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Study on the response of leaf boundary layer humidity to soil moisture under

different weather conditions and its influencing factors
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Abstract: The humidity within the leaf boundary layer significantly deviates from the surrounding humidity, plant diseases
are often closely related to humidity. Predicting leaf boundary layer humidity is important for preventing plant diseases.
Consequently, grapes ( “Beibinghong”, “Jufeng” ) and strawberries (“Hongyan”, “Ningyu”) were chosen for thorough
research analysis. First, a comprehensive investigation was carried out to examine the trends of leaf boundary layer humidity
under different weather conditions and soil moisture treatments. Second, an in-depth analysis was conducted to clarify the
correlations between leaf physiological indices and leaf boundary layer humidity. Employing the principles of Support Vector
Regression (SVR), a predictive model for leaf boundary layer humidity was then developed. The results showed that; (1)

plant leaf boundary layer humidities are significantly higher than ambient humidity at distances of 1 mm and 5 mm from both
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the upper and lower leaf surfaces, with no significant difference observed at distance of 15 mm. In addition, the highest leaf
boundary layer humidity is found at distance of 1 mm from the upper and lower leaf surfaces. Moreover, the discrepancy
between leaf houndary layer humidity and ambient humidity was more conspicuous on sunny days than cloud days; (2)
under both sunny and cloudy conditions, the humidities within the leaf boundary layer are consistently higher on the lower
surfaces of leaves compared to their upper surfaces. Additionally, as soil moisture content increases, the humidities at
distances of 1 mm and 5 mm from the leaf surfaces exhibit a corresponding elevation; (3) the humidities within the leaf
boundary layer demonstrate a highly striking and positive correlation with net photosynthetic rate (P, ), transpiration rate
(T.), leaf water potential, stomatal length (SL), and soil moisture content. Nonetheless, the above humidities display a
highly remarkable and negative correlation with ambient humidity and distance from the upper and lower leaf surfaces; the
indicators are ranked based on their correlation with the leaf boundary layer humidity as follows: the distance between the
upper and lower leaf surfaces, environmental humidity,, net photosynthetic rate, soil moisture content, leaf water potential
stomatal length, and transpiration rate. (4) the leaf boundary layer humidity prediction model based on the Support Vector
Regression (SVR) had a coefficient of determination R of 0.938, which is above 0.9, which clearly illustrates a desirable
fit and superior precision. The leaf boundary layer humidity prediction model allows for rapid and precise forecasting of leaf
boundary layer humidity, which is important for ecological control of diseases and provides a theoretical basis for studying

the relationship between crop cultivation and the environment.

Key Words: leaf boundary layer humidity ; ambient humidity ; soil moisture content; predictive model
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Table 1 Test materials and cultivation conditions

) A 145 RT Planter size +&
Plant Species 5 High/cm HA% Calibre/cm Soil weight/kg
% Grape “Juvker” 35 32 14

“ Em%ﬂ
% Strawberry “LLE” 18.8 17.8 2.5

“ ?E[T:”

1.2 Rt

RISV 3 ALK IBERE | 43 510 a5 7K 519 40% .60% 80% , B NAbFR 3 i, RAAFRE "
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IKAT AR PR RE A B 0 A2 e o R RS A BE A
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BRI RT T LA 930, BEYLEBUEE AR _EZ=F 3—5 FtElgg 1 F s B, BIE R B ik A
TR 1 mm 5 mm 15 mm &b [F R IR AL RS (AR 1 SR -TH20BL-EX-H) , [& %2 Aij S¢ 4 B
T BRI AN LR AP IR , AN 10,00 FFERTHE, #EE 60 min 5 #F4 71324k, BN A03E 3 IRE K,
132 BRERIZHT

FE I R AR R Y R A PR (& [ Kestrel NK3000) 1 275 % P B HETAT 1.5 m AR
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UGBOFE, MR I A 2R E R E AR T & 2,
133 mFREAESEINIE
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FOUAARARET (PAR) 4351 740(4 H 28 H) \580(5 H 7 H) ,630(5 H 8 H) pmol m™ s™", AR BRZEIR 3
A AR AR IR , B AR AR BEALEE IO B 2F 3—5 it Z |1y 1 F ety dE ATl e Ve — Ik AL, X3
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Table 2  Meteorological factors in greenhouses

S4HF i K Sunny BHK Cloudy

Meteorological factor 4H29H 4H30H SH1H 4H28H 5H7H 5H8H
K Temperature/ °C 27.3 32.9 31.3 21.4 28.6 23.0
K Wind speed/ (m/s) 0 0 0 0 0 0

25 SAHRHEE Relative air humidity/% 36.9 46 42 51.8 57 59.7
CO, ¥ CO, concentration/ ( pmol/mol ) 465.7 506 429.3 498.3 524 431.3

1.3.4 MRS
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85 C FHET TRt AAE A3l sk A i T E (DW) |, TH5 8 (SLW =DW/LA ) , B Ab 3 3 IR,
1.3.5 MERR S REAIE

KT 95% 1 C BEHE IR R $2 30 BML3E BURE A AR A KA 1 o o PRI 0.2 g, BT
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Fig.1 Boundary layer humidity of different plant leaves on sunny days
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Fig.3 Photosynthetic parameters of plant leaves under different weather conditions
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Fig.4 Chlorophyll content of different plants
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Fig.5 Water potential of different plant leaves
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TR RO RSO R  HIRGERREE A BT A A R A S RO SC R . M) COL MR (C) F
SD 5 it Pr-FRSE I 22 ik B 3 RO . ARIEHG R AN R ER- 5 20 e R i s i iy e 100 SRR B R
AT (P<0.01) , I #5 HARSC R BOR/NIEATHEF ARG B it Jr b F R R PREGR R P, 35K
A K SLLT,

x4 ME-HEREEZSEZWEFHEXESN

Table 4 Correlation analysis of interleaf-ambient humidity difference with each influence factor

A e FHIEZ B Correlation coefficient

Impact factors %K Sunny BAK Cloudy %54 Comprehensive
K Leaf length 0.036 0.106 0.052
5 Leaf width 0.041 0.111 0.056
HJE K Leaf circumference 0.051 0.124 0.066
i A Leaf area 0.025 0.092 0.042
T Leaf dry weight 0.056 0.127 0.07
LIt 8 Specific leaf weight 0.018 -0.039 -0.001
64 % Net photosynthetic rate 0.079 0.214** 0.228**
FLRE Stomatal conductivity 0.078 0.142* 0.073
ZE [ K Transpiration rate 0.126 0.185** 0.124**
JfufE] CO,HeJE Intercellular CO, concentration -0.057 0.022 -0.115*
S H-432% Total chlorophyll 0.041 0.07 0.044

I 7K 3 Leaf water potential 0.193** 0.256** 0.188**
A FLIE Stomatal length 0.135" 0.221** 0.143**
SFLTENE Stomatal width 0.065 0.151* 0.082
SALEEFE Stomatal density -0.108 -0.184"* -0.117"*
B Ambient humidity -0.092 -0.156 " -0.387*"
+ 35 7K Soil moisture content 0.233** 0.287 " 0.220**
HE S Distance -0.851*" -0.824 " -0.738**

Fer o 1w A3 IFRIRTE P<0.05 Fil P<0.01 /KF T B2

2.4 M U RE TR NAS A g At

AR5 BB 1B 6 5 I 1 300 522 1 A S 70} o SO S
B (P<0.01) Nt T REBE FRERRIE 506 = ol
AHA(P,) IR IR LRI (SL) 8
BRI (T,) 367 MEFRIERHARHE S0 AARRE B2
HEAEA L AR R R BB gt RS
432 ALBEARSOE (0517 3 Wl B T80 bl SE
VLI 346 AUREAIEAT I, o B REACRUIRRD 80%% IR £ )
20% I REA PRI TIE, B 86 ALREA R ARERIEFF  ~ 40f
i, RIS AN 6 R, P AT R L 35 e
= BPREASF 2 Predicted sample number

DIRPTRRER 22 (RMSE) P RIZERTIRZE (MAE) J g wppaperssnsnmamysnniEs
JriRZE (MSE) HE RE(R) FFHEARE N PEMFE AR XS Fig6  Effectiveness of support vector regression prediction model
FMAR DR FE HEA T IEAT | 2405 MR 1R 22 (RMSE ) F1SF-24  validation for leaf boundary layer humidity
XF iR 22 (MAE ) B /N BLHRS B2 8 | 3577 1% 22 (MSE )

N HRGE REU(R?) R T 1 AERULA BERR AT PPN FR AR AN 3R 5 R, e T, b R s )2 0 B T A AR
IR E REGAE) T 0.9 BLE 2 0.938; B 75 iR 22 M- e X e 22 978 1 B 3 Z[6], ¥ 77122 4 0.004, 3L/
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Table 5 Evaluation metrics for leaf boundary layer humidity

= NIRRT AR A S RN ediction models
FEFNREE , BAHY A B 5N IREEHIT ARSI pring: pigmnting: Hirims YesE B
FY i AN A, 5 B B A A A L D S RS A e *
Boulard %" i 53 & ML AR VE YT R i 2 o 2076 ffffs 0.004 0938 -
R 2 5 S B 2B 2 0 5 mm &b 53 25 4 RMSE. #J 7 R % 2% ‘Ront mefl: square enor;MAE;¥fﬂé@ﬁwf

7 Mean absolute error; MSE : ¥ 751% 2% Mean square error; R* : JR3E 3
AT LI, HOGIERZ P A 00 5 )2 00 B A R
MR FERE 1 mm 5 mm 4034 B 358 FIREER R o
15 mm A i BRI EE SRR R T W E 2 A BRI 1 mm AR 3 AR R A B B
X 5HT AW AL,

I R 2 R B K g 2 S R O B ZE B VR R R AL A A DI ARG RS R M s S R
SRR R ISR W R R B4 S5, TR, 25 AR B AR 0y 28 o ok 56 T 25 97 3 R 4 A
Fhim 2 X R A B2 PR A AR S T RIS AE . H, B I BH 4 i B 4 59, 2 MDA E 3
T Y75 0 S R 2R, NI RELAS: 1 i i R N KPR 26 o BRI, Al b S R it 3 230 5 30
VR R 22 5 (FBR-IASR IR 22 ) ¥R B G K> K, i BR-PA B IR B 22 5t B HUR (P,) ZEIBH R (T)
B TEARDC , AW R, W R AR M5 R 3R A i R Y S T LRI, XA fRE 2
H TR B RS2 2D B, S8 BRI B T, AL G AL T OGRS it 7 R R AL T B A5
T, JEHRER S , v S ALECE AR R N A A M A R S ILE A T R R R T R A
EANR YRR SE R i ok T R T

AKX A AR B AR TR A R ZI N, RIOK A R SRR Y A K R Re , S BUR AL
A RZE RS ROKA AR, BOK R SR ATk, R ik sz BB, S 80T RO SRR, K
FLUB/IN I e ZE I 0555, AT AR T I i A2 A K PR i Rogiers 25 IiF5E 26 W 78 2 19+ 1E7k
ST R I B SR HEVE R A R T 7 KRS (i i B2 AR TR AR S R R R
AR 1 mm 5 mm A9 30 523 00 34 Bl 398 5 /K a0 s T v, PR - 22 5 R ALK EE(SL) . &
ek B DR X AT AT IR AL, AR ST R, £ O S ik
AR R X S AT 45 R — B0,

ANE P AE D RN S BA R R RS RN JBAR i A AR ZS RN N AR (], BRI I 6T it e 28 1 T
W 14 2 Tt AR Ti) DA Xt e i 2 P A S S i i — 2 i i R AR R A TE I B SRR
HIE S FHERES e — 2 AR b it o6 A FZEHRE i ss > AR R (L) 58 (W) I 1
FULA) MR (LP) MY B R A4 e ik 1 /K A5 SR RS 30 B I 2578 Al 2 A A
Yy oy PR e T 0 EE R AR, XK A3 AR A e 1 A BURR FE T R AR, s N BB AR AL LA SR80S,
LA DRI ZE IS RE K T R SO X A HOR IO ST A SRR, B K AR, AR R A b
R IE G BOR K I i2 R AL, ARSI Bon bR E 25 LW LP LA M5 TH(DW) &
MR R A X SR AR A RAR L, i R /K 3o A 1 A - KRR Z B K 53 ) F A8 bR, i 7K 3
BEARG , I B 7 it 2 Bl 22 AR, M I 7K S 7 A AR R R ) i S AR 9 205 SR — 3, Rt 5K
PG BRI A 22 A W A G OE R

¥4 Coefficient of determination

4 i
(D) Y B S e R B i i BRI 1 mm 5 mm Ab B & TR, A 15 mm 40 53F
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MR TC 0 2 S e R AR 1 mm AR R R A e, 5 PR EE A L, B R AT 27.66% —
30.51% ( - 3RT1H) 35.84%—39.87% ( 321 ) , IR AT H#2/5 9.73%—10.35% ( L 3M) 12.81%—16.42% ( T 3
1), IR i 200 R S PR B 1) 2 5 (W Br-PASE 1 3 22 ) R B IS R > B IR, L - 458 000 3 22 5 K 55 1)
FAH A4 126.82% (1 mm) | 187.44% (5 mm) ;

(2) R EFAREMET iR F R py ki i Y208 e i F LT, B R A F 381 1 mm 5 mm A0 ()
MRS R 8 R E T 20.99%—44. 16% | 23. 58%—36.43% , B K4y 42 5 T 25.94%—
59.45% 17.81%—112.21% ,i F - F £ 1 mm .5 mm M F 72 5200 5 BI5E + 38 K B 0 T m T e

()M R AZRRE SEOLAHER(P,) FEBHR(T,) MR KHE SILKEE (SL) | RS /K 20 5%
IEAHRKE R, SRR R RN b T T A I S 3 B A O

(4) BT ZHF AL (SVR) A2 A I Fr il S84 )2 00 B AR A | e R4k R 0.938, 383 T 0.9 LA L, #
B R RS B A

DB 2 S M i D RN R ) R R TR A S TR S 2 R T i 2R A5
Ay (A I 300 2 U AR TR R % Ay HL T U ASE AR ) A B (e SR | SR A P H A TR 7
e AT AT BB A A B Y E , DA . AR BUE R R | R Sl S IR AR R 4 o
R R 1) P AR (B DG P AT O TR 8 XU T ) R R A R R AR DA R AR I i )2 P R BELAS
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