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Characterization of plant leaf surface structure and its wettability

performance analysis

WANG Kaidi!?, WANG Shilin?, XU Tao?*3, QI Yannan*3, LYU Xiaolan>3, LI Xue">3"

(1. School of Automation, Nanjing University of Information Science and Technology, Nanjing, Jiangsu 210044, China;
2. Institute of Agricultural Facilities and Equipment, Jiangsu Academy of Agricultural Sciences, Nanjing, Jiangsu
210014, China; 3. Key Laboratory of Modern Horticultural Equipment, Ministry of Agriculture and Rural Affairs,
Nanjing, Jiangsu 210014, China)

Abstract: To investigate the surface microstructures and wettability of different plant leaves, scanning electron
microscopy(SEM) was employed to characterize the surface morphologies of four representative plant species: pear,
peach, pepper and rice. Meanwhile, the contact angles of four probe liquids-deionized water, formamide, ethylene glycol
and N, N-dimethylformamide on both adaxial and abaxial leaf surfaces were measured. Based on these measurements,
the surface free energy(SFE) and its components were calculated using the Owens-Wendt-Rabel-Kaelble(OWRK)
method. The results showed that the abaxial surfaces of pear, peach, and pepper leaves exhibited distinct elliptical
stomata, with pepper leaves showing a significantly higher stomatal density than those of the other three species. In
contrast, the adaxial surface of rice leaves displayed pronounced striated structures with uniformly distributed spherical
protrusions, whereas the abaxial surface was characterized by striped structures accompanied by numerous

symmetrically arranged circular protrusions. Pear, peach and pepper leaves exhibited hydrophilic behavior, while rice
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leaves were predominantly hydrophobic. For pear, peach, and pepper leaves, the contact angles on the adaxial surfaces

were lower than those on the abaxial surfaces, whereas the opposite trend was observed for rice leaves. Consistently, the

SFE of the adaxial surfaces of peach leaves was higher than that of its corresponding abaxial surfaces, while rice leaves

showed higher SFE on the abaxial surface. Furthermore, the SFE of pear, peach and rice leaves was mainly governed by

the dispersive component, suggesting stronger wettability and adhesion toward nonpolar liquid agents. In contrast, the

SFE of pepper leaves was dominated by the polar component, indicating that polar solvent-based agents exhibited

enhanced wettability and adhesion on pepper leaf surfaces.

Keywords: wettability; leaf surface; contact angle; OWRK method; surface free energy
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Table 1 Surface free energy and components for the tested liquids

mJ/m?
il 1L FEAMRE AR [ 3E gy
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Fig. 1 The microstructures of the adaxial surface and the abaxial surface of pear leaves
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Fig.2 The microstructures of the adaxial surface and the abaxial surface of peach leaves
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Fig.3 The microstructures of the adaxial surface and the abaxial surface of pepper leaves
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Fig. 4 The microstructures of the adaxial surface and the abaxial surface of rice leaves
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Table 2 The contact angles of tested liquids on the adaxial surface and abaxial surfaces of plants

Hi - FEfsf/(%)
EETK LR N,N- - H R H e FP Bt
£ TETA 65.06+8.68° 46.61+6.87< 19.14+3.74¢ 52.15+8.16°
i) 76.1442.50% 51.4348.43b 27.6242.44¢ 53.20+5.55°
Bk 1E T 70.44+2.97% 43.04+4.55¢ 20.58+0.16° 53.99+3.75¢
T 83.92+1.79° 59.116.50° 28.80+3.63° 66.13+6.09¢
HIAR ETH 67.50+4.01° 57.06+4.27% 60.13+8.02¢ 70.09+8.87¢
ST 82.46+2.76° 61.64+8.14° 69.50+4.14° 80.92+5.27°
IKFF N 128.20+4.97* 118.25+7.76° 119.64+4.74* 126.54+3.61°
S 118.58+2.56" 110.03+1.47 91.61+6.14° 95.45+1.06°
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Table 3 Surface free energy and its component of the adaxial surface and the abaxial surface of pear leaves mJ/m?
i T A I A hRE @ (I e f) B PEAHE (T o5 LE A1)
1ETH W-EG 36.92 12.60(34%) 24.32(66%)

W-DMF 38.59 23.78(62%) 14.81(38%)
W-F 37.93 21.73(57%) 16.20(43%)
F-DMF 37.95 24.44(64%) 13.51(36%)
EG-DMF 35.68 28.13(79%) 7.55(21%)
JCTE W-EG 32.92 25.69(78%) 7.23(22%)
W-DMF 33.49 26.67(80%) 6.82(20%)
W-F 48.51 46.99(97%) 1.52(3%)
F-DMF 37.23 21.54(58%) 15.69(42%)
EG-DMF 33.40 26.99(81%) 6.41(19%)

H: “W-EG FE/RKHllBK (WYFI Z —BE(EG)RIAL A,

i 3R ml A, BLIE v Y 2 E [ i EE S
32.92~48.51 mJ/m?, BRIEMEAIW-EGZHAL, HAAKM]
A B U R i T i, RIABLHSE St
AERHEZS R, DASE S T T R
2.3.2 MeetR@mAwMBRAESE

rgedn] A, Bk E T 2 A i AEh36.21~
38.03 mi/m?, Hp, W-FHEm A MERK, N
38.03 ml/m?, HAM:o- A0

°48.50 mJ/m?
F129.53 mJ/m?; W-DMF4L /)N, 43621 mI/m?, H:

>N

2543 5GBSR E A AR

WA 410,13 mI/m2A126.08 ml/m?,
Bt STE R T B AEON31.69 ~35.44 mI/m?, H
H, W-FZH3RTH A HABROR, #35.44 mi/m?, HiAk
Mo E 434 1.85 mI/m2F133.59 ml/m?;

W-EGZH /)N, H931.69 ml/m?, HMg k2B A ik
A 2.94 mI/m2HI128.75 mI/m2, Bk IF %
T A B AE R TR, Z5AE2n s, Bt
BORAR B85 K S ALSSH AT REAS R T
FAVE N S A e
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Table 4 Surface free energy and its component of the adaxial surface and the abaxial surface of peach leaves mJ/m?
T LORIIITE A H HAE RO EET ) BT )
TETH W-EG 36.87 27.39(74%) 9.48(26%)

W-DMF 36.21 26.08(72%) 10.13(28%)
W-F 38.03 29.53(78%) 8.50(22%)
F-DMF 36.91 25.06(68%) 11.85(32%)
EG-DMF 36.47 25.67(70%) 10.80(30%)
ST W-EG 31.69 28.75(91%) 2.94(9%)
W-DMF 33.12 30.65(93%) 2.47(7%)
W-F 35.44 33.59(95%) 1.85(5%)
F-DMF 32.93 29.76(90%) 3.17(10%)
EG-DMF 33.31 31.27(94%) 2.04(6%)
HE: W-EG R R (WYRIZ “REEGHAL A, £545(2) 530) A BN S s HARBLISER

P 43R nT 1, Ak 1 T A 2 A AR
31.69~38.03 mJ/m?, AkrFIE S A F e
T, RIABETSE A LAl
FRIZ557
2.3.3 et R@awAE e

FH RS AT T, BUBU IE T A 22 T8 B3 HHREM27.06~
4538 mI/m?, H, W-FHEHAMERK, N
45.38 ml/m?, HA A B A EET 5531 43.92 ml/m?

F11.46 mJ/m?; F-DMF4HER/)N, H27.06 mI/m?, Hik
PRI R 15.71 mI/m>F11.35 ml/m2,
BB 52 T )6 T RE R 19.58~32.52 mJ/m?,
H1, EG-DMFARIM A HAERK, 432.52 mi/m?, H
MRS A 50 1) 4926.67 mI/mPH1S.85 ml/m?;
F-DMFZH /)N, S419.58 mI/m?, HAR PR/ A i
Iy ESIHM8.93 mI/mAAI10.65 mI/m?, 454 34N

AR, BRI S A AL A A AROHLRE B T IR
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Table 5 Surface free energy and its component of the adaxial surface and the abaxial surface of pepper leaves mJ/m?
i T A R A hRE @ (I e f) RS (T o5 LE A1)
1ETH W-EG 38.70 5.03(13%) 33.67(87%)
W-DMF 36.06 8.17(23%) 27.89(77%)
W-F 45.38 1.46(3%) 43.92(97%)
F-DMF 27.06 11.35(42%) 15.71(58%)
EG-DMF 31.84 9.52(30%) 22.32(70%)
ST W-EG 26.98 20.50(76%) 6.48(24%)
W-DMF 23.31 8.61(37%) 14.70(63%)
W-F 25.60 3.52(14%) 22.08(86%)
F-DMF 19.58 10.65(54%) 8.93(46%)
EG-DMF 32.52 5.85(18%) 26.67(82%)

e “W-EG #FE/RKHllBK (WYRI Z —BE(EG)RIAL A,

A SIA AT, FOHM: 1E 52 1 2% 1 [ i RE A
19.58~45.38 mJ/m?, U 1E [ A9 18 H FH BB 43
W s T EE R A, ERTR A A W-EG
FIF-DMFHF, IR 52T B2 T A BE R B
b VGl s O e E Y o A e )
o AT b, FEIBOBUT I it FH AR M 4ok
257
2.3.4 KAgtA@mawRARESE

f e n i, JKARE M IE T A R A A RE R

2543 5GBSR E A AR LA

P AU 253 51000.61 mI/m2Fi11.83 mJ/m?,
KRG R 2R T H HBE R S5.21~12.99 m)/m?, H:
H, F-DMFZH3RTH A HABR K, 41299 mI/m?, H
WA A3 A 43 1) 4 8.83 mI/m?Ai14.16 mI/m?;
W-EGA /)N, H5.21 ml/m?, HA M8 @ L
A 1.98 mI/m2Hi3.23 mI/m?, JKAEM S IA
FA R R A MY RFIERP, Z56K4, i
S PR KRG I I T () B AR A B BOR0E G
e oa  PAT=  TT< < Be a & 1 L ST TS S

W R TR D 25
2.44~3.94 ml/m?, HAhW-EGLH MW [ g A, A zf %i?fj A;gzﬁégi;ﬁim ) VIR
3.94 mJ/m?, HAR AR L 553 53290.30 mJ/m? TR e
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