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Online Diagnosis and Decision-making System for Crop Growth
Based on Internet of Things and Large Language Models

Zhang Yuezheng' Yuan Tangxiao'? Xu Junshan' Fang Zhuquan' Liu Linyan'
(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China
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Abstract; The integration of Internet of Things (10T ) technology with large language models ( LLMs)
offers transformative potential for precision agriculture. It introduced an intelligent crop growth diagnosis
and decision-making system that combined IoT sensors with the GLM — 4 large model to enhance
agricultural efficiency and management. The system analyzed crop conditions to provide real-time
agronomic recommendations, bridging the gap between advanced research and smallholder farmers. The
system architecture comprised four layers: field control, system modeling, data analysis, and decision
support. The field control layer used multi-source sensors to collect soil and air parameters, and crop
phenotypes, uploading data via an ARM processor and 4G module. The system modeling layer integrated
literature, expert knowledge, and real-time data to create crop growth and environmental response
models. The data analysis layer employed temporal alignment algorithms to compare ideal templates with
actual data, quantifying deviations and generating prompts for the large model. Leveraging the GLM —4 —
Plus model, it provided solutions for environmental regulation and pest/disease management,
implemented through actuators for closed-loop control. The system’s core innovation was its collaborative
analysis framework combining “ sensor-based quantitative monitoring + farmer natural language
description + large model intelligent diagnosis”. This approach integrated quantitative sensor data with
farmers’ qualitative observations of crop abnormalities, overcoming traditional IoT limitations in detecting
subtle growth anomalies. The domestically developed GLM — 4 — Plus was applied to an agricultural
decision support system, using structured prompt processing for precise diagnosis of issues like nutrient

deficiencies and environmental stresses, and targeted interventions such as irrigation adjustments and
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fertilizer optimization. A two-month field trial in Shouguang City, Shandong Province, validated the

system’s effectiveness across tomatoes, sweet peppers and strawberries. A case study demonstrated the

system’s ability to diagnose yellowing tomato leaves, attributing it to suboptimal temperature, low

humidity, and insufficient light. Implementing GLM — 4-recommended measures significantly improved

plant health. The system also addressed uneven fruit development and excessive stem elongation,

demonstrating adaptability across growth stages. Future research aimed to expand crop coverage, enhance

environmental robustness, and explore edge computing for real-time control. By synergizing loT-based

sensing with LLM-driven decision-making, the system democratized advanced agronomic knowledge,

offering a practical pathway for data-driven sustainable agriculture. Empirical results confirmed its

potential as a key technology for global agricultural transformation.

Key words; crop; growth model; sensor monitoring; large language model; online diagnosis and

decision-making system
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Fig.4 Morphological characteristics of crops

4.2 BEEKIMEERNA

AW IR T — A SR 3 S i B AR R B A A
ZAERI DL ZNHS A B 6 R e Ak oo 3 H Ry
Fefl o R E AL AR AT BT L AR A YT T
FE T RS I ) 4G BH R R SRR A 1 IR 8
B b2 =T 6

Ve T Ll AR A8k B T RS A RS v A R B
Tl A R M0 0 A% JRR 2% AR 46 HE AT S50 or . HLR T

ERGEACITR R O NIE A TR R oy Y s i
By, O T R AR RS TT A OF S A B e B R R R
B R s E AT T AL BE B R AT — 5K I [A]
7N R B AR S ) Be i AR aR e . PR
RSN S Fros o

x3 RIEMTESH

Tab.3 Data acquisition parameters
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Fig.5 Ideal environment model
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Tab.4 Problem description
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1. sensor_df = pd. read _excel (“sensor _data. # Jill 4% 1% &
xlsx”, parse_dates = [ “Date” ] ) 5 B
2. bio_df = pd. read _excel (“KAEY A Y. #E E Y
xlsx™) R

3. bio_df[“Date”] = bio_df[“Day”]. apply # % H il
(lambda x: start_date + timedelta( days =x))
4.  merged_df = pd. merge ( sensor_df, bio_df,on = # &I %%

“Date” , how = “outer” ). sort_values( “Date” )

user_temp = float (input( “J@JE(C):"))
user_humidity = float (input (“FHXVEEE (% ) ;"))

6. target_date = df [ “Date” ]. min ( ) + timedelta # 3K H Bl 48
(days = current_day) A
#2553

user _ temp-optimal _ data [ “ Ji&

7. differences = {
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8. glm = GLMHelper( “API_KEY”) #98 F K

3

9. prompt =" “ M4 LA N HOHE R AL R A A # 4G g R OR
STRNRIL i

10. glm_advice = glm. get_advice ( prompt) #3R B

11. print( glm. get_advice( prompt) ) # 3
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Tab.5 Example parameters

A RBE/ AXRER OLMERE ehr mhmEAR R/

Py " )
Wi /d - C /% FE/x e Ei g4 m
1 30 20 35 3000 8 0.5 0.30
2 50 25 60 8 000 10 0.5 0. 60
3 30 28 50 6 000 12 0.8 0.40
4 15 24 65 8 000 6 0.5 0.15
5 30 26 55 11 000 10 0.8 0.25
6 45 22 70 9 000 15 1.0 0.40
7 20 18 75 5000 4 0.6 0.08
8 50 16 60 9 000 18 1.2 0.12
9 70 20 65 12 000 25 1.5 0.15
x6 REFTRK
Tab.6 System analysis feedback
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Tab.7 Comparison of diagnostic results
£ i R AR 2
S TN O T
L, B AT D €
1. JHiE & 24 ~26°C
2. HHRE 60% ~70%
3. M6 % 8000 Ix

B X ) At

BB KRR R

I 72 1 BUR ) -

B N AR bR A RE B

3 eqiES
RGBT SaE KRB B TR

SEKE GBI AN e I
LT 4 AL
A R i 4 A B
T aEHEL e
TR AT ENRE WA

60% ~T70% ;% TOGHA MG &L, RGEE AL
2ROt RE DR B R 4% 2 8 000 Ix,

FEOK B A B 7 1, 2R Go AR 4k S 45 2 ) A ) 445
T ) BB T R AR ME AR ST R R IE , OF 2 T e +
AL TR B B0 2 R HE R e, S0 SR 4 0 2 it
o XT3 M MER RS, R E EEIREA
JIES ot P, 20K 717 3 2ok 5 8 2R B8 1 ST GG 0. 3% B R
TR W, A RO ) ZE e B AR O R S R
Ho WA, R GEA Wl B SR U o B gl 2 i i 1%
2R IEFHANTEBH LT AH RS, AL
Tl BB R4

RGFFECR BRSOG4 KB K
B R A5 BRI T 2 AT R AT, B e
(R W D=2 W — I 42— S 45t ™ PR 3R A BAIL ), X R
Al 45 7 SR BT Al A 7 A o AL A B A
oA P BRI TR AR S TR AR AR O &

7

5 #ig

(1) RGekgd 11 B Wil 5 A 815 5 14 b A
LI I PR IRIS W RE AL . T o AR RS SR AR R
[ s 2 53 A P A A ROIR B0 1) B 3, TR 1 e
BB A RARZ T R o XA AT 19 B R 4R
77 3 B ARIIE TR S EOROR s AL, SR TR
WL ) S B A RRFAE

(2) RGBT E KRR 2w 512
Wro 2T 15 0% B s A P ik, 455 GLM — 4 -
Plus #8173 47 BE 1, & G0 RE S M (] | PR AR (3R 853
FIIR) R 4 A2 B2 LR S AN R A KRB . X PR 2 f
JEE B DAL 7 3 D e D SR R AL T B A T AR KA

(3) FeHBMAISAE T RGN L e AR HEYT
AR KRR, RGN AT T A A s il R
SRE AR IR, IR T BRI



334

P A1 M S 4 2026 4

[4]

[5]

(6]

[8]

[9]

[10]

[11]

2 £ x W

Liao W, Zeng I, Chanieabate M. Mechanization of small-scale agriculture in China: lessons for enhancing smallholder access to
agricultural machinery[ J]. Sustainability, 2022, 14(13) . 7964.
AnZ, Yang Y, Yang X, et al. Promoting sustainable smallholder farming via multistakeholder collaboration[ J]. Proceedings of
the National Academy of Sciences, 2024, 121(21) : €2319519121.
Hamiltom S F, Richards T J, Shafran A P, et al. Farm labor productivity and the impact of mechanization[ J]. American
Journal of Agricultural Economics, 2022, 104(4) . 1435 - 1459.
Flores H, Villalobos J R, Ahumads O, et al. Use of supply chain planning tools for efficiently placing small farmers into high-
value, vegetable markets[ J]. Computers and Electronics in Agriculture, 2019, 157 205 -217.
Klerkx L, Rose D. Dealing with the game-changing technologies of Agriculture 4. 0; How do we manage diversity and
responsibility in food system transition pathways? [J]. Global Food Security, 2020, 24 . 100347.
Naseer M A U R, Ashfaq M, Hassan S, et al. Critical issues at the upstream level in sustainable supply chain management of
agri-food industries: evidence from Pakistan’s citrus industry[ J]. Sustainability, 2019, 11(5): 1326.
Li M, Fu Q, Singh V P, et al. An optimal modelling approach for managing agricultural water-energy-food nexus under
uncertainty[ J]. Science of the Total Environment, 2019, 651 1416 — 1434.
Jahed H, Arasteh H. External organizational factors influencing commercialization of research results[ J]. Quarterly Journal of
Research and Planning in Higher Education, 2023, 19(1) . 45 - 68.
FIHESE A 2R AE , E 2ok, 5. BT NDVI B J5 45 fiE 59 45 90 RE AR 97 58 5 18 JBOR 4 PR30 [T ] &R0 HLBK % 31, 2025,56(5) -
370 - 383.
Bai Yanying, Yang Ronghua, Wang Huiyong, et al. Crop sample expansion and fine remote-sensing recognition using NDVI
time-series characteristics[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025,56(5) :370 - 383. (in
Chinese)
WL INEEDS , BSER A SR T RN 2GR (5 B 5 Sr BRI Al A 09 /8 22 i T AR AR BRI [T ROl B A ik L 2025,
56(3):334 —344.
Qi Hao, Sun Haifang, Lii Liangjie, et al. Wheat leaf area index estimation based on fusion of UAV multispectral information
and texture features [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025,56 (3):334 - 344. (in
Chinese)
BRRT7 AL W BRI T, 55 A= i s P IR B RO e i B AR AR R GRS [T ] R AL A 41,2023 ,54 (10) : 133 -
141.
Guo Dafang, Du Yuefeng, Li Xiaoyu, et al. Digital twin system for agricultural machinery with cloud — fog — edge — terminal
architecture[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023,54(10) :133 —141. (in Chinese)
TR, =W, A TR IR B R B = 5 50N O [T] . R AL 41 ,2025,56 (2) :485 - 494.
Yu Meiling, Zhou Yuncheng, Hou Yuhan, et al. Greenhouse scene recognition method based on local image feature
aggregation[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025,56(2) :485 —494. (in Chinese)
Feng X, Yan F, Liu X, et al. Development of IoT cloud platform based intelligent raising system for rice seedlings|[J].
Wireless Personal Communications, 2022, 122(2): 1695 - 1707.
Zhao Y, Yu Y, Kang J, et al. Intelligent irrigation system based on NB — IOT[ C] /2022 IEEE International Conference on
Mechatronics and Automation (ICMA). Guilin:IEEE,2022. 1419 - 1424.
Lloret J, Sendra S, Garcia L, et al. A wireless sensor network deployment for soil moisture monitoring in precision agriculture
[J]. Sensors, 2021, 21(21) . 7243.
Atmaja A P, Hakim A E, Wibowo A P A, et al. Communication systems of smart agriculture based on wireless sensor networks
in IoT[ J]. Journal of Robotics and Control (JRC), 2021, 2(4) . 297 - 301.
Kumar G K, Bangare M L., Bangare P M, et al. Internet of things sensors and support vector machine integrated intelligent
irrigation system for agriculture industry[ J]. Discover Sustainability, 2024, 5(1): 6.
Zzou K, Shan Y, Ran D C, et al. A deep learning image augmentation method for field agriculture[ J]. IEEE Access, 2024,
12 37432 - 37442.
Devi P S, Rajan A S. An inquiry of image processing in agriculture to perceive the infirmity of plants using machine learning
[J]. Multimedia Tools and Applications, 2024, 83(34) . 80631 - 80640.
Agilandeeswari L, Prabukumar M, Radhesyam V, et al. Crop classification for agricultural applications in hyperspectral remote
sensing images| J]. Applied Sciences, 2022, 12(3) : 1670.
Eunice J, Popescu D E, Chowdary M K, et al. Deep learning-based leaf disease detection in crops using images for
agricultural applications[ J]. Agronomy, 2022, 12(10) : 2395.
Qu C, Boubin J, Gafurov D,
International Conference on e-Science (e-Science). Salt Lake City; IEEE,2022. 148 - 158.

et al. UAV swarms in smart agriculture: experiences and opportunities| C ] /2022 IEEE 18th



5 19 4 A IE & FET YRS IR F B REYE KIEL K SR AR 335

(23]

[24]

[25]
[26]

[27]

[28]

[30]

[31]

[32]

Victor N, Maddikunta P K R, Mary D R K, et al. Remote sensing for agriculture in the era of industry 5.0: a survey[ J].
IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, 2024, 17 5920 - 5945.

Reedha R, Dericquebourg E, Canals R, et al. Transformer neural network for weed and crop classification of high resolution
UAV images|[J]. Remote Sensing, 2022, 14(3) . 592.

Wolfert S, Ge L, Verdouw C, et al. Big data in smart farming-a review[ J|. Agricultural Systems, 2017, 153 69 - 80.
Kamilaris A, Kartakoullis A, Prenafeta-boldii F X. A review on the practice of big data analysis in agriculture[ J]. Computers
and Electronics in Agriculture, 2017, 143, 23 - 37.

Fati, 12038, X0 Bl TR v AR 25 K R [R] AR R el K H AL [T ] R B RO (P 3E ) ,2025,7 (1) :20 -
32.

Jiang Jingchi, Yan Lian, Liu Jie. Agricultural large language model based on precise knowledge retrieval and knowledge
collaborative generation[ J]. Smart Agriculture, 2025, 7(1): 20 —32. (in Chinese)

XI5 TR TR (Y /N2 ORI B 6 R RT3 A 2 A 2R [ D] Jb st v B AL B2 B ,2024.

Liu Keyi. The research on the automatic construction of wheat sharp eyespot control knowledge graph based on large language
models[ D ]. Beijing: Chinese Academy of Agricultural Sciences, 2024. (in Chinese)

TRER, HBC RS BT 20 BSOS B0 SO R AR Bl 00 A= ) B AR ICL ) ). Aol BLAR % iz ,2024,55(10)
295 -305.

Zhang Huichun, Tian Qifei, Bian Liming, et al. Plants biomass acquisition based on morphological, color and texture features
of multi-view visible images[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2024 ,55(10) :295 - 305.
(in Chinese)

BT 0, S UK BRC, 56. BE 138 gl WK 45 M 1) KRB bk = 4 T SRR IO T ). R HLBE 2 4 ,2020,51(6) ;209 -
219.

Liang Xiuying, Zhou Fengran, Chen Huan, et al. Three-dimensional maize plants reconstruction and traits extraction based on
structure from motion [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020,51 (6):209 - 219. (in
Chinese)

Jones ] W, Hoogenboom G, Porter C H, et al. The DSSAT cropping system model[ J]. European Journal of Agronomy, 2003,
18(3): 235 -265.

W& K. SuperBench[ EB/OL]. (2024 —12—31)[2025—07 —24]. https: // fm. ai. tsinghua. edu. en/superbench.

(E#% 324 TT)

[15]

[16]

[17]

[18]

[19]

WA, AT, 250, 4. S5 T il DeepLabV3 + 11955 22 1 B JC A M2 R RMR 43 B0 T e 58 [T ). R LB 24 31
2024 ,55(5) :186 - 195.

Wu Jinlong, Wu Honggqi, Li Hao, et al. Segmentation of buckwheat by UAV based on improved lightweight DeepLabV3 + at
seedling stage[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2024 ,55(5) ;186 — 195. (in Chinese)
KNG 2R RLAK, SR AL T A8 ()3 R ) A AT AR T A AR K JE AL H 8] B A AG I [ 7). Ak MLBE 24 ik ,2023,54(2) -
275 -283.

Du Xiaogiang, Li Zhuolin, Ma Zhenghong, et al. UAV field obstacle detection based on spatial attention and deformable
convolution[ J]. Transactions of the Chinese Society for Agricultural Machinery,2023,54(2) :275 - 283. (in Chinese)

Zhu M,Yao M,He Y et al. Studies on high-resolution remote sensing sugarcane field extraction based on deep learning[ J]. IOP
Conference Series; Earth and Environmental Science,2019,237.032046.

Jiao S,Hu D,Shen Z,et al. Parcel-level mapping of horticultural crop orchards in complex mountain areas using vhr and time
series images[ J]. Remote Sensing,2022,14(9) :2015.

Yang R, Ahmed Z U, Schulthess U C,et al. Detecting functional field units from satellite images in smallholder farming systems
using a deep learning based computer vision approach:a case study from Bangladesh[ J]. Remote Sensing Applications: Society
and Environment,2020,20.100413.

Liu S,Liu L, Xu F,et al. A deep learning method for individual arable field (IAF ) extraction with cross-domain adversarial
capability[ J]. Computers and Electronics in Agriculture,2022,203 . 107473.



