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Understanding the flowering process of litchi through machine learning

predictive models

SU Zuanxian"?, NING Zhenchen', WANG Qing', CHEN Houbin"*

('Guangdong Litchi Engineering Research Center, College of Agriculture, South China Agricultural University, Guangzhou 510642,
Guangdong, China; *Maoming Branch, Guangdong Laboratory for Lingnan Modern Agriculture, Maoming 525000, Guangdong, China)

Abstract: [Objective] China is the origin country of litchi (Litchi chinensis Sonn.) and the largest pro-
ducer in the world. The low or unstable yield caused by unstable flowering is a prominent problem in li-
tchi production, and the flowering time affects not only the maturity of fruit, but also the flowering rate
and yield of litchi. The meteorological factors including air temperature, relative air humidity, rainfall,
and wind level, and other factors including variety and tree age affect flower differentiation of litchi.
However, there is a lack of systematic research on how the development stage of litchi flowers is affect-
ed by the meteorological factors. Accurately predicting the development of the inflorescence and the
process of flowering duration, as well as correctly understanding the quantitative relationship between
the flowering phenology and the meteorological factors, is very important for the high-yield and quality
production of litchi. The machine learning algorithms can handle high-dimensional nonlinear data with
complex interactions, outperform traditional statistical models in ecology, and have been effectively
used for plant classification, phenology detection, crop growth detection, and yield prediction. The ob-
jective of this study was to develop regression models for litchi inflorescence development duration and

flowering duration using machine learning algorithms including RF and STR and to analyze and assess
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the importance and relevance of selected features on the flowering duration according to RF algorithm
in order to provide a theoretical basis for the prediction of litchi flowering period and realizing precise
regulation. [Methods] Firstly, the litchi phenological period data were obtained from the National Li-
tchi and Longan Industry Technology System (CARS), with a total of 2204 records. It covered 201 dem-
onstration litchi orchards distributed in 53 cities and counties in Hainan Province, Guangdong Province,
Guangxi Zhuang Autonomous Region, Fujian Province and Sichuan Province. The time span was
2009—2018, including 47 varieties such as Guiwei, Nuomici, Huaizhi, Feizixiao, etcs. The meteorologi-
cal data were downloaded from the website “https://tianqi.911cha.com/” and recorded at a frequency of
one hour, with meteorological factors including atmospheric temperature, atmospheric relative humidi-
ty, wind scale and rainfall. Feature engineering of the data, which involved removing irrelevant or re-
dundant features and ensuring that there was no high correlation between the retained features, was
used to improve the performance and generalization of the model. The six classical machine algorithms
including Classified Regression Tree (CART), K- Nearest Neighbor (KNN), Support Vector Machine
(SVM), Random Forest (RF), Stepwise Regression (STR) and Gradient Boosting Machine (GBM) were
used for training. The algorithms (RF and STR) with the smallest Mean Absolute Error (MAE) and the
highest residual error (RMSE) and the highest correlation coefficient (Ry) were selected for further pa-
rameter optimization and evaluation. A 5-fold cross-validation with 999 repetitions was performed on
all trained machine learning models. The random seeds are set during resampling, parameter tuning and
model training to ensure model reproducibility. The models were applied to be constructed in R-project
(version 3.5.2) and the ‘caret’ package was applied to tune the machine learning algorithm parameters.
[Results] The residual error of the model were 3.6-3.7 days, and the correlation coefficient were 0.97,
so the models had high reliability; The model was further verified with blind test data set of two-year’s
phenological ecological characteristics, and the correlation coefficient was between 0.98-0.99. It was in-
dicated that the series of prediction models could be applicable to accurately predict the development of
inflorescence. Similarly, the residual error of the model predicted the shedding period were 1.2-2.6
days, and the correlation coefficient were 0.88-0.97, so the model had high reliability; The model was
further verified with blind test data set of two year’ s phenological ecological characteristics, and the
correlation coefficient was between 0.96-0.98, Indicating that the series of prediction models could be
applicable to accurately predict the flowering duration. The daily accumulated temperature above 5 °C,
daily average temperature, wind level and rainfall were found to played an important role in the whole
process of the florescence period of litchi. In addition, a daily accumulated temperature above 24 °C
had great impact on the development of inflorescence, while daily a cumulated temperature above 18 °C
had significant effect on the flowering duration. [Conclusion] The robustness and predictive fit of the
regression model established in this study were high. After the verification of two year’s data, the accu-
racy and stability of the prediction were ideal. These models would be important to judge and regulate
the maturity period and market volume of litchi. And the characteristic features screened out were help-
ful to understand the complex influence of external meteorological factors on the flowering process.

Key words: Machine learning; Prediction model; Phenological phase; Inflorence development dura-

tion; Blooming duration
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Fig. 5 The evaluation of robustness and accuracy of predictive models for the duration of inflorescence elongation
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Fig. 6 The evaluation of robustness and accuracy of predictive models for the duration of blooming

TR 0.97 5 %5 2017 A1 2018 P9 4E 5 K648 F) TN Ry
B 55175 0.98 #10.98, =T STR [170.97 #10.96 (& 6-C
K 6-D) o 1] WA EAG IR U (1) &P, RF 8L
AL STR LAY NHAEAR K B FF AT e RF e AL &
A TG TR e AN [ 47 B2 08 U 22 BB AR

B s P DA AR 1 5 o B B (M MR R R OC &R, M
T 375 5 2R STR TR Fr 28 1tk 77 2«

IDD = 45.87+7.38 x MRH-71.89 x MT+165.17x
MTAS ; (5)

BD = 8.73- 17.67 x MT + 2.09 MWS- 23.14 x
MAT18+78.29xMATS5. 6)

MEAETTHRERT L, 35 2 SAERHR B VR T 5 °C
MUR S1EHUR B RRE 2 IEA ¢, 1T KR
5K RS E MK PRI KT 5°C
R 5 FFAERF S A 52 TR AH O, T P38 KR VKT
18 CCHAR 5 AERF AL 2 AR G
2.4 SFEEEMFEN

FH RF B2 A5 35 A 4l 57 [0 AT o) A ik B 2242

TTHER , 455 PANRRE S CORR, A CORR., 327 %
TR B R S R A6 15 S S B AH DG 1 SR A R AR 1)
HEME . X THAMFHESE R G B RF BEIAM EH 2
PEFR AL AR 2 VP, 110 PR AR OC R B il 4 H ek
F B PP

MBI 7-ART LLE KT 5 CCRUIRX e R &
o J A 750 A B o T | 2 MR AR R DG A A
SR AR EE N AEAR R B RS I A 2 M AR DG 22
e T 2R PRI AR AR OC s P X ) SRR K B FEE
B ARPEAN G, P B R, m TP BRI R A
SR A SRR, B A B AR R B R
PR (1 B MR B . I 7-B 0] LA i, XA
Fr SR AR AR B 5 B [ 4 4 FARAE e AT S R AR
IR PEAR D AT B AR DS MR I S TR R B R4k
WIS RUAR R . T AAE H VI A A7 H e R & 4
SRS AR R S R () M AR 94k, K
T 18 CCARINS AL FF 42 A B (s e B2 gy T KT
24 CCHA N ALK B FF 22 IR 52 i, w00, 42



1054 B ¥ R F 424
A
KT 5 °CRLE MTAS | —_— v KT 5 °CRLUE MTAS | — e
; P RAAIRE MT — o
PIIRARSE MT —%—o it 2
SRR & MP | —_e A v
TR ST MWS | v —e
o o TEIRSIMWS | w—e
1=} =
g TEIRE A MP ¢ e B THACUHARRE MRH | —e &
[ 3
;E% KT 24 °CRUE MTA24 ey E KT 18 °CHUE MTAIS | —o 5
WAEH EBD |+ -
MHA7H ID fav -
WAE"HID | » -
P A SRS MRH o T
Wl Age hy Wit Age | e
05 00 05 10 00 04 08

E7 BENHFHRERIFEFHENNTERLERFEH (A) MAREEE (B) WEEM (EEHED. Pearson (BB=f
) X0 Spearman CREZE=MAF) HEM

Fig. 7 Ranking of relative feature importance (black oval) using Random Forest, Pearson (orange triangle) and Spearman

(dark green triangle) correlation coefficients between features and the duration of inflorescence elongation (A) and the

duration of blooming (B)

KA G WD R U T e R E R
3 3
EMPESS[SKRBIBENENX
by DU 2 — Foh A 8 B % 22 A 0 5 300, ]
DAV A b 0 3% A 5 b s RN ol (0 A A e D, S (454
MEASA I o — F H AR . Ik TR 18 BGE K
MRSEE SEN PN =R X R RN ¥ S - s A =P 1
KA EMG S T Bedh i 1 A% Go A 40 A 00 1) AR
B, H IR e 5 AT A7 A5 25 8] 2 3 20 R PR i e
RARAE BB 5 PR b b TRDWE I SR 15470 e 301 25040 AT 98
W 3 SRR S ZA R N B T R T B . K
TR PE VAR 2R H 2009 4E AL LK, FE) AT
VG R AR 2 B AP )1T 6 N8 X 0 b X
SETH B IS 55, G5 — il 8 Wk SR A R R
P BN RIZAT LR, O R Gud R 1500
S TSR BE S R AR B RIT R T &
B
3.2 RENTN REHEMEBE X 51

WG S BT S RE 5 0T AR A AR A i 7
B TR, U R T R - H RS, R
ST T IR ST P IR AT, 2B T I I A AR A
A2 SR B B R B 4 1T BN AR A A % e A
S BRI F i ARAR U H RN BB B (AR 7
w75 A s A A 4 PF R AR ER AR IR B A T G iR

it

3.1

A AE 2 S EUH 2 K 2. it B0 5 75 B
ALK UL P R R B e M X
X 75 B 4 P —— 0 58 VIR R ARG KR
AT T RGNS EHE T, I IX L 5T
AR A IAE 10 H 16 HAE 10 H 31 H2 0|, LA
JHARTE 1 H 15 HEr HEE 28 L (1 7, il LAFE
2L R AT N S AL R e
TR FE T8 R A O S A ik ) o IR
=P, — N NFEZE M 20 °CRL B R AL 2
10 °CUA I R T 34 B ALY, AR 46 A Xof ik B2 A%
RN EAR KRR R EZR PR, BEK E N
N T R T R A E R T, 7
BAE LR KT R IE O A RIS 208
J& 0] e 2 MR R ) B R ZE AR, BRI RS TR B 22
T, RHFFEE SRR, KT I 5 G 2 0 S
TEAE AL B i fe Y, Bl R I R ST e AR
O, G 25 A I ARG I IE . KT 5 °CRUR LA IT
A6 T rp P 2 SO T AR 7 RR S TR] R i
Ko KT 24 CRRIRNETE ZF 404k, (HRF L S iR 7T R
PR RAE R, 5 a0 AR 4aE — 3. ek, P30
B P35 X RSP 2 B e R B R A 51
R G IR B, R AL K B JE WX s
TR BUS M B TR B .
SEHAEARWE IR AR T 308, (HBE L AR AR
RIEE T AN RE A AN TR IE R AR R AE



55

TR E S S I AL AR ] TR R PR 7 T e AR

1055

R A e T A BN G IS BEATLAR AR
VAL 7 RAIE B L, R I AR Z A AR, (T 38 R SR
FEXTAE TR B RE S AR e R D AR (KT
5 CRUR) 5L CPY KA ) AR A i RF 15
TR AN G0 B FRAAA T . STRABEA ()56 Rt e e T
FAFIEZ AR R o 8T 45 & LR HEWT 7 ik
Cly DL 37 R0 28 ) RN 45 45 SHAP {8 S5 iR 7 134T
RN
33 MRGBRNEX ERS5NA

H 2014 4Lk A [ 7 A FE AR I 3.6 /5 hm?,
RIS 200 F7 t, MR FR T B4R (EIL 280 2
T8 AR — - R T AE 6 H A ek BT,
FE I E B oh % X SRR R I EEAS TR T o X & A
27 Xt ol B D AT T A U, T LA 5
P E B TS, Yk T3 KU, )= kAR e R
AHEEER L. R E 2T A B FR S
[ (14K R e SR S R s ) M R P i g SRR E T
SEMIAE R B TR AL , BT UIIR X 74 b T 16 3R 1)
PR, TE T R AR ) S At TR Jl o et ko ek b 1
5 6 AT SR S AU PR A 254 e L A e PR S A
.

4 & B

HEAL T AR X ARTE K R S AT AR RS )
RF A1 STR [F 45, FET 5 %558 XIRAIEA 999 K &
PRI, o AR AR E FE R T 38 7 AR AR ZE
3.6~3.7 d(R*=0.97) , Hilll R*=0.96; FF 1L FF &L 1115 7
R 2 1.2~2.6 d(R*=0.88) , 5 M| R*=0.96, ¥t 1% &
BRI A g s (R HE R P A A v L KT 5 °C BRI
H P 230 5% XU DA B [ W 846 735 B AL IR BN T T
AR EEAE ], KT 24 CCRUR AT IERE & B 5201
3 PN AR R SR AL PSR A

Bt A TAEAF B B R A AR Ok R AR
Ao AEN GHIT R VGEY L B AR RN AL
MTI PN BRLFELSREEALH TR
Z By, A Hs)

£ 23k References:

(1] g . ZEbeEM]. JE5: e ER O B L, 2008 :44.
LI Jianguo. The litchi[M]. Beijing: China Agriculture Press,
2008:44.

[2] MENZEL C M. The control of floral initiation in lychee: A re-
view[J]. Scientia Horticulturae, 1983,21(3):201-215.

[3]

(4]

(3]

(6]

(71

(8]

9]

[10]

(1]

[12]

TR IS TR, T, TR BREA | 5RO A
REHH R WIROR B A 58 R0 TE[]. R
#%,2023,40(8): 1628-1639.

SU Zuanxian, YANG Shengnan, HUANG Yue, WAN Zhiyuan,
SHEN Jiyuan, CHEN Houbin. Relationship between flowering
rate and fruit set, and the dates of “white millete” appearance
and last autumn shoot flush maturation in litchi[J]. Journal of
Fruit Science,2023,40(8): 1628-1639.

RIS , 256 5 TR OR , SKRZLIR, T, J) 3030 . SR AE 25 AL AT
FEREFE[I]. AR, 2014,47(9): 1774-1783.

CHEN Houbin, SU Zuanxian, ZHANG Rong, ZHANG Hongna,
DING Feng,ZHOU Biyan. Progresses in research of litchi floral
differentiation[J]. Scientia Agricultura Sinica,2014,47(9):1774-
1783.

SUZX,LIULY,LIY Q,CHEN H B. Predicting flower induc-
tion of litchi (Litchi chinensis Sonn.) with machine learning tech-
niques[J]. Computers and Electronics in Agriculture, 2023 ,205:
107572.

SR, AT, RN, G, U A F RS R
B IRAE 3 10 6 R IR ). B 1R 90 4k, 2012, 33(3) - 402-
407.

LI Zhiqiang, YUAN Peiyuan, QIU Yanping, LI Jianguang, FAN
Chao. The relationship between winter irrigation and spring
flowering of Guiwei litchi trees[J]. Chinese Journal of Tropical
Crops,2012,33(3):402-407.

SPARKS T H, MENZEL A. Observed changes in seasons: An
overview[J]. International Journal of Climatology,2002,22(14):
1715-1725.

AR . A R B RO AE 5 RS A K G4 BT [D).
BRSSPI ke, 2013.

ZHANG Qian. Analysis of the effect of meteorological conditions
on the flowering and fruit growth of Korla Fragrant Pear[D].
Urumgi: Xinjiang Normal University,2013.

TEIWE R, SR8 S, T, MW, sk, 3557, WmE R 4
TEAEE N LRV, MRl B 22,2014, 50(10): 42-48.

FAN Xiaoming, YUAN Deyi, TANG Jing, TIAN Xiaoming,
ZHANG Xuhui, WANG Bifang, TAN Xiaofeng. Biological char-
acteristics of flowering and pollination in Castanea henryi[J].
Scientia Silvae Sinicae,2014,50(10):42-48.

CLELAND E E, CHUINE I, MENZEL A, MOONEY H A,
SCHWARTZ M D. Shifting plant phenology in response to glob-
al change[J]. Trends in Ecology & Evolution, 2007, 22(7): 357-
365.

LIU Q,PIAO S L,FU Y H, GAO M D, PENUELAS J, JANS-
SENS I A. Climatic warming increases spatial synchrony in
spring vegetation phenology across the Northern Hemisphere[J].
Geophysical Research Letters,2019,46(3):1641-1650.
REICHSTEIN M, CAMPS-VALLS G, STEVENS B, JUNG M,
DENZLER J, CARVALHAIS N, PRABHAT. Deep learning and
process understanding for data- driven earth system science[J].

Nature,2019,566(7743):195-204.



1056 3 L)

4

{: F424

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

ALMEIDA J, DOS SANTOS J A, ALBERTON B, TORRES R
D S, MORELLATO L P C. Applying machine learning based on
multiscale classifiers to detect remote phenology patterns in Cer-
rado savanna trees[J]. Ecological Informatics,2014,23:49-61.
DAIW J,JINHY,ZHANG Y H,LIU T,ZHOU Z Q. Detecting
temporal changes in the temperature sensitivity of spring phenol-
ogy with global warming: Application of machine learning in
phenological model[J]. Agricultural and Forest Meteorology,
2019,279:107702.

THESSEN A. Adoption of machine learning techniques in ecolo-
gy and earth science[J]. One Ecosystem,2016,1:e8621.
CZERNECKI B, NOWOSAD J, JABLONSKA K. Machine
learning modeling of plant phenology based on coupling satel-
lite and gridded meteorological dataset[J]. International Journal
of Biometeorology,2018,62(7):1297-1309.

BREIMAN L. Random forests[J]. Machine Learning, 2001, 45
(1):5-32.

ZHAOH S,ZHU X C,LI C, WEI Y,ZHAO G X,JIANG Y M.
Improving the accuracy of the hyperspectral model for apple
canopy water content prediction using the equidistant sampling
method[J]. Scientific Reports,2017,7(1):11192.

AONO Y, KAZUI K. Phenological data series of cherry tree
flowering in Kyoto, Japan, and its application to reconstruction
of springtime temperatures since the 9th century[J]. Internation-
al Journal of Climatology,2008,28(7):905-914.

SPARKS T H, CAREY P D. The responses of species to climate
over two centuries : An analysis of the Marsham phenological re-
cord, 1736-1947[J]. Journal of Ecology,1995,83(2):321.

LIU Q,PIAO S L,JANSSENSIA,FUY S,PENG S S,LIAN X,
CIAIS P, MYNENI R B, PENUELAS J, WANG T. Extension of
the growing season increases vegetation exposure to frost[J]. Na-
ture Communications,2018,9(1):426.

SMITH W K, BIEDERMAN J A, SCOTT R L,MOORE D J P,
HE M, KIMBALL J S, YAN D, HUDSON A, BARNES M L,
MACBEAN N, FOX A M, LITVAK M E. Chlorophyll fluores-

cence better captures seasonal and interannual gross primary

(23]

[24]

[25]

[26]

[27]

(28]

[29]

productivity dynamics across dryland ecosystems of southwest-
ern North America[J]. Geophysical Research Letters, 2018, 45
(2):748-757.

RICHARDSON A D, HUFKENS K, MILLIMAN T, AUBRE-
CHT D M, CHEN M, GRAY J M,JOHNSTON M R,KEENAN T
F,KLOSTERMAN S T,KOSMALA M,MELAAS E K,FRIEDL
M A, FROLKING 8. Tracking vegetation phenology across di-
verse North American biomes using PhenoCam imagery[J]. Sci-
entific Data,2018,5:180028.

LIU Q,FUY H,LIU Y W,JANSSENS I A,PIAO S L. Simulat-
ing the onset of spring vegetation growth across the Northern
Hemisphere[J]. Global Change Biology,2018,24(3):1342-1356.
CHUINE 1. A unified model for budburst of trees[J]. Journal of
Theoretical Biology,2000,207(3):337-347.

FUY H,PIAO S L, VITASSE Y,ZHAO HF,DE BOECK HJ,
LIU Q, YANG H, WEBER U, HANNINEN H,JANSSENS I A.
Increased heat requirement for leaf flushing in temperate woody
species over 1980-2012: Effects of chilling, precipitation and in-
solation[J]. Global Change Biology,2015,21(7):2687-2697.
LAUBE J, SPARKS T H, ESTRELLA N, MENZEL A. Does hu-
midity trigger tree phenology? Proposal for an air humidity
based framework for bud development in spring[J]. New Phytol-
ogist,2014,202(2):350-355.

Wi B . BRI 3 B R R 0L « 75 2018 4 o [ [ g5 B
VIR S T I A 2 BB, o B ol 2018
(3):6-7.

CHEN Houbin. The development of China’s litchi industry: In
the 2018 China International Litchi Industry Conference open-
ing festival and press conference speech[J]. China Tropical Agri-
culture,2018(3):6-7.

JRE S RIS L RIS, HGEUR L 2020 A 3RIE 7 A A XK
PEPETE M) BT AL A4, 2020, 51(7)  1598-1605.

SU Zuanxian, YANG Shengnan, CHEN Houbin, SHEN Jiyuan.
Analysis of the production situation for litchi in main planting
areas of China in 2020[J]. Journal of Southern Agriculture,
2020,51(7):1598-1605.



