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B RFAR ZR A G- 24 i R /N A AR AR L Sk SR R M 55 1 5 50 o 38 5 T A E W T B
SRS A B Z R AN, (3) BAR 2 mm DA B BEBRAR AR Ak 2 ik R B A R, B A%
s MR R AT AT R (4) RO R T, 13 TR R S5 H RIOT R & A8 b 4 )5 i 2
AT 5T BT 22 TTRRARIE 62% , PCA BUF il i/ i SRR AR 01073 2 mm LR 89 W SOREE AT 2 mm DL E A9
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Anatomical structure, hydraulic traits and
carbon-nitrogen contents of Quercus variabilis roots

SHU Lixiang', XI Guorong', LI Yue’e', WANG Xiaoxue’, MA Chuang'*, WANG Bolin'

( 1. College of Horticulture and Landscape, Tianjin Agricultural University, Tianjin 300384, China;
2. College of Forestry, Nanjing Forestry University, Nanjing 210037, China )

Abstract; To explore the dynamic of internal structure of Quercus variabilis roots with increasing diameter and detect the
rational criteria for the division of its roots, the roots of one-year-old Q. variabilis seedlings were divided into four diame-

ter classes: 1 mm, 1-2 mm, 2-3 mm and 3—-4 mm. These roots were made paraffin sections separately to observe ana-
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tomical structure and determine hydraulic traits of xylem. The carbon and nitrogen content were detected with carbon/ni-

trogen ratios. These roots were divided by principal component method. The results were as follows: (1) The thickness of

periderm, phloem and cambium of Q. variabilis roots increased with the increase of diameter class, while their percent-

age decreased. The diameter and percentage of xylem showed the increasing trend. (2) The mean maximum and mini-

mum vessel diameters, root specific hydraulic conductivity and embolism vulnerability index of xylem increased signifi-

cantly in the roots with the diameter above 2 mm. The vessel density decreased and the percentage of vessel area to xylem

area altered without significance. (3) The carbon content in the roots with the diameter above 2 mm increased signifi-

cantly. With the increase of diameter class, the root nitrogen content decreased and the carbon/nitrogen ratio

increased. (4) The principal component analysis showed that the variance contribution of the first two principal compo-

nents reached 62% after dimensionality reduction of 13 root structure and element content indexes. PCA biplot indicated

that the roots of Q. variabilis were divided into two groups: absorbing root group in diameter below 2 mm and transporting

root group above 2 mm. It is concluded that 2 mm is the criterion for fine root classification of Q. variabilis, which is

more accurate with both morphological and functional characteristics.

Key words: fine roots, xylem, specific hydraulic conductivity, embolism vulnerability, caron/nitrogen ratio

AR Z2 2 BB 25 R0 A= B T 68 =y B S o 1Y)
AR H W ) B2 B ( Wells & Eissenstat, 2002 ; Guo
etal., 2004) ., Hrf 4R HR R SAEYER 3% ~
30% , A & B I FE T AR AR 1Y 10% ~ 75%
(Jackson et al., 1997) . 4HAR AR 43l 57 H A= #1
FAERTIRERY A4 . Wang et al. (2006 ) 2K R 7
PME 5T 35 A (Larix gmelinii ) F17K f M ( Fraxinus
mandshurica) W] 41 HR 73 3 45 #9 FIJE 2%, Xiao et al.
(2008) 2k H 2 9% 1 W 9% 1 #E ( Betula platyphylla )
ANAR A 77 ) AR B R AR RN Bh 5 T, 9K AR
A5 (2010) K 5 KA XARARGEAR Kl 73 4 A
g, X 4 (2002) R 5 mm X 84 R
( Quercus aliena var. acuteserrata ) A0 AR HE 47 R 43
SR, 3% LLR) 73 AR I 4 AR A8 BB A = Xy
FRAE AL Y 22 S 1 a0 Mo TR, AT 00 B AR ) 45 4
FUK IR R IIR R B 5 IIRENY G R
— L FE MY AR BB

¥ Jz Bk ( Quercus variabilis ) 1€ 3% [ 70 43 |12
(99°—122°E,22°—42°N) , MU 28 i 5 i
I 2 S 3 AR R EL AT T AR R OK
PR, o E B 1 28 T A R (5K SO S, 20045 J] 2
=, 2010) o 78R KRR FR S O T, R AR
(2014) M7 75 Wria TR R R, D
345 (2013 ) S BT T S [ b 304317 A4 B A 401 v AR R
TERASHY 22 53, A5G H AR 2 il 151 235+ R K ) e 1k

BT FEI0 R LA e e MR B ] v i AR S A AR
FAER A, 38 a3 FAIT 5T AT LAAS 2 ) BA AR S )
HRAR IS R AR AL, 18 MRS B, Y
b, ARSI KBRS ], o3 B L 4 ZRAR AR 1O fift
R K ITREIE A Bt 5 o, H AR R TR I
BRAR AR A DA 50 45 A ot A A A R, %o B R AR
YR AR TR R RAEREL,

1 #HEF*

1.1 HmXE&E

DAZEAR 1 AR e AR SEAE B A RE, 2017 4F
4 F1 Pk 1w AL Bz AR B T b T RN —StE A
OB SR L R IR A M SR e 1 1 HR R
o KW ETREBERERRE,Z AROLR, &
Y IR E 21.2~28.9 C YR EE 25.1% ~
30.8% ., 2017 4F 9 J1, ¥ £ my B Al b 4% — B9 fat
RS B2 BRA T 10 K, 45 4 AR R S8 B B O w vk
T, B Y AT o AR R 1 mm R GEE R 53 R
I<lmm 1< <2 mm2<ll <3 mm . 3<V<
4 mmPU NG (R 1), HTHREARY R, 51
Z:lﬁﬁééﬁﬂﬁgﬁtﬁl%%(7o °C,5 min) ,ﬂi/ﬂ%ﬁﬁ,
FHF 00 2 e 28 4t
1.2 AV R HIME
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Table 1  Statistical information of Quercus variabilis roots
e P EAR SN /M A5 5
. Average Maximum Minimum %
Diameter . EXi
lass diameter value value v
(mm) (mm) (mm)
| 0.582+0.049d 0.92 0.35 15.21
I 1.538+0.024¢ 1.67 1.37 6.07
I 2.669+0.074b 2.94 2.34 8.41
v 3.294+0.104a 3.76 3.03 9.52

T ARFRRRESR RH(P<0.05), T,
Note: Different letters indicate the significant differences ( P<
0.05). The same below.

(FAA:70 %W k5 90 mL+Z 18 5 mL+4& /R Ak 5
mL) FERTE, S SR T 4T BE e RE K
Rig W RO W A A AR D IR (2R R
2009) . R Leica RM2235 ¥) F#LYI H, Y1 A )&
JEN 8 pwm , 285 W B BIIRVR BE i B ) LA K R
e 2 41— 4 B2 Y2 5 i 7K 8 B, I s i & KR
W3t R M R SRR SR (B 953845, 2015)
1.3 R & S4B RN E

K Leica DM4000B A= ¥ I 734 B8 WL 22, Leica
DFC450 CCD #i% 8 & ge 4t M, {1 Motic 3000
BUG FR Ge i A% K BRAR 1 J B 90 K T B2 A
K EHLURRE , HE 518 A4 A 28U R
SRR EARRY A (oK AR AESE, 2016)
1.4 KA1 45 N E

K H T-mage B A4%5 A 85 U1 v AR 5T 38 7K 77 1k
febrRortr, e PR K SEHR (), PR
INFEER(d,,,) T8 BB (AR AR BT A AR
AR E A8, VD) R T AR A AR R A
R T BURY L (A, /A,,, %)« BREEFKEK,
(kg - m" - s - MPa™) ] | Hagen-Poiseuille 2%z
(Tyree & Ewers, 1991) 15 .
i"Tp 4

larlum

A .p HIKAE 20 °C I} %8 B (998.205 kg -
m”) ;n HIKTE 20 °C B ARG A 2R 800 (1.002% 107
MPa - ™) o 5T B 5 45 1 R I e AT R AR B 1

B HAE TF /AR (Martre et al., 2010) &1F .

K}z p =

ol

8d.,,, + 8d,,

Kred,, N d,, 20 0 AR BT A8 Y B K
/N EAE

FRA I F A4 2 B 555 1 48 B8R H 3 58 s 3 B
"5 FEREZ L VI KM (Pate et al., 1995)
1.5 B BEENE

BORE R AR RS FW100 A& 37
W REHL PR B, R AR 100 H . B 10 mg #3 i
JERES, A VarioEL I 9 5C & 43 #1 4 ( £ [ Ele-
mentar /A 7 ) HI SR A A RS R (BN A
2008) .
1.6 HiE4 12

K SPSS18.0 Xf A [R] 42 2 A 7 g 11 4544 7K
TIEME Kok & TR bR E AT — 4 T Z R
( ANOVA Duncan a=0.05) , ffi i Sigmaplot 13.0 £
K, KH Canoco 5.0 X} LR R &5 FIOC R & &=
1) 13 46 bR 247 o3 20 B (PCA) |, Jf 2 i X
JFEL

Thum =

2 R 59

2.1 AEARRZEEHRRMBI LN

E Ay IR SN NER S Y NG A = =
WLEE R A AR R AE 0.3 ~0.7 mm Z [ HLH
1A 5 ) R AR G5 B R G L3R B R )
TR B T AR I B AR AR G 1 38 i n JE
(F2), Hh 5EHA<] mm BEMIL, HE 1~
2.2~3 Ml 3~4 mm MR FR MY JE R R BE 5 5 36 n T
80.65% .71.33% 1 116.21% , %5 W3, K 51z
FEEMR R AR 2 mm DL BB B TR, A
B JREE BN A A £ 5 A ) A AN R BB RN
FERZIRE ST (ARG T £ S5R R AP RS,

FE PR 2R 455 HE B0 R B 48 8 U2 FI R
JRARAL N, Bl AR B BN, B R MR AR R ) R
JERE BB R SR R R (K 2), 5
HAE<1 mm MAEMI, HE 1~2.2~3 fl 3~4 mm
HEZR 9 ) Bz 38 S 259 R B 43 5 35 i T 60.03% |
179.71% 1 181.76% , 2= - Y i 3 . W) B i 42 L
P63 mm UL AR R AR R K B HRAR RO
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Table 2 Anatomical structure of Quercus variabilis

roots in different diameter classes

JEl Bz IRz AR
7% Pericerp Phloem
Diameter
class JEpE difELL JELpE difelt
Te (pm) Re (%) Te (pm) Re (%)
1 25.22+2.12b 2.93+0.16a  85.48+17.35¢  9.72+1.60a
I 45.56+3.08a 2.98+0.22a  136.80+14.06b  8.91+0.27ab
I 43.21+5.53a 1.59+0.17b  239.10+£12.59a  8.96+0.41ab
v 54.53+3.31a 1.68+0.13b  240.85+19.39a  7.35+0.33b
HEETE )2 ENG
7% Vascular cambium Xylem
Diameter
class 5 difELL HZ difeLl
Te (pm) Re (%) Te (pm) Re (%)
| 51.09+10.97b  5.70£0.99a  697.13+32.79d  81.65+2.38¢
I 75.25+5.49a 4.80+0.35a  1281.31+23.86c 83.22+0.50bc
I 93.06+5.61a 3.51+0.24b  2293.82+66.18b 85.94+0.49ab
v 80.48+5.10a 2.47+0.19b  2918.69+104.40a 88.51+0.53a

TR B L AR L 3 B A A 8 g v i (3R
2), SHAEST mm RRML, AR FTH ER 5 511
T 1.8 5 3.2/ 4.2 5, 2705, BEERR
AYEE LR EBEAE EHAZ 1 mm DL BRI 25,
2.2 AEEREEEHRRAK DG

HIE 1A, B AT, # B BRAR 3R OF 24 K Rl A
NFE HEMARBERI MM, SHAZ<1 mm
WERM, B 1~2.2~3 3~4 mm B R FEHE K
SEHBRS NN T 10.9% 23.4% 1 41.9% , 2%
SWE, MK 2 mm PR R FSRADNGE
HETZESR.

T LS B AR AR R B ARG 0 T R A
(K1:C), 5EAR<1 mmBEML, HFE1~2
mm MR R FERE BT 2ER, MERE2~3 M3~
4 mm BRI THET 33.9%HM 27.8%, WRENT
B A AT A 2 e R [ 42 AR & (8]
EX55 (K 1:D),

HR LT 7K 3R g LA AR A I S T R B T
T BE TS 1 7K 9 T 2, B B TR A S5 R R A K o
HisOR, AR REHIEN, # HRAR 5K %

ke ZE g MR 2 E (B 1.E,F), 5
HAE<I mm RAEAMIL, HEFE1~2.2~3.3~4 mm
MRS ACR B IN T 92.7% ,230.8% F1280.6%
T A% 2 e 55 1 45 25 00 5 38 T 48.5% . 76.2% Fil
103.3%, Uil BEE R R (380, K5 B FoC %
FA 3% BE T 3
23 AEREREBRER . TE=ERHKALL

B R 3D 2 ¥ A A ) 2 5 A R A BRI
WHREITER, 1R 3 0[5, 8RR R Bk &
B A R BRI, {2 2 mm DR AR R
TELRFEES, MR RPAE S EHEEAR N2
TR CHERRT 2 om MR RASELEE
ZE5E B HRAR R B L LU B AR AR A i
Hm,5EA<1 mm RAEMI, HH 1~2.2~3,
3~4 mm B AEBA L HIHE AT 30.1% .30.5% Al
49.5% , 5% W3, LRI AR R Br i BT
oA,
2.4 ERTTH

SR T2 B A3 B 5 5 X6 R WA B MR AR ZR 45 44 A
JCEF Y 13 W bR b2, 75 7 2 07 19 43 A
SRR 4 FR, B/ 2 A F 0 E AR RAR R AR
S EM 62%, Hh MHFKRE EAFEH
T e S G 55 P 8 B A R AR S RN 45 g S R B ot
51 FE o vT AR A K, R T K A B il 1 5B g
NERRYBET R F FEH, A& EXNSE 2 £
WD, B IEAH G R RAE % 50 &=
1553 e, FLF WA R e ) A

HRPEA R R HAR R AH KR ARAERT 2 E 50 =1
o lm s PCA XUF K, HIE 2 AT, AR <1
mm Al 1~2 mm R R FEAALER 2 2,51,
5953 IRAAH DA, Ul I H A e A AT
AR A B B ) A B O RE T . EAR 2~3 M
3~4 mm MR EEE PR 4 W, W 1,
553 RIRA D i oA, e WY H 5 4 T ) 48 S K
ST TEAR Z T B2 ORI B AR A BRAR I KT

3 Wik 54#

3.1 B EHRRABHEHHERST
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Fig. 1

®3 FEARAERHREK . ASERKALL
Table 3 Carbon content, nitrogen content and carbon/
nitrogen ratio of Quercus variabilis roots

in different diameter classes

Hydraulic traits of Quercus variabilis roots in different diameter classes

GRARMHHL, 2 00 W 5 FRE & ) Bl 245 i 5 4
U FHT I b 1) B K RE O . T AL A (2008) A
LW Z ( Phellodendron amurense) 4HARE |t %P1
AR EAR I R/ 5 4E 48 ) B AR 118 52 TE A OG

B N oo AR AR T 07 3 AR A
(me ) (meve) N g g g8 51 G # 006 DO M E TR R
I 424.01+2.13¢  13.14x1.21a  33.18+ 6.72b ﬁ_@gﬂé{:{ﬂgﬁzﬁo ﬁj‘gﬁﬁ,iuﬂ%%(zol4)ﬁ}%ffﬁ
I 426.32+1.65¢ 11.53+1.25ab  43.15+8.71a ﬁ*ﬁﬁggﬁ%x{i%@ﬁémﬂ@ﬁ%ﬁ%’ E%ﬁ%
ii| 434.25+1.56b  10.62+1.26b  43.30x11.67a ﬁﬂﬂﬁﬁﬁé%ugﬁﬁééo ﬁﬂﬁg%{f&g&*ﬁﬂgi*ﬂi
\Y 447.91+1.27a 9.71+1.14b 49.62+14.76a

NN AR 32 2R MR T, TDRLAR 171 53 7K 3 F -
UK Z i ( Pregitzer et al., 2002; T [a] 58 4%,
2005) o TEAMIESE MR 5 & 2H 400 J2 5 2 Bl A 2
(A3 TS N, AR K T 12 ) e 3 % A R 4
FH ) TR LU 328 5 T B, AR T8 1) BT R L f51) 38 54
XA B R TR R T EE B EE A, Bl

B AEAERKAX, Wik, ERNZELRETE — &
PR b RBRAR R R HKF
32 AEIREREHRAKNFENES

PN AR i IR = S E I = o i |
LU BHLIE S5 thoE 1 K5y T i JC 3R 78
FR 2 1 12 B 30K ( Tyree & Ewers, 2010; Hacke
etal., 2016) , ABTIE oR, B & 72 90 19 m, 14
AR R PR R /N BRI R B
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Table 4 Component matrix of Quercus variabilis

root characteristics

F ok
R R HE Principal component
Root characteristics
PCl1 PC2

JA %z Pericerp 0.442 0.306
1 2 % Phloem 0.737 0.478
4G )2 Vascular cambium 0.439 0.163
ARFTH Xylem 0.739 0.427
385 K R4S BLAR Mean d,,, 0.788 0.041
X /N FE AR Mean d,, 0.673 0.297
BB Vessel density -0.759 0.119
FEHMGARRHEMRZIL A, /A, 0. 583 -0.345
MR K, 0.906 0.100
T 22 e 55 P46 B VI 0.797 0.025
& Carbon content 0.723 0.326
A & Nitrogen content -0.350 0.739
%A Lt Carbon/Nitrogen ratio 0.359 0.711
77 2% BBk % Variance contribution 31.784 30.956
i 22 5Tk Accumulative variance  31.784 62.739

I A8 R T K, 3R W] B PR AR ARl 1)
JKBE T Y 4 ey 2 o 14 0 4 ELAR I By AR
BT AU AR 1RGSR A AR AL T A
ol Tz S iR A i e AR K A BEL D ( Gebauer &
Volari, 2013) , SLZR K% (2015) BF5E & B, v il
JEVPHI( Salix psammohila) 155 2% 5 1E F X K 70 B0 75
KOHMAN FE HERE TR, FEARRS,2
mm DL b AR B AR AR R LG K 3 I 2, B i
BRHEMADK B DEER T 2 mm LT, R
S5 (2014) WHFE IR B | B A OREL 19 A B2 AR AR AR A
X f K R, SR, A 5E R B, BE AR G
I, R R A i 55 M A HR L 5 G ks e BT Oy 4
FEA TR i 1 K BE 7, AR AR AR A 2 B XU
BTN (RPE PRI T, 2012) . X AR 4
AR B KA & (Hargrave et al., 2010)
33 AEREEEFRAR ASERKRALNESR
AR A= BT RE bR 5 Al S a5 M A7 Ko, 18 52

40 &
Q
=
2
<
7}
s P
=
g ol N
9] 2 y |
o e L]
o9 v Od?/
© v /
[oX 7 /
-— 7
/
e ;o 4 i -
= 7/ A 7 - N
[ // // vl 3
a / v L -
PC2 |/ Vo A 7% \
o° 5 (=}
5 / // 28 e II
o / 24 < O o
o i - 7 <><> 7
» 1 s ’ =]
o \ e // 7 //
e & 5
- / s
II]|IHH g + 7
s ! Vi
KR i e
H .- )
o~ i e
% 0
o N .-
N -
— e =

$1EHE The first principal component

F=MAFRRER <] mm RF;BIERREHR 1~2 mm R
A BMIOREAR 2~3 mm A IETT RN AR 3~4 mm
MWER,

Inverted triangle mean roots <1 mm in diameter; Circle mean
roots 1-2 mm in diameter; Star mean roots 2—3 mm in diameter;

Square mean roots 3-4 mm in diameter.

K2 ARG B R A AL PCA XUT & L7 A
Fig. 2 Distribution of Quercus variabilis roots in different

diameter classes on PCA biplot

e A ICER TR AYSZ A ( Chen et al., 2017), A<
MR R, BEE BRI, R ERARATET
Wit TR 5 2 RIRIR 280 EL T v R 3R AR A i A
R AR BRI Y L b R, b ok BT TR Ak RS
PR R (R IFIT S, 2011) , AT AZ SR
REALG, e W e oy R 0 55 ) i R A ( B IR
L 2010) T 7K 53 F1 SR 53 76 A 5 B4 b 1) 32
FEARGEZEE B MK T RN R (A L7
1999) , A LA HH A AR 22 75 B2 T8 22 () e A 2 i 3 41
41, W% (2011) & Bl 4R e AR R AR A
PR ONIOLT s
ANAR 1 ) B S 22 B IR 2 10 5 5 B T 1) 4

HLal DU 25 a3 A 6 ok T 4 4 AR 2L A SR BR T
(B INAFEE, 2016) , AHF5E R 36 B4 19 7 2 %
ZAFEARREYE | 2 IR AR IO AR 8 R mT 40 40 o I
AR FEFNiZ AR BE P2, AT 20 2 mm DL FAR
R, HA LS IR & 2= AR T 5 1 Wl fE
J1 MG #E 20 2 mm DL AR &R P38 45 F o i
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o] TS KN R ROR . DA A 2 #E R L 2R
¥k ( Quercus liaotungensis) (AP %55, 2018) 5 i ¥k
( Q. mongolicus) ( 5K 7= % F4E & [, 2007 ) | Bk Bk
(Q. acutissima) (& SCHi 55, 2017 ) 5 WA BRA BY
5 2 LA 2 mm 1 X050 40AR 09 b i 31X 5 A F
FAW—B IR AL T I RE nY 0 AR %) 43 J7
2, BB R TR TR bR, SIS BB AR & 1 N A
SEFDIRE By S BV O A AR R A B B T AT AT By 7
5 (McCormack et al., 2015) , K17, A< WF 5% DA f
B BR AR R RE, PR — | A R BT ] 4F
W AR i T] DL K AN [ 57 b 25 0 1 I e it o, gk —
A 58 38 AR 0] 43 i BRIS B E
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