27; ¥ £& tH kit B 81 :2018-00- 00

# IAMEH Corresponding author. E-mail; wangct@ swun.edu.cn or wangct6@ 163.com

http ://www.ecologica.cn



2 S % 39 &

surface soils (0—20 ¢cm) were significantly higher than those in the deeper soils (20—40 cm). TC and TN increased first
and then decreased, while TP decreased with the altitude gradient. The differences in soil nutrients between different forest
species were obvious. (6) SEM analysis showed that the fine root biomass was significantly correlated with altitude, soil
layer, and bulk density, and the biomass of fine roots directly affected soil nutrients. The forest species affected the fine root
biomass indirectly. Therefore, the plant species and elevation affected the biomass and spatial distribution of fine roots by

influencing the soil micro-environment.
Key Words: Qinghai Province; fine root biomass; elevation gradient; forest species; soil physical and chemical properties
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TR EANEI ) FNAERF AL A I
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PR 0k PR O T B 2H T o8 o M AT XS T W AR ST I i S 9 5 T 22, A0 . 5 1 =42 5 HAR S i) 2 4%
PRI R ZAZ T 25 FRAE TS (HG SE 75 V48 AR D 4R A= 9 8 K SHL S g DR 56 1 AP 9 4
Bz, BICARSGER A2 A R 1045 ( Populus davidiana ) F1 4% ( Populus tomentosa ) 5 F M43 2E R Sk fiff
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PMAS R G AL LS R R IR L, iz IX AR AR 2 R e v Rl R 548 B (LS mh B )
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1.1 AT XA

T 1A T T 8 R AR B 3 (31°39/—39°19 N, 89°35'—103°4'E ), & ¥ i) K VT 1 1 VL1 & T 4
TR RV 2 1200 km, FFIL 82 800 km, FHb I ALY 72.1x10" km*, HeA AR AL 11.2x10%hm”, 54
BB 15.6% , AFERAFENHMCH 32, HoR Z 4 7RI 2000—4000 m X3, M 2%, S ds, )&
IR 2 TR Bl A AF 4 - 3.7—6.0°C |, 4F H ] 2340—3550 h, 4E &K 16.7—776.1 mm ( KF#43 400
mm LR AEZE % B 1118.4—3536.2 mm( KH4> 1500 mm L 1)1
1.2 Rk
1.2.1 AR E S AR () R AR b 3

AMFFERFC H FEI 2 Bt W 1 S R B I (e % 000 ), 2 B AR 35 AR 0 [k IR | SR ML s ) 0
B G — BRI A I AR IR 23 A R, FE A0 R A A AR R (A A ) 43 A TR
BRE RIFESE, A2 21 NE () A E EERM AR ERE L 80 A4, W4 R 2175—3852 m, LA
EIEE 300 m 40k 6 NEEIE (R 1) BEAFEHBBENLE B 3 B 50 mx20 m TR ARETy , £HE 07 TAIEE R T 100 m,
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IR, ARABAR B SME S R HAR <2 mm MAARREAIAR . Y a i AIARFRE , 5 20 5% A

Y48 16 85°C A P ML IEFRE
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TR BRI AR AR A I 5 I - A A
HEF 53 TC TN TP &, R EKR A E—IMn
I A8 TC & i DU AR I 48 TN 5 4
BREAPL L A E 4 TP i,
1.3 Hduaba

FHZ W & J7 2253 Hr (Multi-way ANOVA) K556 +
JEFNEGIR | 42 BRAR Y DA B RR 53 128 AR FH X 40
HRA= W 1 52 ) 5 LK 2 7 22 99 T ( One-way ANOVA)
96 AN )T HR B0 AR A ) i 1 25 S ISR O 25
FrPE SR LSD ki AT 2 5 b, #5022 M AE SR,
H Tamhane's 2 #5472 8 HL 5 F) H Pearson AH5¢ 453
Mrifgdk )2 R E | SR SARAE Y R 2 R
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Table 1 Sample distribution at different altitudes

TR IS W FEAKL AL
Altitude Number of Total number
. Forest type

gradient/m samples of samples
=tz 12

2100—2400 16
¥ 4
I 11
&7 3

2400—2700 b 2 22
B A1 1
=k 5
ey 53
e 14

2700—3000 72
S 7] 2
4 3
=tz 1

3000—3300 i 1 2
=k 31

3300—3600 B 12 43
=tz 14

3600—3900 i 1 25

ARSI ZT 1 180 A PEA B
A, B AR E R a=0.05, LA EAM T8 SPSS 10.0 Gt 858 i, FIH AMOS 17.0 H gt 4nks A4
Yyt 5 IR EE T 1 S5 4 7 FRRR R 33 ] Excel 2010 #0152 BUBIE 03 T2 R IR 2420
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Fig.1 Sampling point map of Qinghai Province

http ; //www.ecologica.cn



4 JAE = 39 %

2 ERES

2.1 4RAYEn R AR
2.1.1  AN[EEHRAS R AR A ) AR 4k

)2 R R AE BAE I T A AR AR AR Y AT 0 (P<0.05) (R 2) 4R A W
s B ROR B AR E SRR IR TR (B 2) o 4IARAE ) AR AR 2100—2400 m 4K (10.27 v/hm?) , H 3%
KF 2400—3000 m F1 3300—3600 m 4k ( P<0.05) , {EHEHK 2400—2700 m H/)M(7.65 /hm*) ,

) — )22 A AR A= ) 1 B Vg R B X AR AR AE AN R H 22 R AR (BT 3) . R)Z (0—20 em) 4R A9 = 7F
T4 2100—2400 m 5 (8.01 t/hm?) ,3300—3600 m HfIK(5.42 t/hm*) . WJZ (20—40 cm) AR A Y) & 1E 1
% 3000—3300 m K (3.04 t/hm*) ,2700—3000 m AL (1.99 t/hm*) . [F—¥FRAIE )2, 4044 = bt 1+
JZEIR B T R, 6 N HEHRRS AN [] 42 )2 Y 4R ARy i 8 25 7 25 (P<0.05) HRZAIMR AW 5 Lkl
68%—78%

R2 BHRMLENBREMEILWH ESHT

Table 2 Variance analysis of the interaction effects of forest type and altitude on fine root biomass

75 S5 R A B ¥15 P R
Sources of variation Degrees of freedom Mean square Significant degree
TR KB Elevation gradient 5 12.283 3.053 0.010

42 Soil layer 1 426.498 105.996 0.000

+ E UG ABE Soil layerxelevation gradient 5 10.787 2.681 0.021

0—20 cm [ 20—40 cm

o
&
2

222

Aab

R R
Fine root biomass/(t/hm?)
MR
Fine root biomass/(t/hm?)

..

C

I II I v A VI II 11 v Vv VI
W3 A% BE Elevation gradient/m Wik PE Elevation gradient/m
2 FEBERGEARIENENS HEHE 3 BRBEXNARENENII
Fig.2 Distribution characteristics of the total biomass of fine roots Fig.3 Fine root biomass at different altitudes
at different altitudes ANRING FREFIR A — LB AR R 2 (8] 25 5 W 3 AN A RS Bk

BiAsrsp g T O VI IV V| VIG5 3R 458 B 2100—2400 m FER A — MR AN 12 2 7] 22 5 8 3 (P<0.05)
2400—2700 m ,2700—3000 m ,3000—3300 m,3300—3600 m ,3600—

3900 m, A ; ARVING FREFOR AR RIEIR S AR Y R 22 5 B

(P<0.05)

2.1.2 RSP 75

SR RS AR A  HSE $5 ( P<0.05 ) T MR W53 5 2 48 B 43 10 52 T2 4 YTk 4
HERE IR B3 (3,5 4), 5 AN S8 E RN Y « I ME< 10 < 2 <P <Ll (16 4)
U AR AR A P (8.94 Vh® ), FIMERRIR A (7.75 Vhm®) o HRIF] 2 A A A R IR MR A 05 53
35 (I S) AT MO RIZ AR A IR - FLHE< IR < FT B < Z A2 <1l RIE N - 1M < FTE< L <A
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FERFIRIZ(P<0.05) , HRIZMBAY & &5 SR A &1 72%—80%
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Fig.4 The distribution characteristics of the total biomass of fine

B 5 #Mox@REMENZI
Fig.5 Effect of forest type on fine root biomass
ARNG TR Rl — 2R ARG Z 18] 22 57 B3 AFRKRE T
REFRIR Al — M I3 A ) 12 2 18] 22 5 . 35 (P<0.05)

roots between different forest types

ANTF NG FREFR IR AN RIS AR A ) 6 22 5 ik #5 (P<0.05) ; BP
HHE Betula platyphylla; PT: (4% Populus tomentosa; PA: =¥ Picea
asperata ;SC : [FIF1 Sebina chinensis ; PD ; 114 Populus davi415diana

x3 HOMEIEMNBIREMEZLWHESN

Table 3 Variance analysis of the interaction effects of forest type and altitude gradient on fine root biomass

A5 SR F H B iy p B
Sources of variation Degrees of freedom The mean square Significant degree
PRI Forest type 4 3.109 0.726 0.574
42 Soil layer 1 529.249 123.639 0.000
PIrx+JZ Forest typexsoil layer 4 1.241 0.290 0.884

R4 HKOMEBREENBRENEZILZMTEDN

Table 4 Variance analysis of the interaction effects of forest type and altitude gradient on fine root biomass

5 SRR I ¥y " R
Sources of variation Degrees of freedom The mean square Significant degree
MI> Forest type 4 1.583 1.255 0.290
TR BRI Elevation gradient 5 3.373 2.674 0.024
PRAFXHFHR BB L Forest typexelevation gradient 7 0.853 0.676 0.692

2.2 HHERRALE R A AL ERAE
2.2.1  AN[REEHR R E  HEERAL M B R AR 1

- A TR BN AR K B/ ME IR AE 2100—2400 m AL, B R AE H IRAE 3300—3600 m &b, +
HRZE WE BRI S E AL 22 7 B3 (P<0.05) , A 3k A6 B 1 098 2 1 1 5 90 o Bt 2
RIS R B 3 B oA B, IR 2 B 3 KT 3R)Z (P<0.05) (£ 5) .

AR LR R TC TN TP &t 1 3 K TIR)Z (P<0.05) . TC & ft S B0 B2 SR B e
JE U FE 3300—3600 m AR ENIE(E . TN &bl pt W RIMIN S TC 2RI, TP & bk ph
B ARRER TP F it BEE 25 fe/IME H BLTE 3600—3900 m 4k,
2.2.2  R[EISRG SHEHIEPE AR L

ARG HREEIAEEER , 22 AR IEAERN, HS5ag WA BRRER (£6), A
Moy A IR 20 MM AR K, WA L2 2 (2040 om) BHEAHE B E K FRE (0—
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20 em) ( P<0.05) .

JITA MRSy TC TN TP & & ¥Rl + 2 R M FE A%, LR 2 & 8 8B E K TIHZ(P<0.05), 2t
TC.TN TP & m ., RZIHH, A TC FE B E/NT A S (P<0.05) , 22K TN &8 B E K
THBM(P<0.05) , =42 MM TP & it W K F1Iud BRI (P<0.05) . W28, (At Lk TC &
5 MR 2E R 3 (P<0.05) , IR S RIAD 220K TN & 22 55 3% (P<0.05) , 52K TP SR E KT

[F AR (P<0.05)
x5 FEIBHEEENTEFES T
Table 5 Distribution characteristics of soil characteristics in different elevation gradients
TR IRBR L +J= TS C TN +TE4LP T
Elevation/m Soil layer/cm Soil total C/(g/kg) Soil total N/ (g/kg) Soil total P/(g/kg)  Soil bulk density/(g/cm?)
I 0—20 95.00+7.93Aa 4.01+0.46Ab 0.88+0.03Aa 0.37+0.03Ab
20—40 58.80+6.50Bb 2.57+0.43Bb 0.79+0.04Bab 0.66+0.05Bb
I 0—20 97.97+7.97Aa 3.97+0.28Ab 0.80+0.05Aab 0.53+0.05Aab
20—40 64.43+5.85Bb 2.45+0.15Bb 0.71+0.05Bab 0.83+0.04Babc
I 0—20 96.41+3.82Aa 4.10+0.21Ab 0.79+0.02Aab 0.53+0.03Aab
20—40 58.49+3.13Bb 2.52+0.18Bb 0.70+0.02Bab 0.72+0.03Bab
v 0—20 113.83+6.43Aa 8.80+4.75Aa 0.81+0.09Aab 0.58+0.22Aab
20—40 86.92+41.84Bb 7.07+3.18Ba 0.82+0.07Ba 0.75+0.22Bab
\ 0—20 91.27+6.88Aa 6.80+0.40Aa 0.85+0.30Aa 0.65+0.04Aa
20—40 43.47+3.51Ba 3.47+0.28Bb 0.69+0.03Bab 0.99+0.03Ba
Vi 0—20 98.37+7.42Aa 6.82+0.46Aa 0.74+0.03Ab 0.64+0.05Aa
20—40 52.34+4.14Bab 3.71+0.35Bb 0.60+0.03Bb 0.92+0.05Bab

gy 1V, V VISR M 2100—2400 m 2400—2700 m,2700—3000 m,3000—3300 m,3300—3600 m,3600—3900
m, T[] ARG AR FOR N R EAOR: B AT R £ JZ AR AR W 22 53 10 (P<0.05) AN IRl RS 5B 20K Rl — g 48060 2 AR [A] + )2 I AR AR 4

2% 5 8.3 (P<0.05)
®6 RS TEBUMERS HIFE
Table 6 Distribution characteristics of different forest types of fine root biomass
L . +2 Soil :}Euﬁjiity/ Srﬁ%ﬁi f’/ Si:lifii lI:II/ Sjiiifii f’/
Forest type Soil layer/cm 3
(g/cm”) (g/'kg) (g/kg) (g/kg)

I 0—20 0.49+0.22Bc¢ 99.96+7.13Aa 4.33+1.57Aabce 0.84+0.21Aa
Betula platyphylla Suk 20—40 0.72+£0.20Ac 60.27+5.51Ba 2.56+1.34Bab 0.68+0.22Bab
H# 0—20 0.71+0.05Bab 65.90+5.55Ab 2.79+£0.30Ac 0.76+0.13Aab
Populus tomentosa Carr 20—40 1.02+£0.10Aa 37.42+5.44Bb 1.73+0.62Bab 0.65+0.20Bab
7] 0—20 0.76+0.39Bab 70.27+9.82Aab 3.52+0.89Abc 0.72+0.13Ab
Populus davidiana 20—40 0.98+0.42Aab 37.72+8.768Bh 1.75+0.93Bb 0.64+0.21Bab
41 0—20 0.70+0.25Aab 83.47+10.16Aab  5.92+2.74Aa 0.7120.08Ab
Sabina chinensis 20—40 0.92+0.19Aabc 46.26+3.80Bab 3.22+1.35Ba 0.60+0.12Bb
Py 7 0—20 0.52+0.19Bbe 100.64+3.11Aa 5.39+2.60Aab 0.83+£0.17Aa
Picea asperata Mast 20—40 0.80+0.26Abc 57.95+2.49Bab 3.13+1.91Ba 0.73+0.19Ba

RRNG TR IR AR RS AR ] L2 AR AR e 22 5 38 R [RI RS PR3 7R [l — bR a3 AN ) 2 J28 VAR AR A e 22 5l 35 (P<0.05)

2.3 AURAY RS AR A Mo BT

Fa A5 A 7 AR ( Structural Equation Model, SEM ) 73BT 41AR A= ¥ 7 5 5% K7 22 [B] B9 A B RE i 56 %
CHI/DF = 0.218,GFI = 0.999, RMSEA < 0.001,P = 0.929( &l 6) it B 12455 15 fE % 458 - 1) i Fic BT 2 5040 LA K
PRI MR ZR , A X+ HE TC TN TP #E 47 [ 2 b BE | 42 B0EE — 2 B0 T i B RO 63.62% , 453 R

SEM REf BEAUAR 2L W) 49% |, 3BT 48% , TIEREM 37%, +)2 TIERE %
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HAR B A (P<0.01) 3 AR A3 18 1o 75 55 (] 422 5% Wi 20 AR A= 4 40 AR 2B e 0 58 + 48 9540 (P<0.01) .
Pearson *B?éﬁj\*ﬁ%%&%:ﬁ% : éﬁﬁﬁﬁi%ilﬁ@yﬁ\i% TC.TN \gi\i§ﬁﬁ&ﬁ%*ﬁi( P<0.01), ﬁﬁiig
TC TN TP ¥ 55 H 2 A (P<0.01) (£ 7),

-0.10
R2= 0.01 |
0.33***
i3l += EHR B
_0.64***
0.26%%* 0.46%+* R =049  1-0.07
ER: 223 AR Ay
wER AR A
2 =
006 R =037 CHU/DF = 0218
-0.10 0.15%* GFI = 0.999
—0.052%%* AGFI = 0.996
T3R5 RMSEA = 0.000
P=0.929

TC N TP

R*=0.48

E6 HMIREMEBSNEETFHELHEER
Fig.6 The structural equation model of fine root biomass and environmental factor
# % P <001, % % x P<0.001; 502K EN B, AR R EIHA T ; CHI, K714, Chi-Square; DF ; [ H1 &, Degrees of freedom ; GFI ; i&
Hc EEHE %, Goodness-of-fit index; AGFT; ] % 5 1& Bt B 45 %1, Adjusted goodness-of-fit index; RMSEA ; ifF {15 22 24 J7 #2 , Root mean square error

of approximation

®7 AREVESHEERFHEIMEST

Table 7 The correlation analysis between fine root biomass and environmental factors

. . - T . AR AE )
A HAC bEAN  bmep AT 4k I iR
Ttem TC TN TP . Elevation Soil layer .

density biomass

T34 cTC 1
+ 14 N TN 0.635** 1
+3e4 P TP 0.302 ** 0.386 1
HHEA R . e .
Soil bulk density -0.657 -0.302 -0.207 1
33K Elevation -0.298 " 0.460 ** -0.071 0.467 " 1
+JZ Soil layer -0.535*" -0.455"" -0.299 ** 0.462** 0.000 1
4 LY R=N
’Wﬁi%ﬁ,ﬁ‘ 0.459 " 0.285"" 0.136" -0.413"" -0.236"" -0.694 " 1
Fine root biomass

* P<0.05, * * P<0.01

3 it

31 ARAPEREA

WFFE R, AR A= 4y et B 4R o6 2 SRR MRS T, 7E 2100—2400 m Absie K, R AR SR b A= B2 35 1L,
3 Ao B0 AR A SR i J s R R A B SR BERE MR TR, AT RE TR RO R R AR
S AR AR 22 TR 3 A ORI KA AL 0 1 A A B0, R A A o SR A AR A e A T O™ I )
RN R VM DX L SRR PR B A M T R R R A £ i R LR 1Y

an
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Hiv 5 AEAR AR W AR G, DAL SR 445 Ry /N ER B (3 B, SR SR IE 6 AR 19 2R 4 33X T Rt 2 o VA b X A ) 1
JO7 PR BE A —Fh s TR R RE R A R R R AR AR AR IR A Sh A A R R T B e T A
BROFIME T IR e At X M 72 g A ) S8, 75 VA 4R b IX R AR BRI IR 1) I 4R b Xt ), Sk
T TR DX IR A AR AR AR XL . 538 AR RAGEBRIEAR 2175—3852 m AR ALY ek WF 58 4 b, TR Ak 4k 22 7t
R A RV RE i — DS I

225 BRI TR 5 FPAR A T A0 AR A ) i 25 S5 AN 3, MR N )2 DA R 40 5 0 6 B 1 A8 AR
(3 4) PN AIAR A BT AT S R, 0 I AR ) A8 A I AR5 M AR A W B s ) B AR A T TR
IV PR ) AR A= P ik 40.68 v/hm® BB V& R AR R 13.71 v/hm? €A P I R AR 6.55 +/hm?
FNFEIAT T GEE ARG R 7.31 v/hm® " 0] D4R AR 4y B 25 2 B ) T i T/ N . 77 9628 AR AR AR A= 9 12
Y147 8.50 tv/hm?* (T A FEHEANAR A= 5 B (EL ) |, B LU Az b, JHC Atk 0 7 ] b A ) AR A 4 LB B 20 AR 2
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