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Effect of air root pruning on biomass allocation and root growth in Platycladus

orientalis seedlings

FENG Zhipei, YANG Guoguo, GUO Erhui, CUTI Qiufang, PEI Bing, YANG Xitian "
College of Forestry, Henan Agricultural University, Zhengzhou 450002, China

Abstract ; Plant roots are important organs that function in the uptake of water and nutrients from the surrounding soil, and
the physiological and motphological traits of roots affect shoot growth. Therefore, the present study assessed the effect of air
root pruning for 10, 30, or 50 d on the biomass allocation, root morphology, and root absorption area of juvenile-stage
Platycladus orientalis seedlings, with intact plants used as controls. The results indicated that (1) root biomass,
aboveground biomass, total biomass, root length, root surface area, root volume, and root tip number all increased with air
root pruning time. In addition, the total and active absorption areas of the roots significantly increased. (2) Air root pruning
significantly affected the biomass allocation pattern of P. orientalis seedlings, and the root :shoot ratio initially increased but
then decreased ;) whereas it only decreased in the control. (3) The diameters of most of the P. orientalis roots were <0.5
mm: Furthermore, air root pruning improved the length, surface area, volume, and tip number of <0.5 mm roots, when
compared to the control, and the roots of this diameter range accounted for 79% of the total root tip number. (4) The
biomass and root characteristics of the P. orientalis seedlings were closely related. In addition to the average root diameter,
the aboveground, root, and total biomasses of the pruned seedlings were positively correlated to root length, surface area,

volume , and tip number. However, the root :shoot ratio and aboveground biomass were negatively correlated. Consequently,
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air root pruning technology could be used to dramatically promote the growth and survival of P. orientalis seedlings by

improving their root morphology and enhancing the absorption area of their roots during early growing stages.
p g p gy g P g y 8 g stag
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R B0 AR F T 45 4 BE B2 AR IR AR BB AR K L — BB O N A AR ((Quercus ilex da) | JIH i Hi A
( Quercus coccifera 1.) > BRINIRH ( Pinus sylvestris) ' S5 [ BBH ( Pinus contorta Dougl. var. latifolia Engelm.)
SFWFITJE IR S, 3X AR FR A A AN I 5 R R IO SR A R 200 RO SR R
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FEt 21 R AR AR %, H A1, Amoroso Fll Chapman %kﬂl,*ﬁ%iﬂi CHBTR A= W A SRR 5 ) B A7
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TR b 5 A8 TSN 0T g A lh R 2E AR R B3 (113°42'E,34°43'N) |, 1% IX & T BRIRAT KB, 45
P 14.2°C e (7 7)) Bl 43°C e (1 ) SRR EE-17.9°C . 424 H BRIECR 292 2400 h,
R R K EE A 623.3 mm, JoFEIA 220 d, = 10°C R 4717°C
1.2 e AR B

WP EHUAR R 5T 2014 4FR PR T 3 48 BT AMOLR , & 23R 90% , T-RIHE (24+2.82) g, 4f7 [0 52146
BUKFE 4°CIRTE . 2015 4F 3 J 27 SH0AAR 55t 40°CIR/KIZIE 24 h, & B GE XL VM 14 d, 5K #
2 2 ORI 58 FUS T 2015 4F 4 F 15 SAERP A (Zad o R FE R HOIR A+ HERE T b e B A Bl
FL) A FRER AT R, BB 10 emx 10 emx 10 em (PRI 47 4 BE, B 2 em JEIR, Bkt
JESE, G—HCE A 20 em AUES SEM (K 1) 8IS em, f5A 25 €W 18k, E 5K A
B, S 3t G FEA AL 2SS 0  2 5 7 A 5 ), 0 3 A YA it I R it e 245, A R IO 4 e s W A < b
T A =1 RGBT RS pH O 8.3, A AL S 0 1.94% N P K & #4358 93.27 54.77 mg/kg
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I AR SCRPEE SR AR 30 d s SBR 0 d.
IR ML A 0], 3 B 2 AR AL 3 (T) Al
AWIAR AL (X CK) , T2 MR fE 10,30 d #1150 d
SRAE, BRUCRAE 73 516 A 40 344 B 50 B (T AL 2 50
PR, CKS0 # , 3£ 100 #R) , [ B, PR E A5 YR A 258 B 3
FEAR—FRRE (A KRR 1), 0K i AR Hb -
BRI FIAR SR BE 43 G, PTGV JEOAE Y o] S 0 2
YOI RE 53 B FH A R AL B 20 BRI & A= 45, 20 BRI E

MRS FER, HAY 10 BRI EAR R 6 BRI AR, j W
1.3 SRR IR E o
( 1) i%% %ﬁﬁiﬁ?fzﬁ(ﬂﬂféo %£€§7J(5E:F7%$E B1 SSEHRNNEHES

/% , ){%‘% %Bﬁj\%/\%%ﬁﬁ1ﬁﬁ]qﬁﬁa B/‘J ﬁgij‘ V:J . :J: E*EHE i‘H_j‘J: Fig.1 The culture of air root pruning in P. orientalis seedlings
HATE 105°C AT )G BT 85°C FHLT 2 i 5 ; MU AME
#6,7F 68C THET 48 h ZEfH &, /A KPR (K5 21 0.0001g)

F1 REAIEMHEEE SRS S e

Table 1 Height and ground diameter at different time with P. orientalis seedlings under different treatments

) Ji] Qb Hi iz
Time/d Treatment Height/mm Ground diameter/ mm

10 T 41.41+1.86 0.73+0.14
CK 39.32+1.23 0.68+0.19
30 T 54.92+2.47 0.84+0.04
CK 51.71+1.89 0.88+0.05
50 T 75.82+3.44 0.95+0.03
CK 67.58+1.16 0.98+0.04

T. 25 SWiHHR AL FE Air root pruning treatment ; CK ; X i Control

(2)JEZF5%5 i ] EPSON PERFECTION V700 Photo 131X 454 WINRHIZO PRO 2007 1R &40 R 4
(BAVRR ) RAEFERAR B ARFETARN ARIARR AR B AR AR S BB | AR HI AR 2R il R 1) 25 AR R
1934 3 M .0—0.5,05—1 mm Fl 1—1.5 mm, 23 B0 AR K MR F 0 ARARFAR K,

(3) BT AR R AL B 3 AN E) B2 R U R AR 2, FHHEZK IR I 5 AR R AR BUS , FW K 4% /N0 AR
F AR AT, SR FH EP 0 1 R Rk 2 0 5 R A e R 558 BB WA T L
1.4 HdEab

H¥E R SPSS 21.0( SPSS, Chicago, IL, USA ) 3R {4 A [l b BRANAA A= 9 i R ZR FE A A0E S W A v R A 7
PR R T 224181 Cone-way ANOVA) FF /8T, I Excel 2013 B4 14

2 ERA

2.0 A SWTAR X AR &I A ) T A S e

T ARG AN R B AE Wi AR AU — 20, 28 T CKL T 403 10,30 d A1 50 d A MAR Sk AR A= 4
Hr I CK S E 180 0.0043 ,0.0062 g 10.0133 g( P<0.05) ;10 d 150 d BYEAkkH [ 2EHra H CK & 48
0.0135 g £10.0393 g( P<0.05) ,30 d It CK 5 0.0097 g, {H2EF AN 3 ;10 .30 d F150 d MAA A4t I i
T CK(P<0.05) , 43 l/& CK 19 1.26 0.33 {51 0.45 £, T AL 10 d MFA AR A= 96 o S AE P it 25.52% 1%
F CK 1Y 27.06% , 1fii 30 d Y 29.66% =T CK 4 26.57% ,50 d B~ 23.80% 1 CK AY 23.08% Jo 5 ; [ AL, T Ab
FH10 d MAIHE b A=y 5 e e CK 390 1.6% ,30 d B9 1 CK K 3% ,50 d i 5 CK A —3, 8 76% ., T
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AR 2 AR B S SE RS BN T CK

MR BT . 2 TR 10 d SRR L 1L CK 1) Pt
/1N 0.06,30 d R LI CK H# 70.06,50 d FICK Y . .
HAH(E 2)., ® | b
2.2 725U RS2 AR A5 1 B : %/% , %
T 10,30 d A1 S0 d MU BTREBRR B2 . %
RIBAALIEI e CK K, ) 50 d Jik, M2 CK § a g i Z
f) 1.28 .1.08 fi5f1 1.05 £%;10 d F1 30 d MAIARAFEL L 0.05 . % a % b . % %
CK W& ,50 d ZEAHIE ;10 d #1150 d AR R FH EAR o a B |
CK B, 30 d Ak 55 CK — B, Jr 22440, T 4b3e 0 = %I % i %I %H %I %
10,30 d Fi1 50 d B4R B A2 5 e CK 3 0 T Puren | oarwk |\ enm
6.16.,10.47 cm 1 15.98 em(P<0.05) ;10 d 130 d R % Aboveground | Rooju@n Qg Total blomass

AR S 25 & T CK, 48 3038 T 30% Fi1 34% (P <
0.05),50 d U I CK B8 55 0.6 em?, {H2% F 8 B 3,30
d ARPEBILL CK 1375 0.01 em’(P<0.05) ,10 d 150 d Fig.2 Effectsof air-pruning on biomass allocation of P. orientalis
2 A 510.30 d F1 50 d MR EARY CK A B seedlings (meansSE, n=6)

25510 d ARRFLL CK B EZ 31 ~(P<0.05) ,30 d Al FIoRRFVING T o5 7 — i 1] A5 [7 b B0 2 [7] 2% 5 5 44 ( P<
50 d M CK £ 7 16 A~ (HEF AR E(£2), 0054

B2 S SERRET A S R e M B B RO A (P i b

=,n=6)

®2 ERERIMMERRFE S CRMELbREDR, n=6)

Table 2  Effects of air-pruning on root morphology of P. orientalis seedlings ( mean+SE, n=6)

i/ d Ak LK/ em REHA cm’ BB em? MR- E A%/ mm MR
Time Treatment Total root length Root_surface area Root volume Root average diameter Root tip number

10 T 22.72+1.26a 2.20+0.03a 0.017+0.001a 0.31+0.02a 57+6a
CK 16.56+1.50b 1.70+0.1b 0.014+0.002a 0.33+0.02a 26+3b

30 T 43.54+1.77a 4.68+0.92a 0.04+0.002a 0.34+0.07a 76+9a
CK 33.08+0:82b 3.50+0.19b 0.03+0.003b 0.34+0.02a 68+6a

50 T 72.12+2.73a 7.52+0.89a 0.06+0.008a 0.35+0.08a 115+9a
CK 56.13+1.97b 6.91+0.24a 0.058+0.004a 0.39+0.02a 109+8a

2.3 AW AR R W AE AT

XoF 28 SR B AR 41 0 A ) 1 FUR R8PS AT A DG E i iR A i o L AE & SR R A D
IEAHSE(P<0,01)., AR it B At b A= 9k 52 i 3% A 5 ( P<0.05) . BRAR R ELARSM iR AR R i A ARAARF AR
R TEARC (P<0.05) , ULIIR RIEES BN, 76— B B L] UGE S0 A 40 i A 4 5t i 3 K
(F£3)s
2.4 AW MIAIAS FARARAR A MR SR T AR AR FRURI AR P B 1 5 el

¥ 5 AR RARRAN /e, P FR AL BRANAE 52 AR AR R B2 R EE P LE 0—0.5,0.5—1 mm Al 1—1.5 mm
13 ARG X ], I H BEAR RGN, £ PR R AR AR R AR AR A FURIAR QB4 08/, 5 T AL FE AU A
FIAR R AT IR, 3 AhiRged , WERHRIR R A ,0—0.5 mm FR R BRI L RF KRR, 10—50 d
B AT N 20.26—62.65 cm , 7351 5 AR BK Y 89.18% ,86.92% T 86.87% , H. [ 1] CK Ay &k & 48 n5.87 .
9.03 cm F116.67 cm( P<0.05) ; AR FL 301 i i R EFLAY 61% .56.63% F1 56.44% , /& CK 1 0.33.,0.34 1
10.24 £%(P<0.05) ;10 d #1130 d MRAKBIL CK B EH T 0.0019 em®F10.0046 cm’( P<0.05) ;10 d ARIIEK
20 5 AR 96% , & KT CK31 4~,30 d A1 50 d WAL ANBA (] 3) , 0.5—1 mm Al 1—1.5 mm
MY AR B AR ARRFRARIE S CK AL, 76 3 MIE R T 25 5%
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Table 3 Correlation analysis of biomass and root morphology
. o o o - R A RER “
o WEWR REWR b EER REE oo RIABLTC T
= Total Root  Aboveground Root to . Root Root tip
Parameter . . i . Root length  surface average
biomass biomass biomass  shoot ratio volume . number
area diameter
B Total biomass 1
HRAEY R Root biomass 0.983** 1
A Aboveground biomass 0.999 ** 0.972** 1
HR5E . Root to shoot ratio -0.455 -0.308 -0.495"
HAE Root length 0.925**  0.951**  0.912** -0.261 1
R Root surface area 0.911**  0.944"*  0.896"* -0.236 0.976** 1
HRAAF Root volume 0.846**  0.884**  0.829*" -0.192 0.899**  0.973** 1
HRE A Root average diameter -0.096 -0.080 -0.100 0.025 -0.146 0.054 0.260 1
HRIXEL Root tip number 0.666 ** 0.664 " 0.662 ** =0.222 0.777 ** 0.727** 0.632%*  -0.307 1
* FRNAE 0.05 BFHEAKT T RBFAI; + + FIRTE 0.01 LEHACE I
80 r 6.0 r
—o— AW AL B
60 B 45
2
2 5
= <
ij’ 40 | E 30
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L 003 f 9%
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3 £
E 2
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54 £ I
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f=] (=1 (=3 (=} (=3 (=3 (=) (=3 (=4 — o ) — on vy — o w
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Fig.3 Effects of air pruning on root length, root surface area, root volume and root tip number of different diameters ( mean + SE, n=6)

d AR AR HR
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2.5 2SR G IUAT S A= 1 AR 2R A W A TR TR SR IR MAC T R P 52 i

T Kb SEAM A S A= AR 2R A R S T RRURITTS BRI A AR & B i AR 2 a4 76 50 d Bk, 3.52 m* il
1.81 m*, MERARAR R SRS A, T AL SR E ) SRR AR R B T AR 5 CK AR L, 10 d 2R 35,30 d
150 d 205 CK L3610 0.38 m* 1 0.60 m*( P<0.05) ; 1k BRI WL ifd ARAE B& AR B0 30 18] 2 B 2 7 T CK(P<
0.05) ,MKIKJE CK 1 1.25 .1.39 £5 M1 1.16 £%, 5 AR ZR S i B EL 918 41.19% . 49.1%F1 51.7% (& 4)

4 r 20 r
a
2 AL B a 7
O xFH % b
o NE
\E b = a —
R a E 15
< a —==— ’v—l
== a 7 b B a ?
=3 %—I— - Ea
= =4 b
= 8 X E o
HE 2 %é 10 Z b 1
£E e |
22 B2
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g ® 2
= 1 8 05
= Q
= &
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fi 1] Time/d

B4 FELETMHEEEHRZRSRCERNEFRBBERZ ST CFHELPRER, n=6)
Fig.4 Dynamics of total root absorption area and root active absorption area of P. orientalis seedlings under different treatment conditions

(mean = SE, n = 6)
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ABEFEFRI 25 ARSI T RS A v st B AR e T AR e R RER IR IR R
RS MR AR A v BURIAR 2R 3G BRI A i B, AR R AR 5 CKOM AR AN IR, BRI Z A1, 2 AR
FHN TR BARTE 0—0.5 mm RIMUIFARR R BE ST AR ARFRAIAR IS KL, 2 B 2 SRR Al LA B H 2 ma )
A A Ve AR S AR S BRI, X 55780 T i A S 0 X R e sk iR AR R AT 21 G AZ ( Ormosia
hosiei ) WFFEA R —BC P 02

YA YR A A KR T R R R R R Y — PR Ak, A AT LG o A ) I A R 1 3
B2 U A AL VAR W R A3 O SR, TR 2R 1 A KRR ) 1 T 55 o 1 K 14 A R R AR AR 1 A7
RS SR S T R A A A TOAS Sy, T AL BRSO AA AR A ) B S T CK, X T REJE T
AR R o2 2K — 155, o SR B HIE A 450, 3 0—0.5 mm BORRZR I o5 L], 39 AR T AR
AR R LV ROV o o T R K, AR ST U K, 7 DR 2R WSO 43 R 43 14 2 B 20 A 284 i AT
ZHTAR R X SIS PR a5 R — 2, b DR R B = T CK(30 d BRAL) | )43 B 4 <
AR PEAR R ARG RIS et T i AR AR, mT BRI A 52 W) 4 B 194 [T s K7 Tl AR R 43 T O 22 1 ) I
PEREMR R AR 5 L RRRIAR A= Wy A FO AR B I35 22 5 I T B T AR BEBURE T IAA &1y v B9 26 W 6 o
PSR, SRR A Wi AR 2R, B RS T A 4G B R B AR A1 Jacobs 51 FYRINAE P BFFEIESS AR
AW R ORI B AR, B RS BE S A KRG AR SE b T b BRI AR A2 Wi KT CK, ] R ITAE AR &2 v
A SBTAR AL B MU T RE L CK 5E 55 W0 | AR R PR g 7 34

AR B IE 73 BEAE FIZh RE -7 i i, ALY — 2 PRI A1 T RE A A= 1 i 2 BR ] 0 S 38 23 BE U 35 16 i 14
SRR E A5 B e Se i B AN >, 10—50 d, A9 28 AR IR L 4628 SR AR i 5 21 K5 08/ i)
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ABEFEF, 2 SR AR B AR R L S FE Y 200 CK AN FE R R B 18 35 22 57, o 1 a2
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JR B BB, O AR SR S ot AR A A1 R

5 % 30k ( References) ;

[ 1] Biran I, Eliassaf A. The effect of container shape on the development of roots and canopy of woody plants. Scientia Horticulturae, 1980, 12(2) .
183-193.

[ 2] Tsakaldimi M, Zagas T, Tsitsoni T, Ganatsas P. Root morphology, stem growth and field performance of seedlings of two Mediterranean evergreen
oak species raised in different container types. Plant and Soil, 2005, 278(1-2) ; 85-93.

[ 3] Nilsson U, Luoranen J, Kolstrom T, Orlander G, Puttonen P. Reforestation with planting in. northern Europe. Scandinavian Journal of Forest
Research, 2010, 25(4) ; 283-294.

[ 4] Campbell D B, Kiiskila S, Philip L J, Zwiazek J J, Jones M D. Effects of forestfloor planting and stock type on growth and root emergence of Pinus
contorta seedlings in a cold northern cutblock. New Forests, 2006, 32(2) : 145-162.

[5] =&W, ARG, R, RB0 B30, XITFE, FEE. 3 Rl O Rh SR BR R 48 2 & w1 G ARBCR T, KAl R2=2440, 2012, 40
(3): 19-23.

[6] TERE, ZE, HFHE ERRE TEERRNSIEA KRS TEEMRE. BERML R E M BARER, 2011, 35(4) ; 43-46.

[ 7] Amoroso G, Frangi P, Piatti R. Effect of container design on plant growth and root deformation of littleleaf linden and field elm. HortScience,
2010, 45(12) . 1824-1829.

[ 8] lJelic G, Topi¢ V, Butorac L, Purdevi¢ Z, Jazbec A, Oranié M. Container size and soil preparation effects on afforestation success of one year old
stone pine ( Pinus pinea L.) Seedlings in Croatian.Mediterranenan area. Sumarski List, 2014, 138(9-10) : 463-474.

[ 9] Chapman K A, Colombo S J. Early root morphology of jack pine seedlings grown in different types of container. Scandinavian Journal of Forest
Research, 2006, 21(5) ; 372-379.

[10] Junior M D, Trazzi P A, Higa A R, Seitz R A. Effect of container size and planting method on growth of a nine-years-old Pinus taeda stand.
Scientia Forestalis, 2013 ,.41(97): 7-14.

[11] Burdett A N. Understanding root growth capacity: theoretical considerations in assessing planting stock quality by means of root growth tests.
Canadian Journal of Forest Research, 1987, 17(8) . 768-775.

[12] BN, BAME, BT, R, BEEF. MO 5 E R R A A KRB A2, T EK LRFFREE, 2009, 7(5) : 48-51, 57-57.

[13] JAEFECXIFRE, W, XIS, BRavk, WatE. 3 M2 st fh i 2L B 48 20 45 W 7 0L, Mok Bl 2011, 47(10)
172-178.

[14] Gilman E.F, Harchick C, Paz M. Effect of container type on root form and growth of red maple. Journal of Environmental Horticulture, 2010, 28
(1)ed-7.

[15] ®eEm, ST, B, BRI, KRB ARFH 2B RS WA SR R AR A, A235244), 2010, 30(1) : 86-92.

[16] " Mariotti B, Maltoni A, Jacobs D F, Tani J. Container effects on growth and biomass allocation in Quercus robur and Juglans regia seedlings.
Scandinavian Journal of Forest Research, 2015, 30(5) : 401-415.

[17] Sayer S, Sung M A, Haywood S J S, James D. Longleaf pine root system development and seedling quality in response to copper root pruning and
cavity size. Southern Journal of Applied Forestry, 2011, 35(1) . 5-11.

[18] #akil, B, ek, XIHEZE, XUk, 2t SRR 2 LI BUAAR T 2 FAE A= K s, rh A2l 4L, 2013, 29(25) .
55-60.

[19] XkZe, B/, FATY, Dhikdt, DR, 205X A EARE EE m A AR RAukolR2"#4z, 2012, 40(10) ; 98-102.

[20] Marler T E, Willis D. Chemical or air root-pruning containers improve Carambola, Longan, and mango seedling root morphology and initial root

http ; //www.ecologica.cn



23 4 MHAERE AR A TR AR S A i A e 0 BCFIAR 2R A I R IR 7861

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

growth after transplanting. Journal of Environmental Horticulture, 1996, 14(2) . 47-49.

Aghai M M, Pinto J R, Davis A S. Container volume and growing density influence western larch ( Larix occidentalis Nutt.) seedling development
during nursery culture and establishment. New Forests, 2014, 45(2) . 199-213.

FRIN, Bsrsg, A, Chet I, REGNE. SATERE T F B AL K8 bR S AR BAE (L8 bR B 52 e JERTRRol K225 4, 2015, 37(1)
78-83.

WM, G, ERE, AREAT, BB R AL AR R AR R ARG AR, 2011, 31(19) : 5818-5823.
ks, R, LR, EIRE, E 0L FOLR AL R RIE SR BRI RS PE AR, 2015, 30(3) : 107-142.
Za . YA AL BRI R dbat . mAFECE L, 2000.

Van zandt P A, Tobler M A, Mouton E, Hasenstein K H, Mopper S. Positive and negative consequences of salinity stress for the growth and
reproduction of the clonal plant, fris hexagona. Journal of Ecology, 2003, 91(5) ; 837-846.

RAEHE, AR, YA, Bk, aRAEDE, BERE, XURE AL SR R RA XA AR My R SORDGE AR BN R e RS SA R 12015, 35
(19) : 6489-6495.

Pike C C, Warren J C, Montgomery R A. Allometry of early growth in selected and wild sources of white $pruce, Picea glauca ( Moench) Voss.
New Forests, 2016, 47(1) ; 131-141.

IR, T2, XI5, Dhifgdk, ALIRTS, DNSE, Toish, ARIEAE. PR FR- PR A BRI MR BR AR AIAR A= e AN BRI RIS AR
FHAERAR, 2016, 27(4) : 1046-1052.

SIRAR, AR, 22T, BRI R RIS ML Y RS R A B A A B AR AE S SR, 2012, 36(10) : 1024-1032.

G, TR, M, VPR, BREE, R, XU RS K UM R AR RIS KR T SRR B NI R L. 3SR, 2015, 35
(3): 752-760.

H§E, EIF R, B30CFE, Bt R, AR AT 40 o R R Bk K AR e o2 . AR AR, 2014, 33(3) : 618-623.

Jacobs D F, Salifu K F, Seifert J] R. Relative contribution of initial root and shoot-morphology in predicting field performance of hardwood seedlings.
New Forests, 2005, 30(2-3); 235-251.

Marler T, Musser C. Chemical and air pruning of roots influence post-transplant root traits of the critically endangered Serianthes nelsonii. Plant
Root, 2016, 10; 21-25.

SEIGESE, ST, IMVBOL. HPOCE T YA L SR R RS . A AR SRR, 2010, 34( 1) : 100-111.

Wrak, YA, BRES, WSO, AYDGA T Y B ML A B TT R R AR AR, 2013, 49(5) ; 425-436.

Mccarthy M C, Enquist B J. Consistency between'an_allometric approach and optimal partitioning theory in global patterns of plant biomass
allocation. Functional Ecology, 2007, 21(4) . 713-720.

e E, BEINAE, Fr B, SREAE, TR A A B A v R IR R AR R AR R A KRN R K G5 e . b K SRR
2014, 12(2) ; 59-64.

FEE, BIOOB, SR, AR TP O SR AR S Y X R AR R AR . A2 352 44aE, 2016, 35(6) : 1447-1452.
Villar-Salvador P, Planelles R, Enriquez E, Rubira J P. Nursery cultivation regimes, plant functional attributes, and field performance
relationships in the Mediterranean oak. Quercus ilex L. Forest Ecology and Management, 2004, 196(2-3) : 257-266.

Williams H M, South\D B, Webh A. Effects of fall irrigation on morphology and root growth potential of loblolly pine seedlings growing in sand.
South African Forestry Journal, 1988, 147(1) . 1-5.

http ; //www.ecologica.cn



