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External supports affect the photosynthetic characteristics and biomass allocation

of the climbing plant Humulus scandens
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Abstract: Humulus scandens ( Lour.) Merr. is a type of dioecious climbing herb. Many studies have shown that the
availability of external supports has an important influence on the morphological and physiological activities, biomass
allocation, and reproductive strategies of climbing plants. Because of the gender ramet expression of dioecious plants, only
the female and male plants that received support were able to grow to a position of higher illumination; thus, these
populations were able to successfully achieve pollination and seed dispersal and out—compete other plant communities. In

their natural state, in which branches are subjected to varying levels of illumination, the support available has an influence
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on the distribution, distance, shape, size, strength and texture of dioecious climbing herbs; different branches of female
and male plants often look different depending on the support available. There is a paucity of research on the effect of light
heterogeneity on plant morphology, physiology, biomass, and reproduction at the branch level. Therefore, we conducted this
study to investigate the influence of external support on the photosynthetic characteristics and biomass structure of H.
scandens. We also investigated the gender differences regarding the use of external supports and ecological adaptations in
response to external support. H. scandens was grown under three artificial scenarios: tree support (height 3+0.5 m) , shrub
support ( height 1£0.5 m), and no support. The following characteristics were measured for each plant; leaf area,
photosynthetic parameters, chlorophyll, and soluble sugar. We also measured the ratio across the stem, leaf, and flower at
branch, component, and plant levels, respectively. Significant differences were observed across genders in response to
external support in multiple biological parameters, including single leaf area, total leaf area, leaf area ratio, and specific
leaf area. Leaf areas of female branches were greater than those of male branches. Significant differences were also observed
across the three variations of external support for the amount of chlorophyll a; however, no difference was observed for the
amount of chlorophyll b and chlorophyll a/b. External support also had a significant impact on all four photosynthetic
parameters of branch leaves (p < 0.05). The strongest effect was observed for stomatal conductance, and the least impact
was observed on intercellular CO,concentration. A significant association was found between external support and the amount
of soluble sugar (p < 0.01). In addition, soluble sugar in male plants was significantly higher than that in female plants (p
< 0.01).3) At the branch level, a significant association was observed between the external support and ratio of leaves and
stems in male branches (p < 0.05). However, no association was observed between the external support and ratios of
leaves, stems, and flowers in female branches (p > 0.05). The ratio of the vegetative component in male branches and ratio
of the reproductive component in female branches was significant at the component level. External support significantly
affected the ratio of leaves (p < 0.05) at the individual plant level. We also observed significant differences in the ratios of
stems and flowers between genders and across support type. The photosynthetic characteristics and biomass structure of both
female and male H. scandens showed a strong response to the heterogeneous external support, which greatly improved
physiological integration and adaptability of single H. scandens. Therefore, results from this study are valuable for additional

investigation of the ecological adaptability of dioecious climbing plants.

Key Words: Humulus scandens; Climbing plants; Dioecism; Support; Photosynthetic characteristics; Biomass allocation
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AL SR PP AR Ao A A4 i 5 2 BB SR BT AR SRR BER SCHP AN TC SR = =X e e 4y
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FH SAS 9.1 it A 78 2 M SR 7 22 0 BT A2 5 L0, O - BEPR I0i: R0

2 ERE5H

2.1 AN SRR AT HERRE IR SO B AR RS e
2.1.1 MHESE

THEIRE @ | & BRI R B TR FRAT B3RS (P<0.05) (22 1), BESE i A4S A B T RRE /N I 3
& BRI M T ARTEA SRR T R (P<0.05) B @ BRI RCHYE AR K @ | & BRI T AR LL A0
EE I TET RS A 3Z 2 0, A A Ab3E R & BRI AR HR 3 = T C AR,
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Table 1 Multiple comparisons about leaf areaparameters of branches in heterogeneous external support( means+Sd)

A FH Single leaf area ST AR Total leaf area
AL P Treatment
? 5 ? 5
A 73.93+£4.59Ab 66.26+2.64Bb 31347.91+3366.12Aa 27067.24+1486.18 Ab
B 77.47+1.27Aab 70.60+2.15Bab 32199.13+2036.19Aa 27528.37+1378.41Ab
C 82.77+1.13Aa 75.34+2.51Ba 31708.71+2029.68Aa 35674.95+£5192.01Aa
F 7.41 10.38 0.08 6.79
P 0.0239 0.0113 0.9206 0.0288
MR LL R Leaf area ratio LLr T Specific leaf area
Qb Treatment
? 5 ? 5
A 62.15+£9.22Aa 44.01+2.46Ba 430.34+75.11Aa 383.09+31.64Aa
B 66.76+4.07Aa 48.06+1.77Bab 423.44+27.15Aa 367.30+£36.73Aa
C 64.43+4.50Aa 54.42+6.76Bb 388.95+24.12Aa 436.68+72.32Aa
F 0.39 4.51 0.64 1.57
P 0.6906 0.0638 0.5618 0.2829

ANFIRE FRER R ) 25 52 .35 (p<0.05) | [AFIA R/ NG TR 7R SR ) 25 57 .35 (p<0.05)

XU 5 2253 Hr v W1, Bt T AR S AR B R] P ) ] SRR Ta) A 1 Bl 25 25 5 (P<0.01) (K 2) 1 F {H
A LS R 22 5 KT SRR IE] @ AR TRARAE A (B .C N IRT & Bk s T D AR 1 il 1) e 22 e, 78 3¢
Fepia) AL AR 2 25 5 (EA & R MBS I T AR 3Z SR S M 5 i T RR LU SR AR T S ) 25 5 b 3 @ Bk
ARSI B A W I T AR R & bk 5 ek AR E AR B ] PRI SZERIE I e R, AT, RS TR SRR
SRMF AR RLE A el D B TR B R B0 S TR, @ MR RSO L & MR OK, BRI @ BRAOE A E
FI R T & BE
212 MREEE

THY R EREIN T @ | & MR R RO RERY AR R a L (P<0.05) (3R 3) , B m R AR 0 G N
ML R a &R, [EXMEEIGRER LR b MmN AU A T QMR R &R b BE & T B .C, 3
iz B R b S WA G RERI AR 4R R a/b WERG N,
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Table 2 Two-factor analysis of variance about leaf area parameters of branches in heterogeneous external support

s oA S AR AR R AL NTTE
AR5 A Single leaf area Total leaf area Leaf area ratio Specific leaf area
Source

F P F P F P F P
JAALFETE] Corrected model 13.85 0.0001 3.65 0.0306 8.79 0.0011 1.03 0.4451
ZHEYI] Supports 17.32 0.0003 4.17 0.0422 2.14 0.1601 0.19 0.8262
PR Genders 34.55  <.0001 1.47 0.2484 37.27  <.0001 0.64 0.4397
H AR Interaction 0.04 0.9649 4.23 0.0408 1.20 0.3341 2.05 0.1712

®3 FEZHMEETHEEMTRENS B0 % E 5 means=Sd)

Table 3 Multiple comparisons about chlorophyll and soluble sugar content of branches in heterogeneous external support( means+Sd)

W . A b WK /b W
A Chla/(mg/g) Chlb/ (mg/g) Chla/Chlb Soluble sugar content/ (mg/g)
Treatment
? ) ? 5 ? S ? S
A 2.12+0.03Ba  2.23+0.06Aa  0.49+0.03Aa  0.48+0.0l1Aa  4.36+0.26Aa  4.68+0.17Aa  28.68+0.93Ba  30.67+0.43Aa
B 1.82+0.04Bb  2.03+0.09Ab  0.47+0.01Aab 0.46+1.10Aa  3.89+0.06Ab  4.53+1.12Aa  27.21+0.50Ba  29.33+0.97Aa
C 1.62+0.14Bc 1.82+0.04Ac  0.45+0.02Ab  0.44+0.03Aa  3.63+0.20Ab  4.15+0.28Aa  24.31+0.89Bb  26.53+1.00Ab
¥ 23.27 31.18 4.00 0.32 11.02 0.48 23.42 18.88
p 0.0015 0.0007 0.0787 0.7396 0.0798 0.6390 0.0015 0.0026

Jr 220 R AR EK a FEPER MM SRR A4 0 35 22 5 R O 0 B A 5 RO, & RS I
T eMR(FKA) . SR EIRIGIN T 4R b &5 4R a/b (8 (BRI SRR R TE 22 5 . SCHRY)
EESEMH A RS ER a SR XTIHARR b R a/b IR RE Gl FAEA I, SCR R AR R
R ATAE—RE BITERI 225, & RIS A HDERE R ZERR T @ PR,

R4 TRXHEMEHETORNMFEZMTRERSENNEFHIESR

Table 4 Two-factor analysis of variance about leaf pigments and soluble sugar content of branch in heterogeneous external support

ERRE thif/ﬁif% a ‘ M2 b ﬂir%%a/h ‘ ﬂfﬁli«u%‘ﬁi
a/(mg/g) Chlb/ (mg/g) Chla/Chlb Soluble sugar content/( mg/g)
Source F P F P F P F P
SALFETE] Corrected model 25.37 <0.000 1 0.52 0.7533 1.92 0.1650 22.80 <.0001
HEIIE] Supports 51.07  <.0001 1.25 0.3221 4.48 0.0558 42.01 <.0001
PEBIE] Genders 23.22 0.0004 0.11 0.7431 2.39 0.1333 29.91 0.0001
AR Interaction 0.74 0.4975 0.01 0.9907 0.16 0.8565 0.03 0.9699

213 JLESH

THEYIRT @ | & MRATEI G G R P RAL S EE Gs MlE] CO, MR B ZE IS HR Tr YA W35 52
(P<0.05) (£ 5) , BREBEBIRIDCE SEUEM A, Pn Gs Al Tr 7EVERIE] SR 346 1) 0 3 25 5 (P<O.
01) , Ci {UAESCHFY IRl 22 5 0.3 PRI B 22 S /N (R 6) o @ BRIK P Gs B Tr E R T & bk, BRS04
1Y Pn Gs Fl Tr 8K, & #R5EL Pn Gs T @ Bk B 5 52 JCSCHFYI RS20 1T @ BRITACHY Ci F Tr bE & BRI
SCREY U

i F AR W SR 6 S S8 WY Gs>Pn>Te>Ci, PEHIE] 2553 Gs>Tr>Pn>Ci( 3£ 6) o Ui S0+
Yy 2 A PR AL ARECE 2O RR, BN R AL S R R A R, M S AR Gs Tr KT @ Bk,
Pn /T Q Bk, SCRRYIT R RO B B4 Gs P Ci B SZ IR R T PE 0 A9 52 ), Pk S 1B] T 22 5 K F 2 R xd
ZHIREM, C 4T QMRAELN Tr /T & Bk (H A B SR R Tr, H B KT 6 #k,

http ; //www.ecologica.cn



6 S % 358

£S5 TRAXHMZFGHISBEHRESHEI S ELLE (means=Sd)

Table 5 Multiple comparisons about photosynthetic parameters of branches in heterogeneous external support( means+Sd)

HOLE AR AALRE JaIa] CO, He % P SUES
- hb 3 Pn/(pmol m™ s7") Gs/(mmol m™2s7") Ci/(mol m™?s7") Tr/ ( pumol/mol )
Ireatment ° 5 ) 5 9 5 ° S
A 8.74+0.05Aa  8.13+0.19Ba  0.31x0.02Aa  0.23+0.01Ba  282.27+7.88Aa 283.33+14.68Aa 2.57+0.11Aa  2.02+0.07Ba
B 8.24+0.11Ab  7.78+0.25Ba  0.25+0.02Ab  0.13+0.00Bb  263.27+5.50Ab 282.03+7.19Aa  2.35+0.04Ab 1.68+0.03Bb
C 6.93+0.38Ac  5.89+0.23Bb  0.16+0.00Ac  0.11+0.00Bc  249.33+4.02Ac 254.00+7.30Ab  1.37+0.10Ac 1.53+0.21Bb
F 49.77 84.44 91.93 186.52 22.65 7.72 169.45 11.42
P 0.0002 <.0001 <.0001 <.0001 0.0016 0.0219 <.0001 0.0090

Pn= photosynthetic rate, Gs= Stomatal conductance, Ci=Intercellular CO, concentration, Tr=Transpiration rate

R6 TRXFMEGHT ARG SHINEFAESH

Table 6 Two-factor variance analysis about photosynthetic parameters of branches in heterogeneous external support

I HOL G A AL Ry Co, e R
AR SRR Pn/(pmol m™2s7!) Gs/(mmol m™2s7!) Ci/(mol m™?s7") Tr/ ( wmol/mol )
Source

F P F P F P F P
JAKLFRTE] Corrected model 62.07 <0.000 1 147.04 <0.000 1 10.04 0.0006 57.67 <0.000 1
HFFPIIA] Supports 131.19  <.0001 266.92 <0.000 1 21.16 0.000 1 47.83 <0.000 1
PEHIE] Genders 42.81 <0.000 1 219.43  <.0001 4.20 0.0630 94.70 <0.000 1
T AR Interaction 2.57 0.1175 14.71 0.0006 1.84 0.2015 25.57 <0.000 1

2.1.4 AlEvERE S R

THEYIRT @ | & MRATBI B E A Y T RS A R BRI (P<0.01) (R 3) , AR R s
R, 2250 MR TN ] SRR ) Al i MR o S R IR R 25 5 (P<0.01) , & MR E R T @ Bk,
R SZHF 3 s s 2 R TR (R 4) L € 2] B M F A BOLHA HORW N T 18%—32% , nl %1
FEEEIGIN T 10%—11% , 1M\ B 2] A SEEHRLBEI T 4%—6% , "l PEREAUE N T 5%—6% ., VMRER
B SR SRR A A RO R 5 A RCR I RN R MR = IR,
2.2 UNI[RISZREYRT I R A A i 5 R 1) 5 i)
2.2.1 SRUKFESrRC

Q BRAEAI R K A3 E b 2543 E b S A 0 B F AR AT 32 ) S F i 22 0 W B R (P =0.05) (3%
7) AL A T AL BC L R T C ARS8 BRTEZPBUKE T H M3 BC L 2550 e L34 1 2552 SO 22 7 i
S (P<0.05) ,7E A Kb3UR A3 FE LU FAE A Be LE 8 25K T C 4031 A 5 B B 5 C b e F2 R, X
Ko 22 5 W BN T & BREEPBUKE T 5B b, AE Wit 2 B SR I b 2 i 1R 0l 25 5% (P<0.05) , @ BRI
AYHC L T SRR, M AE AT BC b 5K T & Bk (HZE00BE EubE BRI 22 AN B, 7E Rk T, @ BRIAEY)
HOMEC AT AR AT S bR, @ BRRE R SRR FE ISR 37 SRR 25 SRS I TR TR E 5 & MR 1T
FF SR a0 3 S A Py i B EE A BE L, TR AR T 43 B ( P<0.05)

RT TRAXFNEGHTENEESBRKTHEILHNSELR

Table 7 Multiple comparisons about biomass allocation in the level of branch of heterogeneous support( means+Sd)

) AT E Vi 1E5rIL L
HiH Leaf distribution ratio Stem distribution ratio Flower distribution ratio
ftems Q 5 9 5 Q 5
A 7.67£0.594 4.77+0.34% 81.64+0.814 83.42+2.11% 10.69+0.535 11.81£2.11"
B 7.49+0.124 5.45+0.76" 82.08+0.44M 81.94+1.294 10.42+0.335 12.60+0.95%
C 8.94+1.48% 6.46+0.61% 81.86+2.16 78.48+0.43 9.21+0.88" 15.06+0.60
F 2.24 6.08 0.08 9.22 4.72 4.59
p 0.1879 0.0360 0.9227 0.0148 0.0587 0.0616
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222 HEKESRC L
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B, SRR A e LU A B TE 25 5 (R 9) |, Sk p 25 S 2 5 S A B Al 4 0 e L 22 S i =2 R R, i3 Bd Ll
FETCSCHEY) (C A3 WA R, v R FH 08 S A 0 7 o 0 B LU BT 5 25 70 B LU I ZE B A B %1 e/, R 32
FEr (A b)) 56 Y (C AbHR) (R TE 25 53 46 AR B ) S 8 R e i A Rb B 2504 T I /Ao i, S5
FR T & BRATRLIRI S R A KA T L, 8 5 @ R AR 1) 8 AR A AR KA S T HE (P<0.05)
2.2.3  FRRAKESTE L

TESRRIK TR | 430 AN AE S5 1) 25 5 5835 (P<0.05) | T 25 A8 IE Fe 2t i) S e ia) 404 B 25
225 (3R 9) B F AU H] 22 5 KT el SRR 52 m 1 6 MR2E MR L b 5 @ BRAE /3 Ie 1L
(P<0.05) (& 8) , A T HF SR AR, X @ AR IPBAE SRR ACE T 25043 FE 2 8/ BARZKSE T &
PRAE AT IC LU 535 8 T @ bk, SCRFW A =3 A3 B AR AR (R 4 43 e LU ABR AT

3 Fit5itie

AR TR ZEAS RN AR L 2% A (B R RS SRR, RS RO SR AR ) AR T BAT S W
KGRI BRI, JLBGAT HH A5 Z B IR S R 2 . BEERAR Y 1) e 55 M R B 22
KRB — ZR 8135 I X SR AR A A A A7 RV BT I | B A 2 ARl A B A I 45, TR I 2—10 2%
AT ASTR] 1 7 ) A A ke TR T R B S R5 0 , 52 80 A B ka3 ok s D o B, (S ERAE R A
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