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Influences of Population Density of Plantago virginica on Its
Morphological Characters of Underground and Aboveground Organs

FANG Fang, GUO Shui-liang, HUANG Hua, CAQ Ai-er

(College of Chemistry and Life Science, Zhejiang Normal University, Jinhua 321004, China)

Abstract: Morphological indices of aboveground and underground organs of Plantago virginica were determined
using Leaf Area Analysis System (FOCTA STD 1200P) and Root Analysis System (RHIZO STD 1600+) to inves-
tigate the influence of population density on the root morphology of the plant. The indices of aboveground organs
included fresh weight, leaf number, leaf length, leaf breadth, leaf length-width ratio, leaf area, leaf perimeter, spike
weight, spike number, spike length, inflorescence length and flower number. The indices of underground organs
included root fresh weight, root length, project area, surface area, average diameter, root volume. The morphological
indices of the root were divided into nine classes according to diameter size (0 mm <D <0.5mm, 0.5 mm <D <
1.0mm, l.0mm<D <15 mm, 1.5mm<D <20 mm, 20 mm <D <2.5 mm, 2.5 mm <D <3.0 mm, 3.0 mm< D
=35mm,3.5mm<D <40mm,40mm<D <45 mmand D >4.5 mm) The relationships between the indices
and the population density were regressively analyzed. The morphological indices which have obvious relationships
with population density are leaf number, leaf area, leaf perimeter, individual fresh weight, spike weight, flower
number, spike length, root fresh weight, root length, root surface area, and root volume. The results showed that
the influence of population density on the indices of root morphology at different diameter classes were different,
and the indices of root length, root surface area, root volume, and root project area of medium diameter size were
more restricted by the population density.
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BEOMTHERAEENA i A RRNE
ABHEMENER. BNCHEEART XS
ST AR R 3 T2 53 47 b B R X HL A E AR A
IR AL R R AR A SY Y B IESE
Ji T RIBEAL,
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BRAATENE K, I AR EE XS KT
BA K. HHEHKELME RS KEFRIT M
AL B RS AR R AR ESET AT —
MRIEBRBIY L. IEFER, NREMBEESHE
DEBRZ R ERRRBITFAG AR RE, W
ZEENEXTZTF (Elymus sibiricus) FEEE B H 4
FEAEAT THIBR R, HE, IR L RE
BERX M BRI HESESH WS, RELE
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ZHIRSEIRRZBIMREENFL. REESE
HIR T P E X B R R, 53 T
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KR BRI B SRR 18 A SR R P BEOK R
FUFRTHHETESICERFR N LSBT
ASEHEE, HEMBEEENHTRENES
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1 MR I

T <5 HE T 2R AT VLT 9 DK 2 2 b P9 B9 A () A B
WAL 14 ML, BEHB K /DA 1 mx] m, BEH 19-
1460 ¥k m2. TEILEFRHEBEEKHEGC A L
), NS ERENED 14 BRI RS TS
b, BEANMASEE RE EHEN EHE ERK.
e85, 2R )5 AT 53 #7 (L (FOCTA STD 1200P) 4>
A TR A R 4G, B AR R 4 T (U(RHIZO STD
1600 X R R & SR HIT N, BFERE. L
RE EBREER BBLRERBREVFYE

B M EFERAKE REBEH. HREMER
(mm) 4} B 0.0<D=<0.5. 0.5<D<1.0. 1.0<D=<1.5.
1.5<D =2.0.2.0<D <2.5.2.5<D <3.0.3.0<D <3.5.
4.0<D=4.5 f1 D>4.5 % 9 NEE, 55 & Z R
FAR K R R A R EH L AR RS8R
LI B & ATRIRYE 14 BRI F3ME, A& MEE
HMAG TG th&ESEIREMREEN SR’ XA,
B3O G B K B[] 13 7 72 1 iR Fh BE 3 XY e A&
TRVRRIHILVER . FATEIF SR, R EIE N 0,
M ZE— R AE 0.00001 J5 F#E1T BT 54

VA AR M B B AR AR KB 29°13'N, 1189527
E, 4 1l 2 RS A%, 1) 3 B (K IE -9.8°C, IRIm B /&
W A413°C, FHEE 17.2C, LA¥YHEE
291C, —HA¥HEE S51C, =210CEHEN
5504.5°C, FE[F/KEE 1500-1 800 mm 2 [H].
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Table 1 Data for aboveground organs of Plantago virginica in populations with different densities

e MR amrm [KOHEOERE ggp MRE gepme encen TR swex
Densit_); weight Leaf number length width  width Leaf azrea perimeter We%ght per  Spike number lez eth Flower mlxmber

(Ind. m™) © 1nd.") per plant ©m) (cm) ratio (cm”) (cm) spike (g) per plant (cm) per spike
19 28.423 22.50 855 271 3.16 15.03 8.85 10.79 11.83 14.90 171.38
22 13.19 7.67 11.08 255 4.34 13.54 15.17 6.90 6.67 14.25 177.42
28 2.57 6.60 5.76 1.90 3.02 6.32 11.27 0.69 3.10 7.00 70.43
4 - 144 10.00 792 232 341 10.02 14.91 2.67 5.86 9.92 76.29
60 5.85 5.92 860 255 337 11.80 11.49 2.16 3.09 B.86 142.61
71 2.75 5.94 709 225 315 8.63 8.26 0.88 3.06 7.79 41.75
243 4.60 4.48 9.31 2.33 4.00 10.06 14.35 2.06 2.19 10.40 124.11
278 0.46 2.50 4.56 1.31 348 2.93 8.57 0.17 1.00 2.90 38.79
301 1.31 5.62 4.32 1.47 2.95 3.83 9.96 0.18 2.62 2719 29.04
381 1.34 491 517  1.57 3.30 4.29 8.57 0.54 2.36 5.35 66.98
448 1.67 4.10 6.54 190 345 6.73 731 0.71 1.53 7.37 96.99
950 0.66 3.00 225 1.20 1.87 1.24 5.37 0.31 2.00 3.55 46.17
1245 041 4.00 3.03 1.23 2.46 1.72 6.54 0.13 1.00 2.88 3376
1459 0.21 333 3.42 1.12 3.06 1.69 6.19 0.01 1.00 2.03 21.83

Ind.= #k Individual

R2EREWEIBENSY ) STE o BMHEXNY
Table 2 Correlation between parameters (y) of aboveground organs of Plantago virginica and population density (x)

72 R Equation % ¥ Correlation coefficient

I % Leaf number y=124.062x 2 0.6494"
it Leaf length y="17.789 ¢ "% 0.6464"
Pt ELeaf width y=4.507x 1" 0.71367"
I 3 b Leaf length-width ratio y =3480 ¢ 0% 03327

T #ALeaf area y =59.675 x 4% 0.7402"
Bt K Leaf perimeter y =11.420 ¢ *%% 0.5676"
45 ¥k & Fresh weight per plant y =141.100 x %% 0.7781"
G E Weight per spike y =96.248 x 777 0.6679"
5 ML B Flower number per spike y = 22.182 x 0428 0.7461"
FEH K Spike length y =36.525x 0% 0.6754"
2% Spike number y =326.000 x >3 0.4805

N=14; *Hl ** 5 5&RR7E0.05 7 0.01 KFELEFEE. HREFEHK *and ** represent
significances at p=0.05 and 0.01, respectively.
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Table 3 Data for the roots of Plantago virginica in populations with different densities

#PDensity #RERoot FIYEFEMean MKRoot REFLEM Root FRiWHiSurface WA Root
(Ind. m?) weight (g Ind.') diameter (nm) length (cm) project area (cm?) area (cm’) volume (cm’)
19 0.47 0.74 84.39 6.07 19.06 0.35
22 0.31 0.41 136.66 5.82 18.27 0.20
28 0.09 0.40 52.70 2.07 6.52 0.07
44 0.24 0.36 142.61 5.20 16.34 0.15
60 0.25 0.37 138.21 5.38 16.90 0.17
71 0.08 034 57.40 1.94 6.08 0.05
243 0.03 0.39 172.47 6.86 21.56 0.22
278 0.03 0.29 37.12 1.07 3.37 0.02
301 0.10 0.40 45.67 1.86 5.84 0.06
381 0.05 0.33 38.88 1.25 394 0.03
448 0.06 0.35 64.61 2.29 7.19 0.06
950 0.05 0.29 50.91 1.48 4.66 0.03
1245 0.02 0.27 24.78 0.67 2.12 0.01
1459 0.02 0.24 29.56 0.73 2.28 0.01

MFE 4 harsn, X EFRRERE CFYE
BEEBMHXMLEE, RV REREHEA
B SEE M RBIREEAKY. SRERA
0-3.0 mm i, BEFE M EL AR K, IRK R R .
BB R SEE AP ARG R, BER
& 0.5-1.0 mm B}, XM LB EE KV, RER
1.0-3.0 mm, FH R PEIA B 1] 2 E K F; KT 3.0 mm,
Bt & MR B4R 3 X, AH 5% 2 B T 8D, 5 ] B
MHARAHARE. WHIEEEMMBEEENEALKNT
3.0 mm B/ F 0.5 mm BIRFILEFAARHE, mxd
B2 T 0.5 mm 5 3.0 mm 2 8] IAR A 5 58 i
AVEM, LHE 25 mm 5 3.0mm 28, FEHY
MR, [FE, LR EFMEEE SHTH> &
A¥SH B AFHERI M.

ANIF) B A2 5 2R B AR BT 24 52 B b B o R | 29
HIERERAER .. U —SEBEHDEENTE
(x), SLE R AL W I A S P B [ 8] O R A K
RECHFEZ R (y), S AEBEARZH KR K REL R
AR AR 4 R 1 AR AR A4 B % P B o R I 0 R B
SEEEAT RS TE ). T RATHEERK
MRS S HEZMHEEEHAEARHE.

4 18

Silvertown Ak PP BEF IR, BES
HHREYRLSFHLE NI R, FEXILEER

RS RKBHEESHEAYRINEE, WM
PREEAR KN B R BIH 12, R KR
Blsh. R KRB T AR B AETE &, AR
HHEEARAHERZWILXEHIMTE. SHTE
FH/TORK RER P EREHASHALL,
JeRZFEAM EEo RS M B ESE SR
RERASURIMBEEEHAERAENNE, B
BB THEZEKF.

M B 5) 0 A (A B R T B R A
W B B E BRI, BB R B Ay
FHEHE R, WM B R E R R A
WP ERE. L, REMERZBMEE R
Wi f A B, HREE R R A SRR Bl RR B K
-, MRER BRI AR AR B AR 1 3 L A R
R R AR KB Y, BB BE MK
RTHEEARFROVBEESE S ZBMBT K
fIm, TRER B b4t ThEHERERMREKE
K, AEN S RBSEN Gt K, & T %
WL H LR EATE R RIE R 58 R A0 T R B T
EKHIEM.

BRK R 55 8 AT 5 4k 56 2 A M B A B XS b B
RIS HILAERY, MR ERE S LRSS
FIAR AKX LA P E S, AT RERATTR
BT EDCRE B ] 17, b B 2 FRE 0 W 2 16 P G 80T 18
BFAEE. S5, AFEE AL E TR R B 7
WIEREE K R EE RO BB PR R0
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Table 4 Correlation between parameters (y) of underground organs of Plantago virginica and population density (x)

7772 Equation H H/E(n) Freedom  #3£ A Correlation coefficient
RE Root Weight ¥ = 1.5829, 8 13 0.7407"
fR1 Root Length y = 252.79¢ 0% 13 0.5925"
R HH B I Root project area y = 17.9745 0% 3 0.5685"
R &2 i 1 Root surface area y = 56412, 0% 3 0.5686"
HE T EH 4% Average root diameter v = 0.7036x° 57 3 05717"
AREH! Root volume y = 1.3445; 095 13 0.6489"
R 0.0mm<D<0.5mm ¥ = 159.445 %7 13 0.3246
Root length 0.5mm<D<[.0mm y = 13.155¢° 13 0.5855
1.0mm<D<1.5mm ¥ =3.0425¢0 % 13 0.6435"
1.5mm<D<2.0mm y = 14731 %> 13 0.5572"
2.0mm<D<2.5mm y =0.7384¢ %% 13 0.6709™
2.5mm<D<3.0mm y =0.5393¢ 0% 13 07513
3.0mm<D<3.5mm ¥ =0.4827¢°%% 13 0.8190"
4.0mm<D<4.5mm y = 1071157 8% 13 0.6756"
D>4.5mm y = 11527y %% 13 0.5851"
Bl 0.0mm<D<0.5mm y =4.1728¢° %% 13 04318
Root surface area 1.0mm<D=<1,5mm ¥ = 1.1194¢ 0% 13 0.6469™
1.5mm<D<2.0mm y =0.6443¢0 % 13 0.6335"
2.0mm<D<2.5mm y =0.5041¢7 13 0.6777"
2.5mm<D<3.0mm y =0.488¢° "1 13 0.6713"
3.0mm<D<3.5mm y =0.4868¢" " 13 0.8176"
3.5mmeD<4.0mm y =0.1064¢ = 13 06214
4.0mm<D <4.5mm y =0.0923¢ 0 %% 13 0.6955™
D>4.5mm y =0.1109¢*%7 13 0.5535"
R 0.0mm<D<<0.5mm y = 1.3314¢° %% 13 0.4340
Root project area 0.5mm<D< [.0mm y =0.8308¢™ > 13 0.5880"
1.0mm<D<1.5mm y =0.3561¢ 13 0.6424™
[.5mm<D<2.0mm y =0.2016¢>%™ 13 0.6189
2.0mm<D<2.5mm y = 1.8707x °%% 13 0.5874"
2.5mm<D<3.0mm y =0.2444 0% 13 0.8420™
3.0mm<D<3.5mm y =0.1705¢ 0% 13 0.7998**
4.0mm<D<4.5mm v = 1764.75 %% 13 0.6574"
D>4.5mm y =0.0162¢° %7 13 0.4344
xR 0.0mm<D<0.5mm y =0.026¢° % 13 0.3925
Root volume 0.5mm<D<1.0mm y =0.1737x 0% 13 0.4600
1.0mm<D<(.5mm y = 0.0368¢ %8 13 0.53717
[.5mm<D <2.0mm y = 0.0266¢ 7% 13 0.4993
2.0mm<D<2.5mm y =0.0207¢° %" 13 0.5313
2.5mm<D<3.0mm y =0.025¢° 13 0.6546
3.0mm<D<3.5mm y =0.0182¢ 00" 13 0.5494"
4.0mm<D<4.5mm y =3.4465; 1 *"! 13 0.4502
D>4.5mm y=-0.0424Ln(x) + 0.2737 13 0.3141

*F 22 5 BIRORTE 0.05 A1 0.01 KPLiABIEE BT AT * and ** represent significances at p=0.05 and 0.01, respectively.

a6, SURRPE IR . 1E A I I LT
TERAE A 77 75 TR BT 088 R0 4 A2 R 20 b 7 BB 1
ARBOFTEE, JbREHHE ERA 2 #of

TR RMARERE . B, b T R
PP B AL RS A 2 10T SR S 4k b T
HOR, OREFFP T AR B2 1.
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Fig. 1 Relationship between mean value of root diameter classes and correlation coefficient
of population density with root indexes for related diameter classes
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