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Fine Root Functional Traits and Its Allometric Growth Relationship of Pinus massoniana

Forests Between Different Stand Ages in Central Guizhou

NIE Kun,XU Ming, WEN Chun-yu,ZHANG Jiao,ZHANG Jian"

(The Institute of Fungal Resources Guizhou University ,Guiyang 550025 ,Guizhou sChina)

Abstract: As the main organ for plants to absorb nutrients and water,fine roots have important effects on
the function of forest ecosystem. In this study, Pinus massoniana stands occurring in the Forest Farm of
Longli County,located central Guizhou Province, were taken as the research object. Roots of P. massoniana
and dominant shrubs were collected from the P.massoniana stands with different stand ages (25-,37-,and
52-year-old). Twelve root functional traits were measured to analyze and the allometric growth relationship
between stand age and root functional traits. The results showed that the fine root traits of P.massoniana
changed significantly with the increase of stand age.and the increase of root length density and root surface
area density with stand age was as follows: 52->>25->>37-year-old stand. The root biomass density, root
volume density and root diameter of P. massoniana increased significantly with stand age,while the specific
root length,specific surface area and root tissue density decreased with the age. The root length density,
specific root length and specific surface area of the dominant shrub had significant differences with the
change of stand age. The root biomass density.root volume density,specific root length,specific surface ar-
ea and root diameter of P. massoniana showed a significant allometric relationship with stand age, which

indicated that the strategies of resource acquisition and utilization of fine roots of P. massoniana changed
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with the change of stand age. In general, P. massoniana tended to acquire resources with longer fine root

length rather than larger root surface area,and to accumulate biomass more rapidly in low-age stand than

in high-age stand.

Key words: Pinus massoniana ; stand age; fine root trait; allometry

HE ) 31 BE P IR (plant functional traits) JZ&tE ¥
283 K AT i ) — 2R 5P AR 33X 28 IR BE A%
WA S Z R I A RGEH —EMN
S UL A T RE IR A I R /N R R
EMARKE HREMITR & ES RAENEY W
BIRAE 5L A AR I A K R B R IR AR S
AT [ Bk Al AR R T T b, 2 5 R R
B 42 fk VD AR R A AR ) RE PR RTS8 s e A
RO - 3 B 55 AR 1k 114 Wi 7 AR 9 X B R Y 3 TE 5 AL
i, AR K (specific root length, SRL) J& B %€ R &
W ACK 43 3% 43 0 B g 0 T B2 AR B T AR AR AR M
Py AR A B R B R 1A T D 1 A g A ] R A T
0 0 DR AR IR A B R B b A
MK HEF (root length density, RLD) # &, H *f 7k
G SR Gy 00 W WA RE T A R AR AR ) i % BE (root
biomass density, RBD) J& 4 BiLFE 4 Hb T 35 43k 1 4
AEJI BB AEFR 5 OAR 1 A (specific roots surface
area, SRSA) | # 3 M L % & (roots surface area
density, RSAD) F1 R & FH %5 [ (root volume densi-
ty, RVD) Al J2 Al ¥ A & 5 4 1A 42 b i) 5% % 72
BEN A AR 2H 485 (root tissue density, RTD) ##
T MR L2014 ol B R 40 R R T
3 Ao B PR R Y T 3 B T R o 22 AR AR
4 £ i 1 B B A BE Y 8 Ak, B DAAJE 98 2 A MR
AE S BRAR ) 5 IR R SCRR

M (Pinus massoniana )YE R 20/ T3k
FE] i 7 M X1 & AR L R Y IR B 5
DR 33 A Az ) e AR B2 AE ) 08 R o 3 [ g Tl X
B B R AL e M R, D BAMR R K
AL TR R A B BT A 251 L 38 32 31 40 53R 5%
PR~ 1R B ML T B 0 - SRS AR A A R R 9 A 55 1A
FHb o B PR o A AR R A A B
HAT V52257 38 AN T[] DXl AR 88 | 38 2 2 10 %% B2
TR TN D AR AE Y TR F i AR
{10 A 7= 5 JE 2 R 2 40 A R A0F S5 JF e T g R
X b AN AR D RE PR BRI 5T, 0 HJE X AN [R] AR i 5 2
FARRPAEIR B HE S A KOG R WF TR e, AR BIESE LA
B e st b X fe L EL AR 25.,37.52 a HRAR AT
PR BIEFEXT G2 o $8 705 b R WA MRAR PR it b 0 194 225 1 B
S AR AR ) 1) S AR AR AIE , DU Ol 5 R A IEE 5
A 28 2E TR KT B 2 A PR LR 2R

1 MHE5 7

1.1 HREEHR

A 5T XA T 85 v X R 5L E AR 37, Hi 3 A A
S 106°56'36" —106°56'44"E,26°26'39" —26°27' 04"
NLEH 1 100~1 300 m, b7 SHFRZY 13 J7 hm® .,
AT 88 b b LB 0 L Dk b B B AR A P AL
JoE I AR R KO I A AR R 14,8 °C
I AP 4.6 °C L ae A H Bl 23,6 °CLARRIRET
1100 mm, AR BE 7700, AF E H IR %L
1160 h, JEFEH 280 d LA I+, FHE 2wl
1.2 HMigESEAE

W T 2021 4F 5 H #EAT A e HLEL AR ST
Mo S B A — By 25.37.52 a BRI T RS A TAK
PER AR (R D RS H(LY/T 2908 —
2017 F= TR 2 5 I 4L R0 23 ) 5 R A B 25,37,
52 a Hh ARARST 551 R 43 S 1T RS | A AR A A
Bk, FERADMEEFE N BEE 3 4 20 m <20 m i
ARETT L RETT I BEBS =20 m, RETT N4 B AE M AR
=5 cm R BR AR L A2 L RE M . BT AR B 32
BHIMEE (Camellia oleifera)  AF (Myrsine africa-
na) £ A6 ¥ BY (Rhododendron arboreum) /N F
Jlt (Lyonia ovalifolia) . FA¥k (Quercus fabri) | 1L %5
(Rubus corchorifolius) k12 % (Dicranopteris di-
chotoma) , L F B (Achyranthes aspera)  ZLHI I 4
W (Achyranthes longifolia ) Fl AR 1L 1 48 ( H y-
lodesmum podocarpum )%,
1.3 #HFmRELERNEDHF

DM FE LM 0~20 cm 12
R BLAE L B g X FEE A AT 0~10 em
FJE BN OARBF I R 0~20 cm AR ROREEIE
BEIERRAFETT IR IR 3 BB H KA — 5 2
B UET AR 7 A AR 00 75 1 b D AR 15° . 76
15 I BEE R T 1 m X CR 4 20 em X 20
cm X 20 cm 3277 LARBYHE R AL G AR 3 S L
ARG IF R 1 AR A A B Al
AT PR 2R R 4R 7 I BR R AEFE B W BEA T 0.5 m
b HABZOR 5 5 R — B, HREARRR A%
RN R ., HoRE 72 M AHMN. A RE
B AAE A AT DK A% B PR AR rh ] S92 56 2,
LA H0. 8 mm iy i 7 ¥ U T RSN (B



12 VU b bR B 2= i 37 &
F1 AEWEDERWKETERR
Table 1 The basic characteristies of Pinus massoniana plantations with different stand ages

T 5 it /a B 4K /m LA YR/ () P 1w
1 25 106°56'40. 83"E, 26°26'40. 34"N 1134 YF 18 VNE
2 25 106°56'38. 27"E,26°26'39. 11"N 1123 YF 22 VNE
3 25 106°56'42. 99"E,26°26'40. 22"N 1128 A 30 74 e
4 37 106°56'43. 41"E,26°26'51. 63"N 1172 by 3 A
5 37 106°56'41. 56"E,26°26'56. 12"N 1188 BT > VN Ea
6 37 106°56'43. 41"E,26°26'57. 97"N 1190 A 6 R
7 52 106°56'36. 03"E,26°27'01. 38"N 1220 P 3 R
8 52 106°56'37. 96"E,26°27'03. 59"N 1220 e 11 P NE
9 52 106°56'38. 42"E,26°27'01. 91'N 1213 erp 19 R
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Fig. 1

Fine root traits of Pinus massoniana with different stand ages
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Table 2 Fine root traits of understory shrubs in P. massoniana plantations with different stand ages

Wik RBD RLD RSAD . RVD RTD SRL SRSA
h / / -3 -3 o2, =3 D/mm 3, —3 -3 -1 o2 -1
/a /(kg+m ) /mem 7) /(m® +m °) /(m” +m °) /(kgem °) /(mekg ) /(m” + kg )
ARiZ 25 0.6340.05 1427.99+281.04 4.6340.34 1.3640. 32 0.001 7040. 000 37 425.06£60.62 2 381.95+521.24 7.55+0.71
AT 25 0.7240.06a 1704.95%£233.53a  6.15+0.54 a 1.25£0.06 b 0.00200+0.000 15 a 359.36+£7.41a 2399.47£270.71a  8.63£0.51 a
37 0.7340.04a 1014.99£87.71 b 4.894+0.19 a 1.64+£0.09a 0.002 050,000 10 a 356.821+16.69a 1427.22+172.52b  6.80+0.46 b
i 37 0.3140.05b 1653.29£364.34 b 4,614+0.85b 0.984+0.05a 0.001 13£0.000 14 b 264,17+14,94a 5 161.05%+520.90 b 14.8740.96 b
52 0.564+0.07a 3914.69£481.95a 11.00%+1.17 a 0.934+0.02a 0.00254£0.00023 a 220.86+14.69a 7 136.98+653.61a 20.15+1.50a

V¢ ) B ) /N5 5 B 370 ] ol A 0 L R 7 S T e 5 R A A i 22 5 9 3% (P <C0. 05)
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Fig. 2 Allometric relationship of different stand ages for root traits of P.massoniana
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Table 3 Analysis of standardized major axis regression (SMA) of root traits of P.massoniana for different stand ages
RERZ L
HRAYEAR M/ a R’ B 95%CD
25 a phit 37a Hhith

RBD vs. D 25 0.59" 4.021 (2.338,6.915) " "

37 0.67"" 1.733 (1.056,2. 847) " *

52 0.54" 1.043 (0.586,1.858)™ * % ns
RVD vs. D 25 0.58" 3.884(2.241,6.734) " "

37 0.74"" 1.799(1.161,2.787) " *

52 0.76" 1.140€0.747,1.738)™ * % ns
SRL vs. D 25 0.67" —2.691(—4.397,—1.647) """

37 0.96 —1.926(—2.290,—1.620) " " ns

52 0.96" —1.942(—2.309,—1.634) " " ns ns
SRSA vs. D 25 0.45 —0.421(—0.785,—0.226)™

37 0.88" —0.548(—0.843,—0.356)™ ns

52 0.87" —0.878(—1.424,—0.541™ ns ns
RVD vs. RBD 25 0.93" 0.966(0.764,1.221)™

37 0.99" 1.038(0.939,1. 146)™ ns

52 0.90 1.092(0.830,1.438)™ ns ns
SRSA vs. SRL 25 0.94 0.629(0.507,0.781) "~

37 0.96" 0.493(0.415,0.587) " ns

52 0.97" 0.471(0.400,0.555) " " ns ns
SRL vs. RBD 25 0.51 —0.669(—1.208,—0.3700™

37 0.67"" —1.111(—1.815,—0.680)™ ns

52 0.62" —1.861(—3.142,—1.103) " * ns
SRSA vs. RBD 25 0.45" —0.421(—0.785,—0.226) "

37 0.75" —0.548(—0.843,—0.356) " ns

52 0.68"" —0.878(—1.424,—0.541)™ ns ns

L CIRFEEAFIX . ns 143 P=>0.05; » {03 P<C0.05; * = fRFE P<C0.01. R* FEIEXEAM BENE, AR5 1.0 (225 BEE. &

RLE BRI M 22 5 B E

Table 4 Correlation coefficients among fine root traits of P.massoniana for different stand ages

R4 FRANRIERHREREELXR

RBD RLD RSAD D RVD RTD SRL
RLD 0.236
RSAD 0.828" " 0.735"
D 0.741" —0.428 0.276
RVD 0.967"" 0.079 0.724 0.857""
RTD —0.543 0.327 —0.230 —0.827"" —0.714"
SRL —0.630 0.562 —0.114 —0.873"" —0.677" 0.595
SRSA —0. 647 0.525 —0.136 —0.850"" —0.672" 0.511 0.988" "

A [R) A bR 23 B FE A 4 AR AR ) Y K
MRS L TE AR OC AN BIETE MR R 2 W AR 1 3
TR 5 5 g 9 T T AR [ b e A VA 11 TF 5

25 BRI A X T PG R [ AR i S R R AR 1 5T
R B NES M R SRR TS
AL 0¥ A= 00 ik I A £ B8 06T 940 5 1 R



16 PO LA B 2 4 37 &

B KR T AR AR AN AR A= ) B KNI H « 3k 34
R AR = 3 bR B A . 5 A R AR At
BERRS N A AL A A LA . ARSI R L T
L EL D R 200 R R AR R A I A 1 A e
EJAR A ) i B — B, BV F B PR B 1 O T G 2
o T A B ST R B PRI X B 1L g DX R A 4
R LA AR 2 1 AR B G W S B e X R 22 R
A B 5 AT AR P 05 R0 43 A AR A5 56, 1F 2 o8 %
HH L AN 2o AR AR R AN AR G H 2 AR RIE S
SERRY SRR T A ANAR I G B KON R
BT BUAMOR 1 2 A o 2~ 3 R AR ARk
P55 L BT DR Y R0 4 AR 1 O 2 B A L B AR
Rl 4 4R Y 7 125 BE T AT Ak b 1 B 4% R &R R Th B4
PECH L EL ] B S EOAR BF g 45 SR S A B Y O vk 1S
MR E LR,

B 5 R 1) 1 L A TRDPR T A A ) AR PR AR Ak
AR . ABFFERW] BRAT AR B | LU AR K &
b 2% T RR 227 B AR B 79 184 R T D /0N o AR L AR B P 8 11
BTN 5 S0 AS I AR A ) 1 2 R K AR R
AT AR B AR AR 2 B | U AR B bb 3 TR Y A
A 38R T B . 3R A SR A B2 1) AR Ak R A RT BE R
TR AR B 4 P 5 K 2 B PR G 5 R 2 R ] 22
S SN 525 a bRHb R 22 RE M SR L HE R 3l Dk A
5% , R B IR AR 2 AR A B ALK, 37 a ARHBAR T AR Y
Tl 2 REPEREAR T AS FIRAT o5 8 8 b 457, 5 R FA R i
25 IR ICHB A3 RS L T 52 a ARHBAR T WA 4 4 X 11
PEIAHAL P FP L LB — , BT LA T 25 a MM, 37 a
AR B9 BRAFAE A2 BRI AR S AR PR A B 35 /N T
ERARES 52 a BRHE I T 55 76V AR 2 AT oAb 38 3
AR By AR K SR AR MR BB 25 3 T 37 a AR

S A K G R AT DA IR A5 A IR ] ) R R A
Ko RUY AR I KB R P AR A MR AR )
J# (RBD) RIS B (RVD) | LR K (SRL) | Hb %
1 AL (SRSA) AR B 4% (D) 184776 B 3 1 5 A4 K
KA. 25 a ki RBD 5 D.RVD 5 D iy 5 4=
KAGE 0l 4. 021.3. 884, M 8.3 >1,37 a M
B RBD 5 D,RVD 5 D 5 # 4 K 45 %4> 9
1.733.1.799, B # >1. 0,1 52 a bR 5 & ik K
KFR R UIARES BRI AR R A o RV AR () R B8
R, VE 20T A 2 I, Ay i MR AR R AR R
TR R DY . 3 A AR T B A AR AR K
HEFEMBERAMXEXR, KRN
—1.93~—2. 69, A AKB W& BE LA SRL
5D REEAME, L5 M4 KEE N —1. 81,
SRSA 5 D Efi Rl A KKR, L LI, AR
MREETE ) RVD 5 RBD ¥ 2 & s A K CR H AR

AHT o U ) 2 R P AR 2R PR B 385 0 5 A 9 B S K
FETE T B ) — 8t . SRSA 5 SRL & — A 56k
e i A9 AR IR A Ak 3R AF AR R 0 E DR 3R BRR
WO BE AR ES B HG K, SRSA 5 SRL A4 5 4E K- 45
By R 0.629.,0. 493 F1 0. 471, B B <<1. 0,
BB ZREAERBR LR EZES, £Y 34
Ry SRL 36 K o R 2 1 3% K T SRSA Y34 K 3
R, T 2 A T[] T OINAR R K BE LUK BUE R, 5
O BF g4t i —80 .

S 3

[1] GITAY H,NOBLE I R. What are functional types and how
should we seek them[ M]. Cambridge: Cambridge University
Press,1997:3-19.

[2] DIAZ S.CABIDO M, CASANOVES F. Plant functional traits
and environmental filters at a regional scale[]]. Journal of
Vegetation Science,1998,9(1):113-122.

[3] CHATURVEDI R K, RAGHUBANSHI A S,SINGH ] S.
Plant functional traits with particular reference to tropical de-
ciduous forests: a review[ J ]. Journal of Biosciences, 2011, 36
(5):963-981.

[4] VIOLLE C,NAVAS M L, VILE D,et al. Let the concept of
trait be functional! [J]. Oikos,2007,116:882-892

[5] GUO D L, MITCHELL R J, HENDRICKS ] J. Fine root
branch orders respond differentially to carbon source-sink ma-
nipulations in a longleaf pine forest[ J]. Oecologia, 2004, 140
(3):450-457.

L6 Ai223&, BB ASE. o 4 5 3F 5 0 AL A 40 AR L AR

R[] A28 24, 2006,26(12) :4164-4170.
WEI L Y,SHANGGUAN Z P. Specific root length characteris-
tics of three plant species, Bothriochloa ischaemum , Hippo-
phae rhamnoides and Quercus liaotungensis in the Loess Plat-
eau[ J ]. Acta Ecologica Sinica, 2006, 26 (12):4164-4170. (in
Chinese)

[7] EISSENSTAT D M. Costs and benefits of constructing roots of
small diameter[ ]J]. Journal of Plant Nutrition,1992,15(6-7):
763-782.

(8] ZEHmEE, T R AR MG . 45 . it X U AT A T AR B i o2t LA B 4 AR

JEASFIAE Yy 0 5 0 [ ] R A MOl K24 2 i AR R 2 R
2013,37(2):21-27.
LI R X,LING N,HAQO J P,et al. Effects of stand ages on car-
bon storage, fine root morphology and biomass in Platycladus
orientalis plantation[]]. Journal of Nanjing Forestry Universi-
ty: Natural Sciences Edition,2013,37(2):21-27. (in Chinese)

L9 R/ 09 e RO L 55, =0 JA DXL A i 7K ¥ A 9 AR 3R R AR
5 R HEPUK R AN [J]. £ 3EAAIR ,2011,48(1) : 160-167.
XU S J, ZENG B, LEI S T, et al. Root features of several
flooding-tolerant plants and their roles in enhancing anti-erod
ibility of the soil in Three Gorges Reservoir Region[]J]. Acta
Pedologica Sinica,2011,48(1):160-167. (in Chinese)

[10] CRAINE J M,FROEHLE J, TILMAN D G,et al. The rela-

tionships among root and leaf traits of 76 grassland species



%6 S dh SR B DX R BRI D R AN AR T A0 AR 2 Al R SO S A K R 17
and relative abundance along fertility and disturbance gradi- WANG N,SHEN Y F,CHENG R M,et al. Fine root produc-
ents[ ] ]. Oikos,2001,93(2) :274-285. tion and turnover of Pinus massoniana and their influencing

C11] T3, T4 okof o, % 4 3 D B N TR A 285 &R G b factors in the Three Gorges Reservoir Area, China[ J]. Chi-
GBS T, PEdb AR Be2#4% ,2016,31(3) :197-203. nese Journal of Applied Ecology,2017,28(12):3827-3832. (in
DING B.DING G J,ZHANG Y R. Effects of density regula- Chinese)
tion on carbon storage of Pinus massoniana plantation eco- [21] W, R EwARE 4 SOk, A5, =0k 28 (X B2 Fs A [R] 1448 40 AR 40 il
system[ ] ]. Journal of Northwest Forestry University, 2016, s K Hgm R )], B AR A2 4, 2017, 28(2) :391-398.
31(3):197-203. (in Chinese) WANG N,CHENG R M,XIAO W F,et al. Dynamics of fine

[12] #hing . REGHEE T TARRMKBEZ K S ER AN THIER root decomposition and its affecting factors of Pinus massoni-
H i SRR B ARAE (], A 2 2F 4, 2017, 37(7) £ 2282-2289. ana in the Three Gorges Reservoir Area, China[J]. Chinese
HAN C,SONG M,DU H,et al. Biomass and carbon storage Journal of Applied Ecology.2017,28(2):391-398. (in Chi-
in roots of Cunninghamia lanceolata and Pinus massoniana nese)
plantations at different stand ages in Guangxi[J]. Acta Eco- [22] Bk, St R A% A A AR BB £ FF 1 B o A REAEF 5 [ D .
logica Sinica,2017,37(7):2282-2289. (in Chinese) BEIH - 5N K 2%, 2020,

[13] RAW RS, D255 RRE ARG % E DR TARE [23] EBHR,AVLR, B L5 YRR ksikl) ] &
R R A A A A 2 T B R AR LD ] )T P AL, 2021, 41(9) Megklk . 2015(17) 1 122-123.

1497-1580. [24] PREGITZER K S,DEFOREST J L,BURTON A J,et al.
LIANG Y M,PAN F J.MA ] M, ez al. Ecological stoichiom- Fine root architecture of nine North American trees[ ] ]. Eco-
etry characteristics of needle leaves and roots in different age logical Monographs,2002,72(2) :293-309.

and density stands of Pinus massoniana plantations [ ] ]. (257 BEEM. WA S#EAERECRSHESIEMRID]. 22
Guihaia, 2021,41(9) :1497-1508. (in Chinese) M HR AR K2, 2016,

(147 REEfy. EHE0 . 1 SOk A6, =W X 5 B AMR AR Y 2 [26] JACKSON R B, MOONEY H A, SCHULZE E D. A global
fa) oA [T, A 2524 .2012.32(3) : 823-832. budget for fine root biomass, surface area,and nutrient contents
CHENG R M, WANG R L,XIAO W F.et al. Spatial distri- [J]. Proc. Natl. Acad Sci. USA,1997,94(14) : 7362-7366.
bution of root biomass of Pinus massoniana plantation in [27] MICHAEL B L,MAREK ] K.MICHAEL A S,et al. Age-re-
Three Gorges Reservoir Area,China[]]. Acta Ecologica Sini- lated changes in survival and turnover rates of balsam fir
ca,2012,32(3):823-832. (in Chinese) (Abies balsamea (1..) Mill.) fine roots[J]. Tree Physiology.

[15] R, BN ZEHE. S HEMEDSREMATHIRREY 2018,38(6) :865-876.

T2 A AR R LI . T 04 D 3 R 24 2 4l [ AR B 22 AR, 2020, 38 [28] skme, B mesk , 5 AR, 45, dbut L XOR R bR 23 bR N L BEAR 3R 43
(1):149-156. A AR S R 3R [, b Bkl K2 2 4, 2018, 40 (4)
SONG Z R,QIN J S,LI M J,et al. Study on root biomass of 51-57.

Pinus massoniana plantations in subtropical China[J]. Jour- ZHANG X,HUANG X Q.XIN Z B.et al. Distribution char-
nal of Guangxi Normal University: Nature Science Edition, acteristics and its influencing factors of understory vegetation
2020,38(1) :149-156. (in Chinese) roots under the typical plantations in mountainous area of

[16] BREUE AMIE IS A7, 55w 5 L0 b B B8 DX R S B bR R Beijing[ ] J. Journal of Beijing Forestry University, 2018, 40
TR AR Y 3 B4 AR RRAE )], A8 A A MO 2 4 AR (4):51-57. (in Chinese)

i ,2020,49(6) :789-795. (297 WAl B 1145 MR AR MR I 25 28 53 K K 53 0 W) T4 GF 45
ZHANG C F, HE T B, YANG W, et al. Vertical distribution BLHI[D]. BT . db BTkl k2%, 2019,
characteristics of fine roots of near-mature and mature Pinus [30] ®/NE. 0. XIBE D RMMES RG]
massoniana plantations in hilly areas in plateau mountainous re- PHAE AR B 2238, 2012,27(5) : 45-49.
gion[ ] . Journal of Fujian Agriculture and Forestry University: CAO X Y,YANG W L,LIU Y C. Carbon storage quantity of
Natural Science Edition,2020,49(6) :789-795. (in Chinese) Pinus massoniana ccosystem[J]. Journal of Northwest For-

(171 @k AF TR AN AR R AW i e =s 1) 43 A [D]. 5% . estry University,2012,27(5) :45-49. (in Chinese)

BMAAE, 2014, (317 RShiBC. 5 JAE ok 45, 2% R RA MR IR R A ik B4 1

C18] B ik, 8 K — K B th Ak SR b 8 WA PR A0 AR A= 4 it 40 A B B HRBTFEL) . B A5 2241, 2005, 16(1) : 21-24.

5 A TR A DEFELT ] PH MO B, 2015, 44(3) DENG K M, LUO T X,ZHANG L. et al. Root biomass of
61-67. different stand-age Pinus yunnanensis forests and its distribu-
XIAO X, HAN T Y,OUYANG X Z. Fine root biomass distri- tion pattern in different soil depths[ J]. Chinese Journal of
bution and its relationship with soil in Pinus massoniana nat- Applied Ecology,2005,16(1) ;21-24. (in Chinese)

ural forest[J]. Journal of West China Forestry Science,2015, [32] VANNINEN P, YLITALO H,SIEVANEN R, et al. Effects
44(3):61-67. (in Chinese) of age and site quality on the distribution of biomass in scots

[19] ZEHHE. BARREE X SR AN TARGARTE A AW Kk & pine (Pinus sylvestris L.)[J]. Trees-Structure & Function,
J3 AR R B R M [ D], %2 Y 1 ARl R, 2019, 1996,10(4) :231-238.

[20]  EW6, PRl &, BREG AR, 5. =ik J2 X I R 0 A AR 2 7 R R e

s B [T, A 44,2017, 28(12) : 3827-3832.

(F#% 174 T)



174

T b bk B 27 4l

37 &

[52]

[53]

[54]

[55]

[56]

[57]

TGk R RREEA R SR RN RESYE
Fr AR 8 OF 5 45 T S LD 0. v b Ak B 22 R, 2006
(4):135-138.

WANG D,ZHANG Q.ZHAI S W. Advance in the application
of insect protein, chitosan and fatty acids to animal nutrition
and feed[ J]. Journal of Northwest Forestry University, 2006
(4) :135-138. (in Chinese)

WAL, BN R S RER S H MR SRR ],
FHAL AR BE 2 4. 2002(1) :51-54.

XIE SA.LU S J, YUAN F,et al. Review the past and look
forward to the future of insect ecology in China[ ] . Journal of
Northwest Forestry University,2002(1) :51-54. (in Chinese)
JIN B,ZHAO Y,LIU P,et al. The direct regulation of Aalb
dsx on AalVgR is indispensable for ovarian development in
Aedes albopictus[]]. Pest Management Science,2021,77(4) :
1654-1667.

WAHLI W,.DAWID I B,RYFFEL G U,et al. Vitellogenesis
and the vitellogenin gene family [ J]. Science, 1981, 212
(4492) :298-304.

QIAN C,LIU C,ZHU B, et al. Identification and expression
analysis of vitellogenin from silk-producing insect, Actias se-
lene Hubner[ ]J]. African Journal of Biotechnology, 2011, 10
(6):999-1010.

ZHU S, LIU F,ZENG H, et al. Insulin/IGF signaling and
TORC1 promote vitellogenesis via inducing juvenile hormone
biosynthesis in the American cockroach [ ]J]. Development,
2020,147(20).

GUY D, FRANZ E. The vitellogenin of Leucophaea mad-

erae : Synthesis as a large phosphorylated precursor[J]. Insect

[59]

[60]

[61]

[62]

[63]

[64]

Biochemistry,1987,17(3) :401-415.

RAIKHEL A S,DHADIALLA T S. Accumulation of yolk
proteins in insects oocytes[ J]. Annual Review of Entomolo-
@y.1992,37,217-251.

SAPPINGTON T W, RAIKHEL A S. Molecular characteristics
of insects vitellogenins and vitellogenin receptors[ J ]. Insect Bio-
chemistry and Molecular Biology1998,28(5-6) ; 277-300.

ROY S,SAHA T T,ZOU Z,et al. Regulatory pathways con-
trolling female insects reproduction[ J]. Annual Review of En-
tomology,2018,63:489-511.

DAI L,ZHENG J,WANG Y.et al. Survival physiology and
sex ratio of the Chinese white pine beetle Dendroctonus ar-
mandi (Coleoptera: Scolytinae) during host colonization and
overwintering[ J]. Bulletin of Entomological Research, 2020,
110(1) :115-122.

KIJIMOTO T.MOCZEK A P, ANDREWS ]J. Diversification
of doublesex function underlies morph-,sex-,and species-spe-
cific development of beetle horns[]J]. Proceedings of the Na-
tional Academy of Sciences of the United States of America,
2012,109(50) :20526-20531.

ITO Y.HARIGAI A, NAKATA M,et al. The role of dou-
blesex in the evolution of exaggerated horns in the Japanese
rhinoceros beetle[ ] ]. European Molecular Biology Organiza-
tion Reports,2013,14(6) :561-567.

GOTOH H,MIYAKAWA H,ISHIKAWA A,et al. Develop-
mental link between sex and nutrition; doublesex regulates
sex-specific mandible growth via juvenile hormone signaling

in stag beetles[]]. PLoS Genetics,2014,10(1) :e1004098.

(k3% 17 )

[33]

[34]

[35]

[36]

[37]

HELMISAARI H S,MAKKONEN K,KELLOMKI S,et al.
Below- and above-ground biomass, production and nitrogen
use in scots pine stands in Eastern Finland[ ] ]. Forest Ecology
&. Management,2002,165(1) :317-326.

VOGT K A,MOORE E E.VOGT D J,et al. Conifer fine root
and mycorrhizal root biomass within the forest floors of
Douglas-fir stands of different ages and site productivities[ ] ].
Revue Canadienne De Recherche Forestiere, 2011, 13 (13):
429-437.

ESTRADA L R V.CARABALLO V V,RUTH L E,et al.
Root anatomy, morphology, and longevity among root orders
in Vaccinium corymbosum (Ericaceae)[]]. American Journal
of Botany,2008,95(12):1506-1514.

MCCORMACK M L, DICKIE I A, EISSENSTAT D M, ez
al. Redefining fine roots improves understanding of below-
ground contributions to terrestrial biosphere processes[ ] ].
New Phytol,2015,207(3) :505-518.

WK TR B R R U E KRR R SR ()] M A S
2412008, 32(4) : 951-960.

HAN W X,FANG J Y. Review on the mechanism models of

[38]

[39]

[40]

allometric scaling laws: 3/4 VS. 2/3 power[]]. Journal of
Plant Ecology (Chinese Version),2008,32(4):951-960. (in
Chinese)

i B E . B DCOAS R MR AN bR A AR B S A R
FELT]. A A4, 2016,36(14) :4423-4429.

SU J, WANG D H. Physiological characteristics and senes-
cence of fine roots in Robinia pseudoacacia plantations of dif-
ferent forest ages in the Loess Plateau[ ] ]. Acta Ecologica Sin-
icas2016,36(14):4423-4429. (in Chinese)

Rl K J, R bR, E A5 TR L S R 9 9 B 1L P A AR IR
WARARLT]. AR AR 2019, 39(12) 1 4530-4539.

ZHOU Y J,CHENG L,WANG M T,et al. Seasonal changes
of fine root traits in Pinus taiwanensis hayata at different al-
titudes in the Wuyi Mountains[J]. Acta Ecologica Sinica,
2019,39(12):4530-4539. (in Chinese)

CORNELISSEN ] H C,LAVOREL S,GARNIER E,et al. A
handbook of protocols for standardised and easy measurement
of plant functional traits worldwide[ J]. Australian Journal of

Botany,2003,51(4) :335-380.



