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Sex-related differences in component traits and biomass structure of

Humulus scandens under shading condition
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Abstract: In this study, the dioecious climbing herb Humulus scandens was used as the study material, and
four degrees of shade (0, 25%, 50% ., 75%) were measured. Some indexes including physical traits of the
plant, water distribution, biomass structure, and root-shoot ratio of male and female plants were determined.
The purpose was to analyze the sex-related differences in morphology and growth strategy of H. scandens un-
der varying shade condition. The results showed that: shading had a significant effect on morphology (P <C0.
05), with the influence on different morphology components of different plant parts being in the order leaf
width>>leaf length>>leaf thickness and stem length™stem diameter>internode length (P <C0.05). Sex-related
differences were found in leaf length, leaf width, stem length, and internode length (P <C0.05). All degrees of
shade had high significant effects on single leaf area, total leaf area, leaf area ratio, and specific leaf area (P<C
0.01). Shade increased the total leaf area of female plants, but significantly reduced that of the male plants (P
<C0.05). Shade had significant effect on biomass, water content, biomass distribution, and root-shoot ratio of

single plants. Although the total biomass of the male plants was significantly larger than that of the female
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plants, stem biomass of the female plants was significantly larger than that of the male plants. No sex-related
difference was found between leaf and root distribution. Female or male plants both had their growth strategies
matched with sex differentiation under shade condition by changing component traits and biomass structure.
Keywords: Humulus scandens; dioecious; component traits; biomass; gender differences; growth strategies
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Table 1 Effects of different shading conditions on leaf trait of Humulus scandens
. . Leaf Leaf Leaf thickness/ Single leafl Total leaf Leaf area ratio/ Special leaf
Shading degree  Sex . ; ) ) _ ,
length/cm width/cm mm area/cm’ area/cm’ (em® + g ') area/(em® « g )
) % 4.8340.18Aa  8.37F£0.23Aa 37.3340.33Aa 16.77E1.31Aa 23.53+£4.60Ba 46.9947.80Ab 74.13+9.44Ac
No shade 2 4.57+0.07Ba  6.0040.06Ba  38.3340.33Aa 14.27+0.41Ba 104.20£5.31Aa 54.1548.64Ab 81.064+12.55Ab
(25%) 2 4,73+0.19Aa  7.7340.38Aa 38.33F2.19Aa 18.50+0.99Aa 24.53+15.25Bb 56.23+3.80Ab 87.44+4.09Abc
Light shade 2 4.1740.09Bb  4.70£0.12Bb  40.3341.33Aa 15.00£0.26Ba 73.81£15.11Ab 57.8845.01Ab 85.6246.89Ab
(50%) ¥ 3.1740.23Ac  5.3740.37Ab  24.0042.65Ab 8.42+0.36Ab  25.53+1.43Bc 59.5646.37Ab 106.92+9.80Aab
Moderate shade 2 2.93+0.09Bc  3.13+0.03Bc  26.33+1.67Ab 6.40+0.06Bb  40.9940.87Ac 82.08+5.98Aa 135.38+10.06 Aa
(75%) 2 3.77+0.09Ab  5.17£0.27Ab  23.6740.88Ab 10.74+0.84Ab 42.15+3.09Bbc 83.6744.52Aa 121.1144.90Aa
Heavy shade 2 3.13+0.03Bc  3.77£0.03Bd  25.33+0.88Ab  7.44+0.15Bb 51.08 £3.13Abc 84.78+3.46Aa 121.9243.38Aa
- 30 ; (P<0.05),
(P<C0.05),

2 . Female; 3 : Male; Different capital letters within the same column for the same shading degree indicate significant differences between sexes at

the 0.05 level; different lowercase letters within the same column for the same sex indicate significant differences among shading degrees at the 0.05

level. Similarly, for the following tables.

Table 2 Two-factor variance analysis of the effects of sex differences on leaf trait of Humulus scandens

2

. Leaf Leaf Leaf Single leaf Total leaf Leaf area Special leaf
Source . . .
length width thickness area area ratio area
F 66.87 74.68 53.88 97.76 22.03 12.64 15.53
Shading degree P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
F 19.41 191.25 3.53 40.14 8.14 3.71 2.18
Sex P <0.001 <0.001 0.078 <0.001 0.012 0.072 0.160
X F 1.12 4.22 0.16 0.20 0.19 1.41 1.39
Shading degreexsex P 0.370 0.022 0.919 0.897 0.901 0.278 0.282
F F F , P

F value indicates the significance of F test with greater F' value meaning more significant. P value indicates the probability value; similarly for the

following tables.
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Table 3 Effects of different shading conditions on stem trait and root trait of Humulus scandens
Shading degree Sex Stem diameter/ Stem Internode Root
mm length/cm length/cm length/cm
0) el 154.33£2.96Aa 26.10=1.91Ba 14.9740.88Aa 7.13+t1.12Aa
No shade 3 168.00+3.61Aa 33.7741.87Aa 13.17+1.58Ba 8.47+1.34Aa
(25%) ¥ 136.67+24.04Aa 51.33+3.18Ba 16.8341.20Aa 6.03+0.59Aa
Light shade 2 162.33+£20.85Aa 60.3313.18Aa 9.93+0.88Bb 7.40£0.50Aa
(50%) el 95.33+3.93Ab 28.4041.93Bb 11.47£0.79Ab 4.874+0.49Aa
Moderate shade 2 105.00£5.57Ab 36.10£2.29Ab 10.30+0.12Bab 7.03£0.99Aa
(75%) % 90.3343.84Ab 29.40+3.58Bb 11.63+1.09Ab 7.13£0.60Aa
Heavy shade 2 98.00+1.73Ab 35.534+3.24Ab 9.17+0.66Bb 9.03+0.07Aa

4

Table 4 Two-factor variance analysis of stem trait and root trait of Humulus scandens

Stem diameter Stem length Internode length Root length
Source F P F P F P F P
Shading degree 16.84 <C0.001 39.91 <C0.001 9.53 0.001 0.65 0.595
Sex 2.92 0.107 15.60 0.001 11.23 0.004 1.61 0.223
X Shading degree X sex 0.24 0.869 0.09 0.963 0.49 0.692 0.96 0.437
2.2 s >
. « 5, H (P <C0.05),
(P <C0.05), ;
o N (P>>0.05), C 6),
s (P <C0.05), N (P<C0.01),
PN s (P>0.05), N
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(P<C0.01), ’
(P>0.05), o
(P>0.05), , (P <
2.3 0.05), 3
2.3.1 (P<C0.05),
C 7, ; o . (P>0.05),
(P <C0.05); C 8, .
5
Table 5 Effect of sex on each component water distribution and root-shoot ratio of Humulus scandens under shading
%
Shading degree Sex Leaf m?isture Stem mf)isture Root m?isture Root s.hoot
ratio ratio ratio ratio
0) ¥ 62.124+1.02Bab 32.12+0.98Ab 6.324+1.07Aa 12.3143.22Bab
No shade S 69.32+2.14Aab 26.89+1.98Bab 5.21+1.01Aa 14.664+4.07Ab
(25%) ¥ 63.09+7.00Bab 34.00+1.00Aab 3.214+1.08Aa 7.324+1.01Bb
Light shade ) 69.24+£1.07Aab 29.0741.04Bab 2.24+0.12Aa 9.32£1.21Ab
(50%) ¥ 54.32+4.14Bb 41.00+4.00Aa 6.24+2.14Aa 13.35+1.43Bab
Moderate shade S 63.35+3.05Ab 31.98+2.02Ba 5.04+1.05Aa 17.654+2.21Ab
(75%) ¥ 69.32+4.31Ba 26.001.00Ab 5.34+4.25Aa 18.68+0.98Ba
Heavy shade 2 72.11+2.32Aa 23.33+2.14Bb 4,784+0.35Aa 26.58+2.58Aa

6

Table 6 Two-factor variance analysis of each component water distribution and root-shoot ratio of Humulus scandens

Leaf moisture ratio Stem moisture ratio Root moisture ratio Root shoot ratio

Source

F P F P F P F P
Shading degree 7.88 0.002 9.83 0.001 2.75 0.077 13.51 <0.001
Sex 10.81 0.005 11.83 0.003 0.60 0.449 6.32 0.023
X Shading degree X sex 0.57 0.640 0.52 0.674 0.20 0.898 0.69 0.573
7

Table 7 Effect of sex on biomass allocation of Humulus scandens in different shade conditions

biomass distribution/ %

Total biomass

Shading degree Sex Leal Stem Root per plant/g

0) ¥ 63.12£3.07Aab 30.11+1.24Abc 6.89+1.95Aa 1.134+0.15Bb

No shade 3 67.21+1.34Aa 27.3341.98Bbe 6.0541.67 Aab 1.35-£0.10Ab
(25%) hel 64.24+0.98 Aab 32.42+4.36Aab 4.12+£0.97Aa 1.544-0.16Ba
Light shade 3 67.984+1.21Aa 29.3441.47Bab 3.95+20.31Ab 1.84£0.22Aa
50%) ¥ 56.15+3.96Ab 36.8613.64Aa 7.04+0.84Aa 0.3940.05Bc
Moderate shade 3 61.353.47Ab 33.331£2.23Ba 6.9540.75Aab 0.5040.04 Ac
(75%) ¥ 69.24+1.38Aa 24.21+1.32Ac 6.87+0.32Aa 0.5040.01Bc
Heavy shade ) 70.08+1.35Aa 23.3541.42Bc 6.64+0.21Aa 0.60£0.01Ac
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8
Table 8 Two-factor variance analysis in terms of biomass allocation
Biomass distribution
Leaf Stem Root Total biomass
Source
F P F P F P F P
Shading degree 8.90 0.001 14.68 <C0.001 4.18 0.023 49.81 <C0.001
Sex 4.32 0.054 6.10 0.025 0.09 0.771 4.96 0.041
X Shading degree X sex 0.40 0.758 0.34 0.797 0.17 0.915 0.32 0.810
(P<C0.01), (P< 79%, 51%
0.05), > ,
> )
(P<C0.05), o s N
o A A b
2.3.2 N N ’
C 5, , o
b ~ b
(P<C0.05), C 6, ,
(P<C0.01), ,
(P<C0.05), ,
b
3
b
b A
[19-20] [29]
[21-25]
A o b Y b
b
[26]
o b
o b b
Y N b Al b
b o
o A A} Y Y b
b b
[27-28]
b
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