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Research on the architectural characteristics and growth dynamics of two plants

root in vertical greenery systems

XING Qiang, QIN Jun, HU Yonghong”
Urban Horticulture Research and Extension Center, Shanghai Chenshan Botanical Garden, Shanghai 201602, China

Abstract: In this experiment, two species of Vinca major ‘ Variegata’ and Trachelospermum jasminoides ‘ Variegatum’ ,
which belong to the same family of Apocynaceae were studied. Five pots are randomly selected for repeat testing each year.
The above-ground biomass, root to shoot ratio, root biomass and morphological indicators such as root length, diameter,
surface area, volume, root tip number, and root forks were selected to analyze the changes in root architecture
characteristics and growth dynamics with increasing seedling age. The purpose of this experiment is to prolong plant life for
long-term utilization, and to develop low-maintenance technologies. Quantifying the time node and measurement indicators
of plant growth and degradation due to root limitation. The results showed that; 1) The root biomass and root length, root
surface area, root volume, number of root forks, and number of root tips of the two plants all reached their peak in the third
year after the plants were put on the wall and then began to decline, and the 3rd year can be used as a measurement point

for the degradation of plant root growth restricted by the root domain ; the root to shoot ratio was delayed by one year to reach
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its lowest level by 2020, reflecting that the restricted growth of the underground root system actually preceded the observed
degradation of branches and leaves.2) Root length, root surface area, root volume, and root tip number can be used as
measures , and root volume can be the main measure in terms of the significance of variability and correlation compared. The
percentage of root volume of the 2 plants with restricted growth was 1.8% and 2.2%. 3) Both two species’ root to shoot ratio
and morphological indicators exhibited consistent trends, however the variation of Vinca major ¢ Variegata’ was larger than
Trachelospermum jasminoides ‘ Variegatum’ ; the average root diameter of Vinca major ¢ Variegata’ displayed a continuous
fluctuation pattern distinct from that of Trachelospermum jasminoides ‘ Variegatum’ . The similarities and variations between
the two species’ reflect to the root domain’s volume limitation: Trachelospermum jasminoides ‘ Variegatum’ , the climbing
type with well-developed adventitious roots adapts to environmental changes through inter-grade turnover of root diameter
when limited by the root domain; Vinca major ¢ Variegata’ , whose root system is concentrated in a fixed container, adapts

to environmental changes through inter-grade turnover of root diameter when limited by the root domain.

Key Words: urban ecology; vertical greenery system; root restriction; biomass; roots morphological characteristics
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Fig.1 Growth of roots biomass,root to shoot ratio and above-ground biomass with seedling ages
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Fig.2 Growth of root length,root avgdiam,root surface area, root volume, number of root tip and fork with seedling ages
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Table 1 Variation characteristics of quantitative characters in two lianas

B Rk Y H/MiE SN Pl bR AR
Quantitative . Minimum Maximum ) Standard Coefficient
Species Mean value . .
character value value deviation of variation/ %
AGB Vm 3.76 17.58 11.66 4.54 38.9%
Tj 7.23 12.71 10.81 1.88 17.4%
RB Vm 3.18 13.88 6.70 3.39 50.7%
Tj 3.59 9.17 6.05 1.74 28.7%
RSR Vm 0.35 1.04 0.61 0.22 36.6%
Tj 0.28 0.83 0.53 0.17 32.4%
LPV Vm 624.54 14426.41 3880.04 4840.38 124.8%
Tj 523.08 10371.54 2484.60 3242.41 130.5%
SA Vm 104.74 2284.52 704.42 757.94 107.6%
Tj 75.70 1664.27 486.18 543.17 111.7%
AD Vm 0.50 2.34 1.02 0.65 63.6%
Tj 0.33 1.45 0.80 0.46 57.3%
RV Vm 1.40 29.81 10.96 9.57 87.3%
Tj 0.79 25.20 10.32 9.56 92.6%
RT Vm 652.00 43137.00 9627.00 16162.77 167.9%
Tj 649.00 15305.00 3617.27 4776.06 132.0%
RF Vm 2317.00 62970.00 18080.47 21597.76 119.5%
Tj 1563.00 37309.00 11546.40 12217.34 105.8%

Vm RHAEM & KF; T) HAE 2541 ; AGB Jith I £ )& Above-ground Biomass; RB A # 2: #/ i Root Biomass; RSR A H7& L& Root to Shoot
Ratio; LPV AR LenPerVol ; SA AR E AL SurfArea; AD WAR H 4% AvgDiam; RV A HAAFET RootVolume ; RT A HIIREL Root Tips; RF AR 4 L H
Root Forks
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FH Pearson %) 2 BB 4 (AR 22 L ANl T HoRFEARIEATAI GBI, A AR S AR RAR K AR
FEMAN AR KRB AR SUBHR 53 35 IEAH G (32 2, P<0.01) , H S5 HL 3 SOBOM DG B fe s, HOUOR R IA R, 5
HRERIESAHE (K 2,P>0.05) . RAEYRE SR BRI AREE ARIE AR HUR 2 EH G, 5 R E
BUHX B iR, i EAR SRAEY & AR AR A2 1 A AR A AR 2 B AH G (BN 38 (R 2, P>
0.05) .
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Table 2 Correlation coefficients between belowground root architecture characteristics and biomass of two lianas

AGB RB RSR LPV SA AD RV RT RF
AGB 1 0.716 ** -0.335 5777 617" 0.016 0.622"* 0.610"* 0.643 "
RB 1 0.287 822" 879" -0.179 0.881"* 0.853 " 0.877 "
RSR 1 0.305 0.29 -0.338 0.262 0.325 0.319
LPV 1 0.971** -0.187 0.842"* 0.929 ** 0.972**
SA 1 -0.116 0.917** 0.911"* 0.979 "
AD 1 0.04 -0.254 -0.157
RV 1 0.761 " 0.888 "
RT 1 0.957**

RF 1
* P<0.05; = * P<0.01

233 M MARR M RURIE 5 A P 80 oA

TE 2 FEEAS AR e AR R D REAS AL 09 2 o2 o, 9 A D REMEAR BT 2 4> 2l o3 75 22 R BTRR R
84.084% (% 3) ,RWIX 2 A EMIHER PR R AR F 2N T, S I RERFIE A 35 75 20 e, B 20k
7, M b A AR AR AR ARRTHIRR AR RSB AR SO F AT A 2 i A AR A A B AT
KRB bR, HrP R A AR AR SURTTRR R (3R 3) .

R3 2HEBEAEYHE TRAMBEFEMENEZERERS HH

Table 3 Principal component analysis of traits between belowground root architecture characteristics and biomass of two lianas

A E I Ekr 2 e s ik AHTFI%
Functional trait Principal Principal Comprehensive Compre}%enswe Communality
component 1 component 2 score ranking
AGB 0.692 0.574 0.318 2 0.808
RB 0.936 0.029 0.309 5 0.878
RSR 0.303 -0.847 -0.039 9 0.81
LPV 0.959 -0.056 0.303 6 0.922
SA 0.979 0.008 0.320 1 0.958
AD -0.18 0.656 0.048 8 0.463
RV 0.915 0.115 0.316 4 0.85
RT 0.946 -0.091 0.293 7 0.903
RF 0.987 -0.022 0.318 3 0.975
Tk # Contributionrate/ % 67.37 16.713
ZFTTHR R Cumulative contribution rate/% 67.37 84.084

3 it

3.0 AR BRYRE Ik AR P PR R A b TS )55 45

TR 2R A 3 b B A5 5 K T 23 O SR 52 SD R ERSEERE IR, AR 2R 950 BB S R PRI X L2 W) 4 /s B 5
BRI 82 AW R BEE AR OY N, 2 AR AR 2 A B R BOMTR] AR AR i AR R ARG AR 2T
R ARIBESFIE S R R B LA R — 19 8 B (S B 3510 R, 3X 5 Brouwer W58 4 BLAHR A= W) & |
AT AR 5 AR Z A KR SR B DDA G, P AR Ay 00 R 58 51 A7 380045 110 2 B 107 P A8 A LA AR A5 ) g
Py Pyt S AR A T AR bR A A8 53 SRR AN R, AS RIS Bn i i Al A AR A IR E I AT SEPE AR, A&
WP A B, AR AR AR SRS AR W i S S5 AR G BRSNS BRE 4I0 MBSl , MotR A S vy, T
[JE -5 AR Py i R DG B8 0 28 O AR S T BRURIT S5 MR A AR A S ARG SR , B B PR TR R A, X 15 L 5 55 2 1Y
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