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Abstract: [Objective] Passiflora belongs to the Passifloraceae, most species of which belong to peren-
nial vines. Edible passionflower is cultivated widely, and is mainly produced abroad in North America,
South America, Australia, Malaysia and southern Africa and other countries and regions. Passionflower
and the dominant companion species can be mutually beneficial and symbiotic, adapt to the environ-
ment, growing rapidly, and have high yield. Cultivating excellent varieties of passionflower as an eco-
nomic fruit tree in rocky desertification areas can promote the development of local industries. At pres-
ent, there are few studies on the construction of empirical models for estimation of leaf area of Passiflo-
ra plants. The size and distribution of plant leaf area (LA) directly affect the ability of leaves to inter-
cept sunlight, carry out carbon utilization and gain the productivity of plant communities. LA is often
used as a basic parameter to measure plant photosynthesis capacity, and is used in plant physiology, pa-

thology, and crop breeding. agriculture and forestry production and management, model estimation,
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etc. Simple, fast and accurate detection of leaf area is of great significance for guiding the reasonable
high- density planting, the adjustment of population structure, variable fertilization and precise sprin-
kling irrigation to obtain high yield. This paper aimed to construct the optimal leaf area eatimation mod-
el for 6 species in Passiflora. The empirical model for leaf area estimation can provide basic parameters
for studying the physiological ecology and cultivation techniques for Passifloraceae Passiflora. [Meth-
ods]) In this study, six species of Passifloraceae Passiflora, i.e., P. edulis, P. yucatanensis, Lady Marga-
ret, P. foetida, P. caerulea and P. laurifolia served as the research samples and these plants were planted
in Kedu Town Passion Fruit Production and Academic Research Base, Guizhou Province Mountain Re-
sources Research Institute in March 2020. In August 2020, sample plants were randomly selected with
the same growth vigor from each species, good-growing branches were randomly selected from each
tree, and about 200 sample mature leaves with typical characteristics and without pests and diseases
were picked up from each tree species on 2th, 4th, 6th, 8th and 10th internodes from the end of the
branches. After the sample leaves were collected, they were marked, packaged and brought back to the
laboratory. Place the leaf flat on an Epson850 scanner and scan it to obtain the leaf image. Use the
Digimizer digital image method to measure the leaf length, width and area. Take the maximum length
of the leaf as L, the approximate maximum width of the leaf as W, and the area as LA. Select 12 target
models, including linear and non-linear equations, respectively, to construct LA empirical models for
each species. Select two species with similar leaf shapes to merge modeling, and screen and evaluate
these models, so as to select the basis for the optimal empirical model. The optimal empirical model
was selected according to the R*, AIC and RMSE values of each empirical model. The optimal empiri-
cal model was selected as the model with the R’ closest to 1, minimum AIC and RMSE values. When
the best AIC difference between the first two empirical models is less than 2, the model with the smaller
RMSE value is selected as the optimal empirical model. In order to further evaluate the reliability of the
empirical model, the predicted value of LA is calculated based on the optimal empirical model, and the
distribution of its residuals is analyzed. When the distribution is approximately normal and most residu-
al points fall within +3 times of the standard deviation of the residual average if the empirical model is
within the range of the measured value of LA as y and the predicted value as x to test the fitting effect
of the regression equation. According to the closeness of the slope of the regression line to 1, the size of
the intercept and the coefficient of determination R’, the degree of agreement between the predicted val-
ue and the actual value is determined. At the same time, based on the optimal experience model, the pre-
diction accuracy of each species LA is calculated. [Results] The results showed that the R* of leaf area
modeling for each species was higher, and the optimal LA empirical model for each species were: P.
edulis: LA=0.529 L"*'W**; P. laurifolia : LA=0.828L""*W"'**; P. yucatanensis: LA=0.665L"“W"*"; P
coerulea: LA=0.559L""*W*""; P. foetida: LA=0.763L"*W'*” and Lady Margaret: LA=0.6 L°*". The op-
timal LA empirical model of each species is the optimal independent variable to construct the LA empir-
ical model. Each model meets various evaluation criteria, such as P. edulis, P. laurifolia, P. yucatanen-
sis, P. caerulea, P. foetida and Lady Margare. The prediction accuracy of the optimal empirical model is
91.28%+0.58%, 94.35%+0.63%, 95.54%+0.27%, 92.59%+1.62%, 96.88%+1.34% and 94.25%+0.78%.
The leaf surface parameters of two species with similar aspect ratios were merged and modeled, and the
two species with similar leaf length and width ratios were P. edulis and Lady Margaret. The leaf surface
parameters of two species with similar leaf length and width ratios were merged and modeled. The opti-
mal empirical model predicted LA with accuracy of 92.63%+0.81%, and the optimal model for com-
bined modeling is LA=0.52 L""*W***.[Conclusion] The LA empirical model was constructed to predict
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the LA of 6 species in Passifloraceae Passiflora and the LA prediction accuracy reached more than
90%. LA is reliable, ,two , species with similar leaf shapes and leaf length-to-width ratios can be com-
bined and modeled, and the model accuracy is (92.63+0.81)%. The construction of the LA empirical
model can classify the leaves according to the leaf shape and leaf length-to-width ratio, and build the
LA model with certain reliability. Using 6 species of Passiflora plants in the Passifloraceae as research
materials, the computer image method is used to measure the leaf length (L), leaf width (W), and leaf ar-
ea (LA) of each species, with LA as the dependent variable and L, W and LL, WW, LW as the indepen-
dent variables. Twelve target models are selected, the LA estimation empirical model for each species is
constructed respectively, two species with similar leaf shapes are selected and combined for modeling,
and these models are screened and evaluated. With a view to constructing an empirical model for esti-
mating the optimal LA of 6 species of Passiflora plants in the Passifloraceae, it will provide a basic the-
ory for the study on Passiflora plants in the Passifloraceae, and will preliminary discuss the general
rules of LA model construction. The results show that the optimal empirical models of the six species: P.
edulis: LA=0.529 L""'W***; P yucatanensis: LA=0.828 L"*W'*; Lady Margaret: LA=0.665
L*“W"; P. foetida: LA=0.559 L""*W"""; P. caerulea: LA=0.763L"*W'**" and P. laurifolia : LA=0.6
L’*". The optimal LA empirical model of each species corresponds to the optimal independent variable
of the LA empirical model. Studies have shown that the LA empirical model is constructed to predict
the LA of these 6 species of Passiflora plants in the Passifloraceae, and the LA prediction accuracy is
above 90%, indicating that the LA empirical model is reliable. The combined modeling of two species
with similar leaf shape and leaf length-to-width ratio yields a model prediction accuracy of 92.63%=
0.81%, which preliminarily shows that the combined modeling of tree species with similar leaf shape
and leaf length-to-width ratio has certain reliability to predict LA.

Key words: Passiflora; Leaf area; Empirical model; Classified fitting
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Table 1 Leaf area target model
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Fig. 1 Leaf morphology of 6 Passiflora plants
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Table 2  Statistics of Leaf Length (L), Leaf Width (W), Leaf area (LA) for six Passiflora species

e L/cm W/cm L/'W LA/cm’

Species PEMEbRE S AR RE CPHEREE BRARH CPIEssEE BR R CPHEREZE BR R
Mean+SD CV/% Mean+SD CVI% Mean+SD CVI% Mean+SD CVI%

SRR 13.93+3.68 Aa  26.43 16.44+3.08 Aa  24.82 0.85+0.14 Cc 16.47 132.34+63.65 Aa  48.09

P, edulis

AR I G 5 52 12.5742.64 Bb  20.99 6.79+1.84 Ee  27.12 1.90+0.30 Aa 15.79 68.18+27.55 Bb  40.40

P, laurifolia

TR PG 4704093 Ee  19.95 8.01+1.19Dd  22.29 0.58+0.05 Ee 8.62 32.79+11.23Dd  34.25

P, yucatanensis

[iigi3ea 7.94+1.66 Dd  20.96 11.3142.52Bb  22.29 0.71+0.07 Dd 9.86 44.79+18.63 Cb  41.59

P, caerulea

TR P, foetida 8.91+1.60 Cc  17.86 9.63+2.02 Cc  20.94 0.93+0.06 Bb 6.45 65.30+25.59 Bb 39.18

IOMETRE L LV 8.78£1.68 Cc 1914 10.23+1.79 Cc  17.48 0.86+0.06 Cc 6.98 50.24+21.81 Cb 43.41

Passiflora Lady

Margaret

W RS F NG FREROR ZE 5 82 (p < 0.05): [RIZIA R RS FREROR 2 52 (p < 0.0D).

Note: Different lowercase letters in the same column indicate significant difference at 0.05 level; Different capital letters in the same column indi-

cate extremely significant difference at 0.01 level.
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Table 3 Parameter of empirical models for leaf area of six Passiflora species

B T 76 7 3 JUR [0 JEER A b A 2 DU
i P, edulis P, laurifolia P. yucatanensis P. caerulea P. foetida Passiflora Lady Margaret
xg:: ! a b/c a b/c a b/c a b/c a b/c a b/c

1 12.604 -55.729 6.073 -14.403 10.865 —18.148 9.012 -29.084 13.834 -60.538  10.075 -39.878

2 10.520 -53.771 12.050 -15.456 7.791 -30.458 6.383 -29.410 10.867 -40.835 8.182 -36.910

3 0.581  3.049 0392 2.569 1.173  5.659 0.635 1.415 0.831 -4.627 0.614  0.197

4 0.431  1.590 1.428  0.355 0.517 -1.650 0.316 1.373 0.629  4.160 0.440  0.023

5 0.534 -0.881 0.774 -0.136 0.823  1.009 0.470 0.022 0.740 -1.017 0.545 -1.668

6 0.894  1.849 0.418 1.974 2.575  1.626 0.881 1.859 0.537  2.164 0.600  2.013

7 0.525  1.935 1.898 1.855 0357  2.153 0.446 1.873 0975 1.839 0368  2.077

8 0.894  0.924 0.418  0.987 2.575  0.813 0.881 0.930 0.537  1.082 0.600  1.006

9 0.525 0967 1.898  0.928 0359  1.075 0.446 0.936 0.975 0919 0368  1.039
10 0.506  1.008 0.786  0.996 0.956  0.968 0.528 0.974 0.678 1.016 0.395 1.063

11 9.920 -4.014 4.100 -5.010 -3.944 5549 0.721 2.354 6.172 -0.661 0.060  3.774

0.529  1.141/0.867  0.828 0.933/1.054 0.665  0.665/1.367 0.559 1.154/0.799 0.763 0.64/1.327 0.495 1.671/0.401

o 1

—_
NS}

2 2 { ]
3 - 3
4 4
1l ;

7 ¥ Model order

Ne)
Iu
-l H

A B C D E F A B C F A B C D E F
R | RMSE i Alc I |
03 0.75 1 0.03 0.08 0.9 =709 -100 555

AR B, R PR . JC RIS E 4 D, FEA 4 E. BBk F. BRI R 2 L e A .
A. P, edulis; B. P. laurifolia; C. P. yucatanensis; D. P. caerulea; E. P. foetida; F. Passiflora Lady Margaret.
2 6 MAFEREYMMERAEREBEIEERERK(R) ARIZE(RMSE, cm»)F AIC F2EMNAICO#AE
Fig. 2 Heat maps for validation coefficients of determination coefficient (R*), root mean square error (RMSE) and Akaike

information criterion (AIC) for each model in six Passiflora species
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Table 4 The optimal empirical models for leaf area of six Passiflora species

4 WA AR 2% Parameter VR R WOTIRIEE AR B
Species Model Independent variable , blc R RMSE AIC

SR PUTSE P edulis y=aL'W* LW 0.529  1.141/0.867 09711  0.107 4 ~548.863 5
PO SE Plaurifolia y=aL"W* LW 0.828  0.933/1.054 0.9970  0.0465 -337.240 9
JC-RHVGIEE Pyucatanensis y=aL"W° L;W 0.665  0.665/1.367 0.9808  0.0395 ~708.259 1
PG3ESE P, caerulea y=aL"W* LW 0.559  1.154/0.799 0.9344  0.1035 -238.544 7
¥R P foetida y=aL'W¢ LW 0.763  0.640/1.327 0.9881  0.0397 ~467.465 8
R TN AR L 1 y=aL’ L 0.600  2.013 09401  0.0757 -377.094 6

Passiflora Lady Margaret
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Fig. 4 Regression analysis of LA predicted value and measured value
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Fig.5 Forecast accuracy of empirical model of leaf area

of these plant species
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Table 5 Leaf area model of similar tree species combined

TIPS 2% Parameter Y B RbERE
Model R R HEI
order a blc R RMSE  AIC
1 12330 -55.876 0916 0169  -356.669
2 10294  -54.516 0.865 0214  -118.756
3 0.586 2.160 0.937  0.146  —502.647
4 0.433 0.877 0906  0.178  -304.414
5 0535  -0.979 0968 0105  -838.685
6 0.776 1.900 0939 0143  -520.951
7 0.476 1.969 0907 0178  -304.768
8 0.776 0.950 0939  0.143  -520.951
9 0.476 0.985 0907 0178  -304.768
10 0.492 1.014 0968  0.105  -837.957
11 6.101 0.073 0.886  0.336 334.709
12 0.520 1.195/0.8220.969  0.102  -862.142

22 it F I 5" ) J5 v % 6 B e B T8 A
P TR B o AR, 6 b v R SR A I
B8 Ee A2 28008 0.855, 441X 6 il 74 7 32 Ja A 2 )
For N K B B KT 0.855 FlVINT 0.855 a7
R, e g8 BTG G IS 3 7 9 L T R A
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Table 6 Comparison of prediction accuracy of three LA model construction methods

LW e 58 b AR B AR B
Species Length-width ratio classification model ~ Optimal model Combined model

<<0.855 LIRVGATIE P edulis (88.04+0.82)% (91.2840.58)% (89.23+1.26)%
JERIAPUFETE P, yucatanensis (79.56+0.31)% (95.54+0.27)% (70.50+0.64)%
VUFEE P, caerulea (77.46+3.20)% (92.59+1.62)% (77.80£1.97)%

>0.855 WERR P, foetida (81.81£1.03)% (96.88+1.34)% (85.78+1.57)%

RGNS 2o L VG5 Passiflora Lady Margaret (90.29+1.43)%

(94.25+0.78)%

(84.54+1.37)%

FEmH V3535 P, laurifolia

(94.58+0.60)%

(94.35+0.63)% (93.37+0.60)%
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Eb/NT0.855 HIAEYIH , 73 2R A4 1 LA BEAY X 48
7T 7 S P TR B, AR T 3L LA S A Y
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