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pH 8.47 8.80 8.82 8.84 8.85
H A
H‘M” v 7k3 04105 04209 02578 04260 0.4292
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TR R R . FRUAEYBOGREAL T E B B TR, R BRSO3
(kg/hm®) i, FoCEdsan & 4 f3k 4 s . TR 24 39.4% 1 60.4%, HilE T MFCS & 52 X 1E4)
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Fig. 4 Performance comparison of the AgriAgent models 1256.3% F1 785.1%, JEILH  Ar LB AE 2 AF )
(1.5B, 3B, 7B) with the baseline model for five crops and PRI BRI AL T N fE
three scenarios 4) AgriAgent-7BFi#, AgriAgent-7B 7EFi A 5
x4 TESHEAgriAgent REESTEYM EIMBER THEARL~ETE

Table 4 Average final yield dry weight of the AgriAgent model under five crops and three scenarios conditions with different

parameter amounts

A7 : kg/hm?
YER) R B #zh Wit
Baseline 990.10+144.55 997.60+£142.00 600.67+524.62
= AgriAgent-1.5B 990.10+144.55 997.60+£142.00 600.67+£524.62
K AgriAgent-3B 5 440.80+1 520.62 5287.33+1 471.01 3304.53+2 950.12
AgriAgent-7B 6 557.83+950.12 5584.17+1 200.45 3 385.20+2 900.34
Baseline 867.20+268.49 894.63+268.79 721.97+426.74
R AgriAgent-1.5B 867.20+268.49 894.63+268.79 721.97+426.74
K AgriAgent-3B 5281.03+1 174.62 5291.87+1 428.79 3431.40+1 948.76
AgriAgent-7B 6 474.03+1 400.56 5892.70+1 200.78 3 257.83+1 800.45
Baseline 8 587.90+6 250.11 8 853.70+6 459.85 8 845.07+7 099.96
_— AgriAgent-1.5B 8 592.87+6 265.19 7 835.5+6 465.73 9 081.30+7 113.27
fire AgriAgent-3B 16 755.30£5 911.93 13 818.70+6 247.26 15 365.40+7 188.85
AgriAgent-7B 28 186.00+2 745.67 19 315.33+2 400.50 19 938.23+2 800.25
Baseline 39.43+57.93 35.20+135.13 22.13+91.36
- AgriAgent-1.5B 39.43+57.93 35.20+135.13 22.13+91.36
i AgriAgent-3B 367.97+178.01 352.67£142.79 300.03+194.80
AgriAgent-7B 404.63+120.34 380.00+150.67 362.17+£200.12
Baseline 88.87+£6.52 84.97+7.32 35.20+£25.99
AgriAgent-1.5B 88.87+£6.52 84.97+7.32 35.20+25.99
ESNEd

AgriAgent-3B
AgriAgent-7B

398.53+127.86
534.70+80.12

336.60+158.31
513.77£70.45

311.57+142.41
452.27+90.23
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Fig. 5 Time-dependent changes in harvested dry weight of
corn, millet, and sugar beets under the AgriAgent-7B model

(conventional scenario)
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system: You are Qwen, created by Alibaba Cloud. /& — 48 & B F0L TR, MRIHE K, FRIZTIREE
PRAFHEA TR ...
Wik, R 2.

KHER: 1 KT
7]@%51‘11%4%:@ 1.2 HHKH b e ARARBIAED S A IR E (R

FARMRAE: G 1
R+ M ONIIRIBER L g IR : R 9EE TR )

assistant: A T iE3
R S 5 R

‘tool_calls’: [{'type': 'function’,

“function’: {'name’: 'get_plant_data’, 'arguments’: {} }}1}'

AR, AR S, AT e 7 B T AT AR L. B A

tool: {'name" ‘get_plant_data', ‘content': (growth_stress': {'value': 0.0, 'unit’; ‘none}, 'growth_stage: {'value's "Hi ¥ 1, 'unit’:
‘none}, 'water_stress": {'valuc': 0.0, 'unit’: 'none}, ‘days_after_planting’: {'value': 9, 'unit’ 'day'} }"}
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Bk, et RPKS R,

'tool_calls": [/lype 'function’,

'function': (‘'name': 'get_soil_data’, 'arguments’:{} } }]}'

tool: {'name"; 'get_soil_data’,
‘content’: '(organic_matter': {'value: "0", "unit": "Vhm®"), "total nitrogen": {'value: "I8851.7", "unit": "kg/hm?"),
"total_water"; {'value: "687", "unit": "mm"}}"}
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'tool_calls': {('type': 'function’,

‘function’: ('name’: 'get_weather_data’, 'arguments’: {}}}1}'

tool: {'name; 'get_weather_data’,
“content': ‘(reinfall": {'value’: 10.0, "unit"; "mm/d"), "temperature_max": {'value': 14.5, "unit": "°C"), "temperature_avg":
{value’: 12.3, "unit"; "°C"), "wind_speed": {'value': 5.2, "unit"; "m/s")} }
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XT{’E%W*{—F”* SERM. BLAL, SRR BY T, AR TR K.

TRk, AP RALBRIREE,  DMESE L T AR AR KR B

‘tool_calls’: [{'type': 'function’,

funcuun-(mmc, 'get_air_data', 'arguments”: {}}}]}'

tool: {'name'; get_air_data',
‘content's'{'co2': {'value'; 384.4, "unit"; "ppm"}}'}

assistant: 2430 % T EULBIRIE g 384.4 pmol/mol. IXAMEUE AT IEHTEE N, BRI TR ER . 4B
B GEIHIARSR A TR A KR BRSO AR . AL, BB ORI B LI KA, 311
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‘tool_calls’: [{'type': 'function’,
‘function': ('mame': 'control_supplementary_lighting',
‘arguments’: (lighting_intensity": 120)}")

iR A
o DUTE, BHPEHIFG ARG IR

tool: {'control_supplementary_lighting’,
‘content': {'status’: "True"}}'

assistant: ¥/ 5 i C NPT, BATHAGIREERINE T 120%. K44 B T 5 s 7E A TR AR A
TFHEEERIRE . Bk, RATTEMUR L BT RSE R AT T BRI, LU RIEPIRESS (618 1 RS R K
ﬁgﬁd“xﬂ AEFTET IR ST B P A ROR LN AR A, R AR M IR Tt V230 T, LUK B AR M R AR K

B 6 AgriAgent X AIRELIZH) P 69 “ RS- F-PAT 2R
RARARH) KT R IR AR T A A kR

Fig. 6 An example of AgriAgent's "perception-decision-execu-

tion" closed-loop process in facility environmental control: tool

invocation decisions based on real-time environmental data
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Table 5 Types and core characteristics of high-impact hallucina-
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tions (weight =1.0): correlation between decision errors,

weather conditions and yield impacts
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R6 MHHMMLIG (ANE0.5) KB R BLFHE  RFHIR K
SEBSFERMKE

Table 6 Types and core characteristics of medium-high impact

hallucinations (weight = 0.5) : correlation between decision er-

rors, weather conditions and yield impacts
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Table 7 Types and core characteristics of medium-impact hallu-
cinations (weight = 0.2): correlation between decision errors,

weather conditions and yield impacts
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AgriAgent: End-to-End Large Model Agent System
Architecture for Agricultural Environment Control

QIU Jiaying', LIU Yingchang', GAO Xingjie', HUANG Yuan’, ZHANG Hongyu',
TIAN Fang", LI Wanli", FENG Zaiwen"**

(1. College of Informatics, Huazhong Agricultural University, Wuhan 430070, China; 2. College of Horticulture and Forestry, Hua-
zhong Agricultural University, Wuhan 430070, China; 3. Yunnan Modern Agricultural Industry Research Institute, Kunming 650032,
China; 4. Engineering Research Center of Agricultural Intelligent Technology, Ministry of Education, Wuhan 430070, China)

Abstract: [Objective] Large language models (LLMs) have demonstrated strong capabilities in natural language understanding, knowl-

edge integration, and complex reasoning, offering new opportunities for intelligent decision-making in agriculture. However, their di-
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rect application in agricultural production and facility environment control remains challenging due to strong physical constraints and
high operational risks. The lack of real-world interaction and executable decision grounding limits the practical effectiveness of con-
ventional LLMs in such scenarios. To address these challenges, a tool-augmented LLM-based agricultural intelligent agent system,
termed AgriAgent, was proposed, and a digital-twin-based evaluation platform for agricultural decision-making was developed. By in-
tegrating a high-fidelity digital twin environment with an end-to-end agent architecture, the decision-making performance of agricul-
tural intelligent agents with different parameter scales was systematically evaluated across multiple crops and climate scenarios.
[Methods] A high-fidelity agricultural digital twin evaluation platform was constructed using the decision support system for agrotech-
nology transfer (DSSAT) v4.8 crop growth model as the core simulation engine to model crop growth under diverse environmental
conditions and management strategies. Meteorological driving data were obtained from the Seoul Historical Weather Data dataset.
Through data cleaning, missing-value imputation, unit normalization, and time-series reconstruction, the raw meteorological data were
transformed into standardized inputs compatible with DSSAT. Three climate scenarios representing different environmental complexi-
ties were designed, including a regular scenario, a perturbed scenario, and an extreme scenario. The regular scenario employed histori-
cal observations, the perturbed scenario introduced stochastic disturbances to simulate short-term climate variability, and the extreme
scenario incorporated multi-factor coupled stresses such as high temperatures and excessive precipitation during sensitive growth stag-
es. In total, 90 annual climate driving sequences were generated. Fixed soil profile parameters calibrated by domain experts were ap-
plied across all simulations to minimize confounding effects. Within this digital twin environment, a tool-augmented agricultural intel-
ligent agent, AgriAgent, was implemented using a modular architecture consisting of a sensor module, memory module, retriever,
large language model, and tool executor, forming a closed-loop decision-making framework. In each decision cycle, the agent per-
ceived environmental and crop state information, including soil moisture and nutrient status, meteorological conditions, crop growth
stages, and stress indicators. State summaries and historical decisions were stored in memory, while agronomic knowledge was re-
trieved through a retrieval-augmented generation mechanism. Based on integrated information, the LLM generated structured environ-
mental control commands in JSON format, which were validated and constrained by the tool executor before updating the DSSAT en-
vironment. The system supported irrigation, supplementary lighting, ventilation, heating, fertilization, and CO, enrichment. Five repre-
sentative crops: maize, millet, sugar beet, tomato, and cabbage were simulated under the three climate scenarios over complete grow-
ing seasons, resulting in 450 crop-scenario combinations. An unmanaged DSSAT simulation served as the baseline. AgriAgent models
with three parameter scales (1.5B, 3B, and 7B), built on the Qwen2.5 series, were evaluated. Crop economic yield expressed as dry
matter at physiological maturity was adopted as the evaluation metric. [Results and Discussions] The results showed that AgriAgent con-
sistently outperformed the baseline across all crops and climate scenarios, with model scale exerting a significant influence on deci-
sion-making performance. AgriAgent-7B achieved the best overall performance under regular, perturbed, and extreme scenarios, dem-
onstrating strong generalization ability and environmental adaptability. By dynamically adjusting water, nutrient, light, and thermal
management strategies, the agent effectively mitigated environmental stresses even under multi-factor coupled extreme climate condi-
tions. Under extreme scenarios, AgriAgent-7B increased yields by 463.60% for maize, 351.20% for millet, 125.40% for sugar beet,
1 537.46% for tomato, and 1 185.14% for cabbage compared with the baseline. Particularly large gains were observed for high-value
crops such as tomato and cabbage, highlighting the advantages of the proposed framework for precision-controlled facility agriculture.
In contrast, AgriAgent-1.5B exhibited performance comparable to the baseline, while AgriAgent-3B achieved moderate improvements
but remained inferior to the 7B model. These findings indicate a clear scaling effect, suggesting that larger models possess stronger ca-
pabilities in multi-source information integration, long-term temporal reasoning, and adaptation to complex environments. [Conclu-
sions] This study developed a digital-twin-based agricultural decision evaluation platform and proposed a tool-augmented, end-to-end
agricultural intelligent agent named AgriAgent. Experiments across multiple crops and climate scenarios verified the effectiveness and
robustness of the proposed framework for dynamic agricultural decision-making. The results demonstrate that integrating knowledge
retrieval, reasoning, and tool execution within a closed-loop LLM-based agent enables stable, reliable, and adaptive environmental
control, providing a feasible technical pathway and standardized evaluation paradigm for intelligent agriculture.
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