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O Crop cultivation has historically been a significant challenge, with uncertainties in harvest yields due to factors
like weather and pest diseases. These issues can lead to reduced agricultural output and food shortages.

O Large language models (LLMs) can generate professional knowledge and context in response to user inquiries,
finding applications in various fields such as legal consulting and clinical management.

O However, LLMs currently face limitations in specific areas, such as pest management, and the existing
datasets for agricultural evaluation are insufficient in quantity and locality.

‘ —., What are the suitable planting areas for China’s rice “C Liangyou 77? [The question is professional. &
“ C Liapgyou 7 i_s suital?le for dpuble ) ‘o‘ C Liangyou 7 has been approved by multiple provinces including Hunan, Jiangxi, Hubei, Anhui,
cropping late rice cultivation in provinces 3 and Jiangsu, and has a wide range of ecological adaptability, which can be widely promoted

Expert such as Hunan, Jiangxi, Hubei, and Anhui. and planted in the middle and lower reaches of the Yangtze River. The suitable planting areas

Base

[The answer is Incorrect and Incomplete. &] |y 4 ) include: ) ) . ) _
ode 1. Hunan Province: As a late-season rice variety, it can be promoted in regions such as central,
CROP Dataset northern, and southern Hunan;
. CROP 2. Jiangxi Province: Can be promoted in Ganzhou, Yichun, Nanchang, Ji’an, and other places;
Lz ([ 28 Comin (e e A8 Datheet | 3 Hubei Province: Can be promoted in areas such as the Jianghan Plain, Jingmen, and Xiaogan;
Closed-book Q&A Closed-book Q&A 4. Anhui Province: Can be promoted in rice-growing regions such as southern Anhui;
Summary Summary 5. Jiangsu Province: Can be promoted in the southern and central regions of Jiangsu;
NER NER In short, the promotion and utilization prospects of C Liangyou 7 are broad.
Bt Bemsien Bt Bmsfon @ [The answer is correct and complete! &]
Open-book Q&A Open-book Q&A CROP CROP Benchmark [ Difficult ] /97 High
www.shlab.org.cn Multi-turn Q&A Multi-turn Q&A Model CROP Benchmark [ Easy ] [ Moderate ] GDD Accuracy Page 2




Shanghai Artificial Intelligence Laboratory

;“:T?‘.é;.\.".
2. PROCESSING SYSTEMS Overview of the CROP
RA ¢
To harness the full potential of LLMs for crop science, we propose a suite called CROP, which encompasses
O an extensive instruction tuning dataset, designed to enhance the domain-specific proficiency of LLMs in
Crop science.
O a meticulously constructed benchmark, aimed at assessing the performance of LLMs across a variety of

domain-related tasks.
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Prompt (EN & ZH) r___L___l . .
( Raw Data -CE‘;ZT:(’)[()ZI;{M TXT: [ Closed-book Q&A ][ Event Extraction J " ﬁ ' ! < !
O Raw data is first converted to TXT or XLS | ™™ | fumangenerica (_Summany [ OpenbookQ&A | | 1 50 7 = 1 S8

Research Paper

comenpocxwryr, L N wumosa ) | SR LIS

format using text extraction tools.

. Professional Book [~ . * Python-docx Library (--—4———~| — - CROP Dataset (.jsonl)
O Prompt an LLM to either generate Q&As et Enterrie e _, e o st
from unstructured data or design i + Beauil Soup Library 3 ok o _L S
S e uman-generate 1
templates that transform structured data T E—
. . } osed-boo! vent Extraction oy
INnto dlalog ue format. Raw Data (ntmi) Convert HTML to XLS: [ Summary  |[ Open-book Q&A | Open-book Q&A
O Filtering steps with both human and LLM Sl e  Human-generated L NER [ Multitum Q&A | Multi-tum Q&A
involved. Schematic overview of the dialogue collection procedure
_____ LIy,
:r E Task Generation & Prompt (EN & ZH) Conversation | _ - Conversation N
] ' ' i-, Role Assignment ™ [W o T . :lf --------------------- !
O An LLM creates tasks under the guidance | B ' @l (e \- ;
of domain experts and assigns roles to Comerstion Generton Sepbc % i
two agents. ;’ {an) @ . . e ’
O Using task-dependent prompts from AL User: | [ Al Assistnt | 5
researchers, the LLM generates dialogues - l ’ o @ | |
Wlth RAG (CTTT T ! Information Retrieval T l l | l | l 1
. . E Q b J [ Problem-Solving J .
D Fllterlng Steps. : “ i [PersonalizedRccommendationsJ Gradine & Cleani { LLM =
. Expert ! : rading eaning Human
———————————— [ Knowledge Interpretation J

www.shlab.org.cn
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"}; (" Cereal Type Task Abbr. English Q&A  Chinese Q&A  Total
°
D . Closed-book Q&A CQA 42,951 83,396 126,347
omam Open-book Q&A OQA 2,430 2,037 4,467
Rice Event Extraction EE 1,891 1,030
General Named Entity Recognition NER 2,003 1,604 9,742
. . . Summary Summary 1,586 1,628
O The si ng le-turn dlalogues comprise Domain Closed-book Q&A CQA 25,259 27,667 52,926
. . Open-book Q&A OQA 3,202 3,047 6,249
210’038_ h 'g h g uallty _Sam ples. Com Event Extraction EE 2,245 1,322
O It contains 140.056 d|a|ogue sam p|es for General Named Entity Recognition NER 2,008 1,316 10,307
. ! Summary Summary 1,559 1,857
rice and 69,482 for corn. Othere™ — 1000
Overall — 85,134 124,904 210,038
Composition of single-turn dialogues
Cereal Scenario Task English Q&A  Chinese Q&A  Total
Pest Control + + 130
Problem Solving Nutrient Supplementation + + 90+ 205
) ) . Rice Disease Containment + + 122
O The multi-turn dialogues include 1,871 . " Crop Variety Selection ¥ ¥ 83
. . Personalized Recommendation Resource Management + + + 170
high-quality samples. : .
D E h k . h . h I . d . I Knowledge Interpretation Research Interpretation + + 222
ach task within the multi-turn dialogues — " " ™
possesses a miimum Of 80 sam p|eS ] Problem Solving Nutljient Supplerpentation + + 118
Corn Disease Containment + + 19+ 107
Personalized Recommendation grop Variety Selection + * 187
esource Management + 172
Knowledge Interpretation Research Interpretation + V4 + 167
Overall — 1,150 721 1,871
www.shlab.org.cn Page 5

Composition of multi-turn dialogues
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O We prompt an LLM to generate MCQs from TXT files. After additional filtering steps with both human and LLM
involved, we get the CROP benchmark, comprising three difficulty levels.

Prompt (EN & ZH) ! |
[ Closed-book ] * o |
1 1

__ {Rescarcher
(- 4 \ i CROP Benchmark (.x1sx)
. . : i  Difficult ]
TXT File ' I . . Test &

(Disjoint with Dataset) ! ! Cleaning | Difficulty Grading | Moderate J

' LLM | f
teeeee ! [ Easy J

Level Count  Proportion
O We classify the 5,045 questions in the benchmark into three difficulty Easy 1,613 31.97%

Moderate 2,754 53.72%

levels: easy, moderate, and difficult. -
Difficult 722 14.31%

www.shlab.org.cn Page 6
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CROP Benchmark Analysis

O For corn-related MCQs, the most frequently occurring topics are
corn variety, biological characteristics, and genetics of corn.

O For rice-related MCQs, the most frequently occurring topics are

hybrid rice, rice characteristics, pests, and diseases.

é"} . g'},o <, 2 ,c',e
o & fad
Dataset Language Format Size Region
O CROP benchmark consists of 5045 Cem(ﬁggg‘gxﬁ}”sor English MCQs 312 United States
Chinese and English MCQs and covers 5 : :
22 countries across six continents EMBRAPA Portuguese Test-based Inquires 1,000 Brazil
AgriExams? English MCQs 1,723 India
s o CROP (Ours) English & Chinese MCQs

5,045 22 Countries
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Al User:
Farmer

(@)

Al User:
Farmer

e

Al User:
Farmer

(@)

Al User:
Farmer

Problem-solving Scenario

QI: I've been noticing some of my rice plants are stunted and the leaves
are turning yvellow. What could be causing this issue?

Al: Yellowing and stunting in rice can be symptoms of several issues

including nutrient deficiencies, water stress, or pest infestations such

as stem borers or leaf folders. Have you noticed any visible insects on
the plants or any other unusual signs?

Q2: Yes, I've seen some moths around the plants in the evening and Al Assistant:

there are holes in the leaves. Could this be related to the yellowing?

A2: It sounds like your rice crop might be infested with stem borers or
leaf folders. These pests can cause the symptoms you're describing as
they damage the plant's ability to transport nutrients and water by
boring into the stems or folding the leaves.

Q3: What can I do to manage these pests and protect my crop? Al Assistant:
Crop Pestologist

A3: Considering the infestation, it would be wise to apply integrated
pest management practices. This includes using pheromone traps to
monitor and reduce moth populations and possibly applying biological
control agents like Trichogramma wasps, which are natural enemies
of stem borers. Also, ensure that your crop is healthy with proper
nutrition and water management to resist pest damage more effectively.

Q4: Thank you for the advice. I'll look into these options. Is there a Al Assistant:
specific time or method for applying these biological controls? Crop Pestologist

A4: For biological controls like Trichogramma wasps, it's best to
release them early in the season before the pest population peaks. Local
agricultural extension services or a professional pest management
expert can provide guidance on timing and application methods specific
to your area to ensure the best results.

Al Assistant:
Crop Pestologist

Crop Pestologist

Examples in CROP
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Personalized Recommendation Scenario

=

Al User:
Farmer

i~

Al User:
Farmer

i~

Al User:
Farmer

=

Al User:

Farmer

QI: I'm looking to switch to a different variety of maize this year. My
farm is located in a semi-arid region, and we often face drought
conditions. What would you recommend?

Al: For drought-prone areas, it's crucial to select maize varieties that
are specifically bred for drought tolerance. Do you have any
preferences regarding the maturity period or other traits like disease
resistance?

Q2: [ prefer a variety with a shorter maturity period due to the
unpredictable rainfall patterns. Also, if it can resist common diseases in

our area like maize streak virus, that would be beneficial. Agronomist

A2: Considering your requirements, you might want to look into
varieties such as 'DroughtTEGO' or 'ZM521". Both are developed for
drought tolerance and have a shorter maturity period. 'DroughtTEGO”,
in particular, also offers resistance to the maize streak virus.

Q3: That sounds promising. Where can I get these seeds, and is there ‘

P i ! -
anything specific I should do when planting them? Agronomist

A3: You can obtain these seeds from local agricultural supply stores or
through certified seed suppliers. When planting, ensure proper spacing
and consider using drip irrigation to optimize water usage. Also,
applying a balanced fertilizer can help in enhancing drought resilience.

Q4: Thank you for the advice. I'll check the availability of
'Drought TEGO' seeds and prepare accordingly. Is there anything else [
should monitor during the growing season?

Agronomist

A4: Keep an eye on soil moisture levels and signs of nutrient
deficiencies or pest attacks. Regular monitoring will help you take
timely actions to mitigate any issues. Additionally, connecting with a
local agricultural extension officer could provide you with ongoing
support and updates on best practices tailored to your region.

Al Assistant:

Agronomist

Al Assistant:

Al Assistant:

Al Assistant:
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O The performance of selected LLMs on
the CROP benchmark.

O GPT-4, Claude-3, and Qwen struggle
with difficult tasks, demonstrating the
rationality of difficulty level division and
the efficacy of the CROP benchmark.

O The findings indicate that when further

fine-tuned with the CROP dataset, there
IS an average improvement of 9.2%.

www.shlab.org.cn
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Experiments
Model | Access  Size | Overall 1 Difficulty
Easy 1 Moderate T Difficult 1
Commercial LLMs
GPT-4! AP  N/A 0.856 1.000? 1.000° 0.000?
GPT-3.5! API  N/A 0.328 1.000? 0.000? 0.061
Claude-3! API N/A 0.900 0.982 0.968 0.458
Qwen! API N/A 0.866 0.987 0.945 0.301
Open-source LLMs
LLaMA3-Base | Weights 8B 0.348 0.443 0.341 0.161
+CQIA Weights 8B | 0.643 (+0.295) 0.791 (+0.348)  0.651 (+0.310)  0.281 (+0.120)
+CROP Weights 8B | 0.752 (+0.404) 0.866 (+0.432)  0.772 (+0.431  0.378 (+0.217)
+CQIA+CROP | Weights 8B | 0.754 (+0.406) 0918 (+0.475) 0.779 (+0.438)  0.295 (+0.134)
Qwenl.5-Base | Weights 7B 0.646 0.799 0.646 0.302
+CQIA Weights 7B | 0.688 (+0.042)  0.880 (+0.081)  0.689 (+0.043)  0.258 (-0.044)
+CROP Weights 7B | 0.676 (+0.030)  0.849 (+0.050)  0.688 (+0.042)  0.202 (-0.100)
+CQIA+CROP | Weights 7B | 0.709 (+0.063) 0910 (+0.111)  0.704 (+0.058)  0.227 (-0.075)
InternLM2-Base | Weights 7B 0.368 0.445 0.381 0.148
+CQIA Weights 7B | 0.723 (+0.355) 0.861 (+0.416)  0.750 (+0.369)  0.317 (+0.169)
+CROP Weights 7B | 0.748 (+0.380)  0.945 (+0.500)  0.761 (+0.380)  0.212 (+0.064)
+CQIA+CROP | Weights 7B | 0.768 (+0.400) 0.939 (+0.494) 0.794 (+0.413)  0.285 (+0.137)

Page 9
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O The performance of fine-tuned LLMs under different training epochs and languages.

O Different open-source LLMs show distinct convergence tendencies.

O After four epochs of training, models did not exhibit a remarkable language bias. Results underscore the

robustness of the model in multilingual contexts, ensuring its applicability in diverse linguistic scenarios.

Model | Epoch  Size | Overall 1 Difficulty Language
| Easy T Moderate T Difficult © Chinese T English 1 Variation |
LLaMA3-Base N/A 8B 0.348 0.443 0.341 0.161 0.327 0.369 4.2%
+CQIA+CROP | 8B 0.738 0.903 0.758 0.292 0.719 0.757 3.8%
+CQIA+CROP 2 8B 0.742 0.902 0.772 0.271 0.729 0.755 2.6%
+CQIA+CROP 4 8B 0.754 0.918 0.779 0.295 0.738 0.770 3.2%
Qwenl.5-Base N/A B 0.646 0.799 0.646 0.302 0.667 0.624 4.3%
+CQIA+CROP 1 7B 0.702 0.910 0.717 0.183 0.725 0.680 4.5%
+CQIA+CROP 2 B 0.670 0.875 0.677 0.181 0.690 0.649 4.1%
+CQIA+CROP 4 B 0.709 0.910 0.704 0.227 0.717 0.686 3.1%
InternLM2-Base | N/A 7B 0.368 0.445 0.381 0.148 0.409 0.327 8.2%
+CQIA+CROP | B 0.764 0.942 0.787 0.276 0.770 0.757 3.3%
+CQIA+CROP 2 7B 0.809 0.909 0.855 0.414 0.811 0.807 0.4%
+CQIA+CROP 4 7B 0.768 0.939 0.794 0.285 0.770 0.766 0.4%

www.shlab.org.cn
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O We propose the CROP dataset to improve the professional capabilities of LLMs in the crop science
domain.

O We introduce the CROP benchmark to compensate for the absence of an open-source benchmark for
evaluating models’ expertise in this domain, which comprises MCQs for objective assessment.

O We hope that the proposed dataset and benchmark can foster Al research in crop science, facilitate
knowledge transfer for agricultural practitioners, enhance crop yields, and contribute to solving hunger
ISsues.
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