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Introduction

Water scarcity is a growing global challenge, particularly in arid and
semi-arid regions where agricultural activities heavily rely on irrigation.
As climate change exacerbates this problem, traditional irrigation
systems, often inefficient and wasteful, are proving unsustainable.
Drip irrigation, known for its water-saving benefits, has emerged
as a promising solution to mitigate water wastage in agriculture.
However, even drip irrigation can be improved by integrating advanced
technologies that provide precise control over water distribution [1].

The rapid evolution of Internet of Things (IoT) sensors and Artificial
Intelligence (AI) offers an opportunity to revolutionize irrigation
practices. IoT devices enable continuous monitoring of environmental
variables such as soil moisture, temperature, and humidity, while AI
algorithms can analyze this vast amount of data to predict irrigation
needs, optimize water delivery schedules, and enhance resource
management. By combining these technologies, it is possible to create
a smart drip irrigation system that adapts to real-time environmental
conditions, ensuring optimal water usage for crops.

In regions facing water scarcity, the adoption of such optimized
irrigation systems can significantly reduce water consumption while
maintaining or even increasing agricultural productivity. The precision
offered by Al-driven systems helps farmers make data-informed
decisions, resulting in better crop yields, reduced operational costs, and
conservation of precious water resources. Moreover, Al algorithms can
learn from past irrigation patterns, improving efficiency over time [2].

This paper explores the potential of integrating IoT sensors and
Al into smart drip irrigation systems to optimize water use in regions
where water resources are limited. The study focuses on designing a
system that adjusts irrigation based on real-time data and predictive
analytics, aiming to strike a balance between water conservation and
crop health. Additionally, we investigate the benefits, challenges, and
feasibility of implementing such a system in water-scarce regions,
considering factors such as cost-effectiveness, scalability, and ease of
adoption.

The results of this study could pave the way for more sustainable
agricultural practices in drought-prone areas, contributing to food
security and long-term environmental sustainability. By leveraging IoT
and AlI, farmers can ensure that every drop of water is used efficiently,
reducing waste and optimizing resource allocation for maximum
agricultural output [3,4].

Description

The integration of Internet of Things (IoT) sensors and Artificial
Intelligence (AI) into smart drip irrigation systems represents a
transformative approach to solving water scarcity challenges in
agriculture. In water-scarce regions, where every drop of water
counts, optimizing irrigation techniques is essential for maintaining
agricultural productivity while conserving precious water resources.
Drip irrigation, which delivers water directly to the root zone of plants,

is one of the most efficient methods available, but its effectiveness
can be significantly enhanced by using real-time data and advanced
analytics [5].

IoT sensors are critical components of this system, as they
continuously monitor environmental factors such as soil moisture,
temperature, air humidity, and weather conditions. These sensors
provide granular insights into the conditions of the soil and crop,
allowing for precise water delivery. Instead of relying on traditional
irrigation schedules, which may lead to over- or under-irrigation, the
IoT sensors collect data that informs a dynamic irrigation plan tailored
to the needs of the crops [6,7].

Artificial Intelligence (AI) further enhances this system by
processing the large volumes of data generated by the IoT sensors. Al
models use this data to identify patterns and predict irrigation needs
based on factors such as crop type, soil health, and weather forecasts.
These predictive models enable the system to adjust water delivery
in real-time, ensuring that plants receive the exact amount of water
required to thrive, thus minimizing water waste.

Additionally, AI can help optimize irrigation schedules by learning
from historical data, adjusting for variations in climate, soil conditions,
and crop growth stages. By utilizing machine learning algorithms,
the system continuously improves its efficiency over time, adapting
to changing environmental conditions and ensuring long-term
sustainability [8].

This approach offers several key benefits. First, it leads to significant
water savings by preventing over-watering and reducing the need for
manual irrigation decisions. Second, it improves crop yields by providing
crops with optimal growing conditions. Third, the integration of IoT
and AI makes the system more responsive to environmental changes,
ensuring that water is used when and where it’s needed the most.
Furthermore, this smart irrigation system can be remotely monitored
and controlled, allowing farmers to manage their irrigation processes
from anywhere, improving convenience and reducing labor costs [9].

Implementing such a system in water-scarce regions offers a
scalable and sustainable solution to the growing problem of water
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shortages. With climate change intensifying the risk of droughts and
altering precipitation patterns, optimizing irrigation through IoT and
Al is a critical step towards securing food production and ensuring
the long-term viability of agriculture in regions where water is a scarce
commodity. This innovation not only addresses water conservation but
also supports greater agricultural efficiency and resilience, making it a
vital tool in the pursuit of sustainable farming practices [10].

Discussion

The integration of IoT sensors and Al into smart drip irrigation
systems presents a paradigm shift in how agriculture can address the
pressing challenge of water scarcity. In water-scarce regions, where the
availability of water is limited and unreliable, the traditional approach
to irrigation often leads to water wastage, inefficiency, and suboptimal
crop yields. By optimizing water delivery through real-time monitoring
and predictive analytics, smart drip irrigation systems can significantly
improve water-use efficiency and crop health.

One of the primary advantages of using IoT sensors in smart
irrigation systems is their ability to provide continuous, real-time data
about soil moisture levels, environmental conditions, and crop needs.
This data helps farmers make informed decisions about irrigation
schedules and amounts, preventing the overuse of water and ensuring
crops receive adequate hydration. For example, sensors can detect when
soil moisture reaches a critical threshold, triggering irrigation only
when necessary. This precise control prevents both waterlogging and
dehydration, promoting healthier plant growth and maximizing yields.

ATs role in optimizing these systems cannot be overstated. By
analyzing large datasets gathered from IoT sensors, AI models can
predict future irrigation needs based on variables such as weather
patterns, soil properties, and plant growth stages. These predictive
algorithms allow the system to make real-time adjustments to irrigation
schedules, ensuring that crops receive the right amount of water at the
right time. Furthermore, Al can learn from past irrigation patterns and
environmental data, continuously improving the system’s efficiency
over time and adapting to changing conditions.

Despite the promising benefits, there are challenges to implementing
smart drip irrigation systems in water-scarce regions. The initial
cost of installing IoT sensors, Al infrastructure, and the necessary
communication networks may be a barrier, especially for small-scale
farmers in developing countries. However, the long-term cost savings
achieved through water conservation, improved yields, and reduced
labor costs can offset these initial expenses, making the investment
worthwhile. Governments and organizations can play a crucial role
in supporting the adoption of such technologies through subsidies,
training programs, and incentives for farmers.

Another challenge is the need for robust data infrastructure to
support the flow of information from sensors to AI models. In remote
areas, limited access to reliable internet and electricity can hinder the
effective deployment of these systems. Solutions such as satellite-based
connectivity, low-power IoT devices, and energy-efficient systems are
being developed to overcome these obstacles.

Moreover, while AI has the potential to revolutionize irrigation
management, it requires accurate and high-quality data to make
reliable predictions. Inconsistent data, sensor malfunctions, or poor
calibration can lead to inaccurate irrigation decisions, affecting crop
health. Therefore, it is essential to regularly calibrate and maintain
sensors to ensure data accuracy.

Finally, there is a need for awareness and education among farmers
to embrace this technology. Many farmers in water-scarce regions may
notbe familiar with IoT and AL requiring training and technical support
to implement and maintain these systems effectively. Community-
based approaches, where knowledge is shared among farmers, can help
facilitate adoption and ensure the sustainable use of these technologies.
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notbe familiar with IoT and Al, requiring training and technical support
to implement and maintain these systems effectively. Community-
based approaches, where knowledge is shared among farmers, can help
facilitate adoption and ensure the sustainable use of these technologies.

Conflict of interest

None

Acknowledgment

None

References

1.

Kristamtini T, Basunanda P, Murti RH (2014) Genetic variability of rice pericarp
color parameters and total anthocyanin content of eleven local black rice and
their correlation. llmu Pertanian (Agricultural Science) 17: 90-103.

Kumar J, Kumar M, Kumar A, Singh SK, Singh L, et al. (2017) Estimation of
genetic variability and heritability in bread wheat under abiotic stress. Int J Pure
App Biosci 5: 156-163.

Mary SS, Gopalan A (2006) Dissection of genetic attributes yield traits of fodder
cowpea in F3 and F4. J Appl Sci Res 2: 805-808.

Pasipanodya JT, Horn LN, Achigan-Dako EG, Musango R, Sibiya J, et al. (2022)
Utilization of plant genetic resources of Bambara groundnut conserved ex situ
and genetic diversification of its primary genepool for semi-arid production.
Agriculture 12: 492.

Raza A, Saher MS, Farwa A, Ahmad KRS (2019) Genetic diversity analysis of
Brassica species using PCR-based SSR markers. Gesunde Pflanzen 71: 1-7.

Sami RA, Yeye MY, Ishiyaku MF, Usman IS (2013) Heritability studies in some
sweet sorghum (Sorghum Bicolor. L. Moench). Journal of biology, Agriculture
and Healthcare 3: 49-51.

Senbetay T, Belete T (2020) Genetic variability, heritability, genetic advance
and trait associations in selected sorghum (Sorghum bicolor L. Moench)
accessions in Ethiopia. Journal of Biology, Agriculture and Healthcare 10: 2020.

Mudasir Hafiz Khan1, Zahoor Ahmad Dar, Sher Ahmad Dar (2015) Breeding
Strategies for Improving Rice Yield a Review.

CRAIG HANSON (2014) World resource institute Crop Breeding: Renewing the
Global Commitment.

.Bendokas V, Gelvonauskiene D, Siksnianas T, Staniene G, Siksnianiene JB,

et al. (2012) Morphological traits of phytomers and shoots in the first Year of
growth as markers for predicting apple tree canopy architecture. Plant Breeding,

Adv Crop Sci Tech, an open access journal

Volume 12 + Issue 12 « 1000769


https://www.google.com/search?q=Genetic+variability+of+rice+pericarp+color+parameters+and+total+anthocyanin+content+of+eleven+local+black+rice+and+their+correlation&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn09jJhtftf1dRjcZY0Rio8QmQSrxGA%3A1708678360240&ei=2FzYZeCbDv6GjuMPo5aL0Ak&ved=0ahUKEwjg58n1isGEAxV-g2MGHSPLApoQ4dUDCBA&uact=5&oq=Genetic+variability+of+rice+pericarp+color+parameters+and+total+anthocyanin+content+of+eleven+local+black+rice+and+their+correlation&gs_lp=Egxnd3Mtd2l6LXNlcnAihAFHZW5ldGljIHZhcmlhYmlsFILENAME
https://www.google.com/search?q=Genetic+variability+of+rice+pericarp+color+parameters+and+total+anthocyanin+content+of+eleven+local+black+rice+and+their+correlation&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn09jJhtftf1dRjcZY0Rio8QmQSrxGA%3A1708678360240&ei=2FzYZeCbDv6GjuMPo5aL0Ak&ved=0ahUKEwjg58n1isGEAxV-g2MGHSPLApoQ4dUDCBA&uact=5&oq=Genetic+variability+of+rice+pericarp+color+parameters+and+total+anthocyanin+content+of+eleven+local+black+rice+and+their+correlation&gs_lp=Egxnd3Mtd2l6LXNlcnAihAFHZW5ldGljIHZhcmlhYmlsFILENAME
https://www.google.com/search?q=Genetic+variability+of+rice+pericarp+color+parameters+and+total+anthocyanin+content+of+eleven+local+black+rice+and+their+correlation&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn09jJhtftf1dRjcZY0Rio8QmQSrxGA%3A1708678360240&ei=2FzYZeCbDv6GjuMPo5aL0Ak&ved=0ahUKEwjg58n1isGEAxV-g2MGHSPLApoQ4dUDCBA&uact=5&oq=Genetic+variability+of+rice+pericarp+color+parameters+and+total+anthocyanin+content+of+eleven+local+black+rice+and+their+correlation&gs_lp=Egxnd3Mtd2l6LXNlcnAihAFHZW5ldGljIHZhcmlhYmlsFILENAME
https://www.google.com/search?q=Estimation+of+genetic+variability+and+heritability+in+bread+wheat+under+abiotic+stress&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn0_UgMYXcPn9ZVNaABqR8I1tJq8jAQ%3A1708678398957&ei=_lzYZbyDOrDw4-EP7a2U2Ao&ved=0ahUKEwi8-oSIi8GEAxUw-DgGHe0WBasQ4dUDCBA&uact=5&oq=Estimation+of+genetic+variability+and+heritability+in+bread+wheat+under+abiotic+stress&gs_lp=Egxnd3Mtd2l6LXNlcnAiVkVzdGltYXRpb24gb2YgZ2VuZXRpYyB2YXJpYWJpbGl0eSBhbmQgaGVyaXRhYmlsaXR5IGluIGJyZWFkIHdoZWF0IHVuZGVyIGFiaW90aWMgc3RyZXNzFILENAME
https://www.google.com/search?q=Estimation+of+genetic+variability+and+heritability+in+bread+wheat+under+abiotic+stress&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn0_UgMYXcPn9ZVNaABqR8I1tJq8jAQ%3A1708678398957&ei=_lzYZbyDOrDw4-EP7a2U2Ao&ved=0ahUKEwi8-oSIi8GEAxUw-DgGHe0WBasQ4dUDCBA&uact=5&oq=Estimation+of+genetic+variability+and+heritability+in+bread+wheat+under+abiotic+stress&gs_lp=Egxnd3Mtd2l6LXNlcnAiVkVzdGltYXRpb24gb2YgZ2VuZXRpYyB2YXJpYWJpbGl0eSBhbmQgaGVyaXRhYmlsaXR5IGluIGJyZWFkIHdoZWF0IHVuZGVyIGFiaW90aWMgc3RyZXNzFILENAME
https://www.google.com/search?q=Dissection+of+genetic+attributes+yield+traits+of+fodder+cowpea+in+F3+and+F4&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn0-XytUdsWdZATxOLOK8HW3gPsxXCg%3A1708678451840&ei=M13YZbjXMr2J4-EPib6yoAs&ved=0ahUKEwj4vKChi8GEAxW9xDgGHQmfDLQQ4dUDCBA&uact=5&oq=Dissection+of+genetic+attributes+yield+traits+of+fodder+cowpea+in+F3+and+F4&gs_lp=Egxnd3Mtd2l6LXNlcnAiS0Rpc3NlY3Rpb24gb2YgZ2VuZXRpYyBhdHRyaWJ1dGVzIHlpZWxkIHRyYWl0cyBvZiBmb2RkZXIgY293cGVhIGluIEYzIGFuZCBGNEgAUABYAHAAeACQAQCYAQCgAQCqAQC4AQPIAQFILENAME
https://www.google.com/search?q=Dissection+of+genetic+attributes+yield+traits+of+fodder+cowpea+in+F3+and+F4&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn0-XytUdsWdZATxOLOK8HW3gPsxXCg%3A1708678451840&ei=M13YZbjXMr2J4-EPib6yoAs&ved=0ahUKEwj4vKChi8GEAxW9xDgGHQmfDLQQ4dUDCBA&uact=5&oq=Dissection+of+genetic+attributes+yield+traits+of+fodder+cowpea+in+F3+and+F4&gs_lp=Egxnd3Mtd2l6LXNlcnAiS0Rpc3NlY3Rpb24gb2YgZ2VuZXRpYyBhdHRyaWJ1dGVzIHlpZWxkIHRyYWl0cyBvZiBmb2RkZXIgY293cGVhIGluIEYzIGFuZCBGNEgAUABYAHAAeACQAQCYAQCgAQCqAQC4AQPIAQFILENAME
https://www.google.com/search?q=Utilization+of+plant+genetic+resources+of+Bambara+groundnut+conserved+ex+situ+and+genetic+diversification+of+its+primary+genepool+for+semi-arid+production&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn0_bz7lwGPVsDgDoI0p8kPlXOrfgGA%3A1708678513693&ei=cV3YZYXtKb3lg8UP_sW00Aw&ved=0ahUKEwjF6d--i8GEAxW98qACHf4iDcoQ4dUDCBA&uact=5&oq=Utilization+of+plant+genetic+resources+of+Bambara+groundnut+conserved+ex+situ+and+genetic+diversification+of+its+primary+genepool+for+semi-arid+production&gs_lp=FILENAME
https://www.google.com/search?q=Utilization+of+plant+genetic+resources+of+Bambara+groundnut+conserved+ex+situ+and+genetic+diversification+of+its+primary+genepool+for+semi-arid+production&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn0_bz7lwGPVsDgDoI0p8kPlXOrfgGA%3A1708678513693&ei=cV3YZYXtKb3lg8UP_sW00Aw&ved=0ahUKEwjF6d--i8GEAxW98qACHf4iDcoQ4dUDCBA&uact=5&oq=Utilization+of+plant+genetic+resources+of+Bambara+groundnut+conserved+ex+situ+and+genetic+diversification+of+its+primary+genepool+for+semi-arid+production&gs_lp=FILENAME
https://www.google.com/search?q=Genetic+diversity+analysis+of+Brassica+species+using+PCR-based+SSR+markers&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn0-5EfRSOwYq6agZY_G-BmrQdVWARg%3A1708678564352&ei=pF3YZZGOFb6Y4-EP9euT-A8&ved=0ahUKEwiR8PPWi8GEAxU-zDgGHfX1BP8Q4dUDCBA&uact=5&oq=Genetic+diversity+analysis+of+Brassica+species+using+PCR-based+SSR+markers&gs_lp=Egxnd3Mtd2l6LXNlcnAiSkdlbmV0aWMgZGl2ZXJzaXR5IGFuYWx5c2lzIG9mIEJyYXNzaWNhIHNwZWNpZXMgdXNpbmcgUENSLWJhc2VkIFNTUiBtYXJrZXJzSOYEUABYAHAAeACQAQCYAZkBoAGZAaoBAzAuMbgBFILENAME
https://www.google.com/search?q=Genetic+diversity+analysis+of+Brassica+species+using+PCR-based+SSR+markers&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn0-5EfRSOwYq6agZY_G-BmrQdVWARg%3A1708678564352&ei=pF3YZZGOFb6Y4-EP9euT-A8&ved=0ahUKEwiR8PPWi8GEAxU-zDgGHfX1BP8Q4dUDCBA&uact=5&oq=Genetic+diversity+analysis+of+Brassica+species+using+PCR-based+SSR+markers&gs_lp=Egxnd3Mtd2l6LXNlcnAiSkdlbmV0aWMgZGl2ZXJzaXR5IGFuYWx5c2lzIG9mIEJyYXNzaWNhIHNwZWNpZXMgdXNpbmcgUENSLWJhc2VkIFNTUiBtYXJrZXJzSOYEUABYAHAAeACQAQCYAZkBoAGZAaoBAzAuMbgBFILENAME
https://www.google.com/search?q=+Heritability+studies+in+some+sweet+sorghum+%28Sorghum+Bicolor.+L.+Moench%29&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn0_wkBte5v4aKwQCuTOcEZJ0bphitA%3A1708678612369&ei=1F3YZa6JFrq14-EP38C52AM&ved=0ahUKEwiuw-bti8GEAxW62jgGHV9gDjsQ4dUDCBA&uact=5&oq=+Heritability+studies+in+some+sweet+sorghum+%28Sorghum+Bicolor.+L.+Moench%29&gs_lp=Egxnd3Mtd2l6LXNlcnAiSCBIZXJpdGFiaWxpdHkgc3R1ZGllcyBpbiBzb21lIHN3ZWV0IHNvcmdodW0gKFNvcmdodW0gQmljb2xvci4gTC4gTW9lbmNoKUgAUABYAHAAeACQAQCYAQCgAQCqAQC4AQPIAQD4FILENAME
https://www.google.com/search?q=+Heritability+studies+in+some+sweet+sorghum+%28Sorghum+Bicolor.+L.+Moench%29&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn0_wkBte5v4aKwQCuTOcEZJ0bphitA%3A1708678612369&ei=1F3YZa6JFrq14-EP38C52AM&ved=0ahUKEwiuw-bti8GEAxW62jgGHV9gDjsQ4dUDCBA&uact=5&oq=+Heritability+studies+in+some+sweet+sorghum+%28Sorghum+Bicolor.+L.+Moench%29&gs_lp=Egxnd3Mtd2l6LXNlcnAiSCBIZXJpdGFiaWxpdHkgc3R1ZGllcyBpbiBzb21lIHN3ZWV0IHNvcmdodW0gKFNvcmdodW0gQmljb2xvci4gTC4gTW9lbmNoKUgAUABYAHAAeACQAQCYAQCgAQCqAQC4AQPIAQD4FILENAME
https://www.google.com/search?q=Genetic+variability%2C+heritability%2C+genetic+advance+and+trait+associations+in+selected+sorghum+%28Sorghum+bicolor+L.+Moench%29+accessions+in+Ethiopia&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn0-ge3RkIHpPS9hF8vzj_tP9gzlPww%3A1708678673373&ei=EV7YZfK3FtGY4-EPsuuhiAo&ved=0ahUKEwiyhPKKjMGEAxVRzDgGHbJ1CKEQ4dUDCBA&uact=5&oq=Genetic+variability%2C+heritability%2C+genetic+advance+and+trait+associations+in+selected+sorghum+%28Sorghum+bicolor+L.+Moench%29+accessions+in+Ethiopia&gs_lp=EgxnFILENAME
https://www.google.com/search?q=Genetic+variability%2C+heritability%2C+genetic+advance+and+trait+associations+in+selected+sorghum+%28Sorghum+bicolor+L.+Moench%29+accessions+in+Ethiopia&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn0-ge3RkIHpPS9hF8vzj_tP9gzlPww%3A1708678673373&ei=EV7YZfK3FtGY4-EPsuuhiAo&ved=0ahUKEwiyhPKKjMGEAxVRzDgGHbJ1CKEQ4dUDCBA&uact=5&oq=Genetic+variability%2C+heritability%2C+genetic+advance+and+trait+associations+in+selected+sorghum+%28Sorghum+bicolor+L.+Moench%29+accessions+in+Ethiopia&gs_lp=EgxnFILENAME
https://www.google.com/search?q=Genetic+variability%2C+heritability%2C+genetic+advance+and+trait+associations+in+selected+sorghum+%28Sorghum+bicolor+L.+Moench%29+accessions+in+Ethiopia&sca_esv=1ea7dde12f243e7b&sxsrf=ACQVn0-ge3RkIHpPS9hF8vzj_tP9gzlPww%3A1708678673373&ei=EV7YZfK3FtGY4-EPsuuhiAo&ved=0ahUKEwiyhPKKjMGEAxVRzDgGHbJ1CKEQ4dUDCBA&uact=5&oq=Genetic+variability%2C+heritability%2C+genetic+advance+and+trait+associations+in+selected+sorghum+%28Sorghum+bicolor+L.+Moench%29+accessions+in+Ethiopia&gs_lp=EgxnFILENAME
https://www.google.com/search?q=Breeding+Strategies+for+Improving+Rice+Yield+a+Review&sca_esv=601020098&sxsrf=ACQVn0-oFlmexDMIFgQJUpy0cZOk4XDbKg%3A1706084757877&ei=lcmwZc-WNbCNseMP_eu-mAQ&ved=0ahUKEwiPtcz_zPWDAxWwRmwGHf21D0MQ4dUDCBA&uact=5&oq=Breeding+Strategies+for+Improving+Rice+Yield+a+Review&gs_lp=Egxnd3Mtd2l6LXNlcnAiNUJyZWVkaW5nIFN0cmF0ZWdpZXMgZm9yIEltcHJvdmluZyBSaWNlIFlpZWxkIGEgUmV2aWV3MgUQIRigATIFECEYoAEyBRAhGKABSJwHULcCWLcCcAF4AJABAJgBqAGgAagBqgEDMC4xuAEDyAEA-AEB-AECqAIUwgIHECMY6gIYJ8ICFhAAGAMYjwEY5FILENAME
https://www.google.com/search?q=Breeding+Strategies+for+Improving+Rice+Yield+a+Review&sca_esv=601020098&sxsrf=ACQVn0-oFlmexDMIFgQJUpy0cZOk4XDbKg%3A1706084757877&ei=lcmwZc-WNbCNseMP_eu-mAQ&ved=0ahUKEwiPtcz_zPWDAxWwRmwGHf21D0MQ4dUDCBA&uact=5&oq=Breeding+Strategies+for+Improving+Rice+Yield+a+Review&gs_lp=Egxnd3Mtd2l6LXNlcnAiNUJyZWVkaW5nIFN0cmF0ZWdpZXMgZm9yIEltcHJvdmluZyBSaWNlIFlpZWxkIGEgUmV2aWV3MgUQIRigATIFECEYoAEyBRAhGKABSJwHULcCWLcCcAF4AJABAJgBqAGgAagBqgEDMC4xuAEDyAEA-AEB-AECqAIUwgIHECMY6gIYJ8ICFhAAGAMYjwEY5FILENAME
https://www.google.com/search?q=World+resource+institute+Crop+Breeding%3A+Renewing+the+Global+Commitment&sca_esv=601020098&sxsrf=ACQVn0-N4nW94pI_hKzUL6DYUQL9ZqW0AQ%3A1706084686167&ei=TsmwZeP1CcKKnesP2aKw8AM&ved=0ahUKEwjj1LPdzPWDAxVCRWcHHVkRDD4Q4dUDCBA&uact=5&oq=World+resource+institute+Crop+Breeding%3A+Renewing+the+Global+Commitment&gs_lp=Egxnd3Mtd2l6LXNlcnAiRldvcmxkIHJlc291cmNlIGluc3RpdHV0ZSBDcm9wIEJyZWVkaW5nOiBSZW5ld2luZyB0aGUgR2xvYmFsIENvbW1pdG1lbnRIowdQ3gJY3gJwAXgAkAEAmAGVAaABlQGqAQMwLjG4AQPIAQD4AQH4AQKFILENAME
https://www.google.com/search?q=World+resource+institute+Crop+Breeding%3A+Renewing+the+Global+Commitment&sca_esv=601020098&sxsrf=ACQVn0-N4nW94pI_hKzUL6DYUQL9ZqW0AQ%3A1706084686167&ei=TsmwZeP1CcKKnesP2aKw8AM&ved=0ahUKEwjj1LPdzPWDAxVCRWcHHVkRDD4Q4dUDCBA&uact=5&oq=World+resource+institute+Crop+Breeding%3A+Renewing+the+Global+Commitment&gs_lp=Egxnd3Mtd2l6LXNlcnAiRldvcmxkIHJlc291cmNlIGluc3RpdHV0ZSBDcm9wIEJyZWVkaW5nOiBSZW5ld2luZyB0aGUgR2xvYmFsIENvbW1pdG1lbnRIowdQ3gJY3gJwAXgAkAEAmAGVAaABlQGqAQMwLjG4AQPIAQD4AQH4AQKFILENAME
https://www.google.com/search?q=Morphological+traits+of+phytomers+and+shoots+in+the+first+Year+of+growth+as+markers+for+predicting+apple+tree+canopy+architecture&sca_esv=601020098&sxsrf=ACQVn08CjHKTplCJSFd3frLqFllrYEYXRg%3A1706084631518&ei=F8mwZd6pH9CQseMPvceqiA0&ved=0ahUKEwiekazDzPWDAxVQSGwGHb2jCtEQ4dUDCBA&uact=5&oq=Morphological+traits+of+phytomers+and+shoots+in+the+first+Year+of+growth+as+markers+for+predicting+apple+tree+canopy+architecture&gs_lp=Egxnd3Mtd2l6LXNlcnAigQFNb3JwaG9sb2dpY2FsIHRyYWl0cyBvZiBwaFILENAME
https://www.google.com/search?q=Morphological+traits+of+phytomers+and+shoots+in+the+first+Year+of+growth+as+markers+for+predicting+apple+tree+canopy+architecture&sca_esv=601020098&sxsrf=ACQVn08CjHKTplCJSFd3frLqFllrYEYXRg%3A1706084631518&ei=F8mwZd6pH9CQseMPvceqiA0&ved=0ahUKEwiekazDzPWDAxVQSGwGHb2jCtEQ4dUDCBA&uact=5&oq=Morphological+traits+of+phytomers+and+shoots+in+the+first+Year+of+growth+as+markers+for+predicting+apple+tree+canopy+architecture&gs_lp=Egxnd3Mtd2l6LXNlcnAigQFNb3JwaG9sb2dpY2FsIHRyYWl0cyBvZiBwaFILENAME

	Corresponding author

