Introduction

Water scarcity is a growing concern globally, particularly in regions
where agriculture is highly dependent on irrigation. In response to this
challenge, de citirrigation (DI) has emerged as a water-saving strategy,
where crops receive less water than their full irrigation requirements.

is approach is becoming increasingly important in the cultivation of
high-value cash crops, such as fruits, vegetables, and certain industrial
crops, which are critical for the economy in many regions. While DI
helps conserve water resources, it can have signi cant implications for
crop growth, root development, and yield performance [1].

Root morphology plays a critical role in determining how plants
respond to water stress. A well-developed root system can enable crops
to access deeper soil layers for water and nutrients, thus enhancing
drought tolerance. C
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root system development, plant growth, and nal yields under varying
water application levels.

e ndings of this study will contribute to a deeper understanding
of how high-value crops adapt to water scarcity through changes in their
root systemsand how these adaptations ultimatelya ect productivity. By
identifying crop-speci cresponsestode citirrigation, the research will
o er practical recommendations for improving irrigation management,
ensuring that high-value cash crops are grown more sustainably and
e ciently under water-limited conditions. Furthermore, the results
will be useful for agricultural policy and decision-makers seeking to
balance water conservation with the economic viability of cash crop
production in water-scarce regions [10].

Discussion

De cit irrigation (DI) is a widely adopted strategy in regions
experiencing water scarcity, aiming to optimize water usage without
drastically compromising crop yields. However, the impact of DI on root
morphology and yield performance in high-value cash crops is complex
and multifaceted. High-value crops, such as fruits, vegetables, and
certain industrial crops, o en exhibit unique physiological responses
to water stress. Understanding how DI a ects root growth and overall
productivity is critical for determining sustainable irrigation practices
that balance water conservation with economic viability.

One of the most signi cante ects of DI on root morphology is the
alteration of root architecture. In response to water stress, many plants
develop deeper or more extensive root systems to access moisture from
lower soil layers. is adaptation can enhance the plant’s ability to
survive periods of drought. However, deeper roots may not necessarily
correlate with improved yield if the water stress occurs during critical
developmental stages, such as owering or fruit setting.  ese stages
are 0 en the most sensitive to water de cits, and even small reductions
in water availability during these phases can lead to substantial yield
losses.

Moreover, the timing of water de cit is crucial in determining the
impact on root morphology and yield. Research suggests that early-
season water stress may lead to the development of deeper roots, which
can be bene cial later in the growing season when moisture is scarce.
However, late-season stress or stress during reproductive phases can
have more detrimental e ects, disrupting owering, pollination, and
fruit development, ultimately leading to reduced yields. e interaction
between water stress and crop phenology highlights the importance of
precise water management to ensure that DI does not coincide with key
growth phases that require abundant water.

In terms of yield performance, the relationship with DI is not
straightforward. While some crops show resilience under water-limited
conditions, others experience considerable yield reductions even with
moderate water de cits. High-value crops are o en more sensitive
to water stress due to their high economic importance and the costs
associated with reduced productivity. For instance, fruit crops may
experience smaller fruit size, fewer fruits, or delayed ripening when
exposed to water stress during critical stages. Similarly, vegetables may
show reductions in size, quality, and marketable yield when water is
restricted during owering and fruit development.

Despite these challenges, the ability of crops to adapt to DI varies
widely depending on species and cultivar. Some crops, such as drought-
tolerant varieties of tomatoes or grapes, exhibit better water-use
e ciency and yield stability under DI conditions. Others, such as high-
value leafy vegetables, may su er disproportionately from water stress.

us, selecting crop varieties that are more tolerant to water limitations
can be an important strategy for maintaining productivity under de cit
irrigation regimes.

Another important aspect of this discussion is the potential for
optimizing irrigation practices to mitigate yield losses. One approach
is the application of regulated de cit irrigation (RDI), where slight
water stress is imposed during non-critical growth phases, followed by
adequate irrigation during crucial periods. s strategy helps balance
water conservation with crop yield, potentially reducing overall water
consumption without compromising economic returns. Additionally,
advanced irrigation technologies such as drip irrigation can provide
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appropriate cultivars that are more tolerant to water limitations,
ensuring a better response to de cit irrigation.

e potential of regulated de cit irrigation (RDI) strategies,
where controlled water stress is applied at non-critical growth stages,
0 ers a promising approach to maximize water-use e ciency without
severely compromising yields. By combining RDI with advanced
irrigation technologies, such as drip irrigation, farmers can achieve a
balance between water conservation and maintaining crop health, thus
optimizing resource use.

In conclusion, while de cit irrigation presents a viable solution for
mitigating water scarcity, its success in high-value cash crops depends
on careful management of irrigation practices, crop selection, and
the timing of water stress. Future research should continue to explore
crop-speci ¢ responses to DI, re ne irrigation strategies, and evaluate
the long-term e ects of water stress on root development and yield.
Ultimately, by understanding and applying the ndings from this
research, agricultural producers can improve water-use e ciency and
ensure that high-value cash crops are grown sustainably under water-
limited conditions, safeguarding both productivity and pro tability.

Con ict of interest
None
Acknowledgment

None

References

1. *HPHFKX .HQHQL (QGDVKDZ %HNHH OXKDPPDG ,PilD] -LAH "DJQH *HILQHI
Alemaw, et al. (2017) Challenges Associated with Crop Breeding for Adaptation
to Drought-Prone Environments.

2. Rebolledo MC (2013) Early vigour occurs in combination with drought tolerance
DQG H FLHQI ZDIHU XVH LQ UFH JHQRINSHV

3. Sreenivasulu N (2015) Designing climate-resilient rice with ideal grain quality
suited for high-temperature stress. Journal of experimental botany.

4. Martre P (2015) Model-assisted phenotyping and ideotype design.

5. Asseng S, Ewert F, Rosenzweig C (2013) Uncertainties in assessing food
security under climate change.

6. Anderson E (1956) Man as a maker of new plants and new plant communities.
In: Thomas W (ed) Man’s role in changing the face of the earth. University of
Chicago Press Chicago 763-777.

7. S$INHY +4& 7KH XVH RI FIDVVL;FDILRQ RI UDILRQD0 XVH DV LQ IKH (DVIHUQ
Caucasus). The rationalization of the rational use of the Northern Caucasus
and the northern slopes of the hydrology. Principal 53-62.

8. BIHY %+ 7KH SUREIHP RI GHVHUIL¢ FDILRQ LQ $THUEDLDQ DQG ZD\V IR VRIYH
it, “Ziya-Nurlan” publishing house Baku.

9. S$IHY =+ 5HJIRQDI *HRIUDSKLF 3UREIHPV RI IKH SHSXEWLF RI $JHUEDLIDQ
(On Guba-Khachmaz economic region) Baku 156 p.

10. %XGDJRY %$
Baku 156 p.

1.DIIXUD0 IDQGVFDSHV RI $JHUEDUDQ 665 DQG IIKHLW SURIHFILRQ

Adv Crop Sci Tech, an open access journal

Volume 12 « Issue 12 « 1000770


https://www.google.com/search?q=Challenges+Associated+with+Crop+Breeding+for+Adaptation+to+Drought-Prone+Environments&sca_esv=601020098&sxsrf=ACQVn0917iGaK-Yw0h-0A_rq_8ry0dWpJw%3A1706084538411&ei=usiwZa_aGMKTseMPjq8r&ved=0ahUKEwivn_mWzPWDAxXCSWwGHY7XCgAQ4dUDCBA&uact=5&oq=Challenges+Associated+with+Crop+Breeding+for+Adaptation+to+Drought-Prone+Environments&gs_lp=Egxnd3Mtd2l6LXNlcnAiVUNoYWxsZW5nZXMgQXNzb2NpYXRlZCB3aXRoIENyb3AgQnJlZWRpbmcgZm9yIEFkYXB0YXRpb24gdG8gRHJvdWdodC1Qcm9uZSBFbnZpcm9ubWVudHNI3AtQvgZYvgZwFILENAME
https://www.google.com/search?q=Challenges+Associated+with+Crop+Breeding+for+Adaptation+to+Drought-Prone+Environments&sca_esv=601020098&sxsrf=ACQVn0917iGaK-Yw0h-0A_rq_8ry0dWpJw%3A1706084538411&ei=usiwZa_aGMKTseMPjq8r&ved=0ahUKEwivn_mWzPWDAxXCSWwGHY7XCgAQ4dUDCBA&uact=5&oq=Challenges+Associated+with+Crop+Breeding+for+Adaptation+to+Drought-Prone+Environments&gs_lp=Egxnd3Mtd2l6LXNlcnAiVUNoYWxsZW5nZXMgQXNzb2NpYXRlZCB3aXRoIENyb3AgQnJlZWRpbmcgZm9yIEFkYXB0YXRpb24gdG8gRHJvdWdodC1Qcm9uZSBFbnZpcm9ubWVudHNI3AtQvgZYvgZwFILENAME
https://www.google.com/search?q=Early+vigour+occurs+in+combination+with+drought+tolerance+and+efficient+water+use+in+rice+genotypes&sca_esv=601020098&sxsrf=ACQVn08Oq2ax8sM6fx9fpj1snOW7nMqrHQ%3A1706084479133&ei=f8iwZaXNB_2WseMP2tmI0AE&ved=0ahUKEwjliNf6y_WDAxV9S2wGHdosAhoQ4dUDCBA&uact=5&oq=Early+vigour+occurs+in+combination+with+drought+tolerance+and+efficient+water+use+in+rice+genotypes&gs_lp=Egxnd3Mtd2l6LXNlcnAiY0Vhcmx5IHZpZ291ciBvY2N1cnMgaW4gY29tYmluYXRpb24gd2l0aCBkcm91Z2h0IHRvbGVyYW5jZSBhbmQgZWZmaWNpZW50IFILENAME
https://www.google.com/search?q=Early+vigour+occurs+in+combination+with+drought+tolerance+and+efficient+water+use+in+rice+genotypes&sca_esv=601020098&sxsrf=ACQVn08Oq2ax8sM6fx9fpj1snOW7nMqrHQ%3A1706084479133&ei=f8iwZaXNB_2WseMP2tmI0AE&ved=0ahUKEwjliNf6y_WDAxV9S2wGHdosAhoQ4dUDCBA&uact=5&oq=Early+vigour+occurs+in+combination+with+drought+tolerance+and+efficient+water+use+in+rice+genotypes&gs_lp=Egxnd3Mtd2l6LXNlcnAiY0Vhcmx5IHZpZ291ciBvY2N1cnMgaW4gY29tYmluYXRpb24gd2l0aCBkcm91Z2h0IHRvbGVyYW5jZSBhbmQgZWZmaWNpZW50IFILENAME
https://www.google.com/search?q=Designing+climate-resilient+rice+with+ideal+grain+quality+suited+for+high-temperature+stress&sca_esv=601020098&sxsrf=ACQVn08IZfJzV10LQmNuO_H-JL67uZ8hEQ%3A1706084427418&ei=S8iwZaGRGfn5seMP-eKMuAw&ved=0ahUKEwjh4oLiy_WDAxX5fGwGHXkxA8cQ4dUDCBA&uact=5&oq=Designing+climate-resilient+rice+with+ideal+grain+quality+suited+for+high-temperature+stress&gs_lp=Egxnd3Mtd2l6LXNlcnAiXERlc2lnbmluZyBjbGltYXRlLXJlc2lsaWVudCByaWNlIHdpdGggaWRlYWwgZ3JhaW4gcXVhbGl0eSBzdWl0ZWQgZm9yIGhpZ2gtdGVtcGVyYXRFILENAME
https://www.google.com/search?q=Designing+climate-resilient+rice+with+ideal+grain+quality+suited+for+high-temperature+stress&sca_esv=601020098&sxsrf=ACQVn08IZfJzV10LQmNuO_H-JL67uZ8hEQ%3A1706084427418&ei=S8iwZaGRGfn5seMP-eKMuAw&ved=0ahUKEwjh4oLiy_WDAxX5fGwGHXkxA8cQ4dUDCBA&uact=5&oq=Designing+climate-resilient+rice+with+ideal+grain+quality+suited+for+high-temperature+stress&gs_lp=Egxnd3Mtd2l6LXNlcnAiXERlc2lnbmluZyBjbGltYXRlLXJlc2lsaWVudCByaWNlIHdpdGggaWRlYWwgZ3JhaW4gcXVhbGl0eSBzdWl0ZWQgZm9yIGhpZ2gtdGVtcGVyYXRFILENAME
https://www.google.com/search?q=Model-assisted+phenotyping+and+ideotype+design&sca_esv=601020098&sxsrf=ACQVn0_Dy5Us77iD0qRb9Y3QBnyUNZo_1g%3A1706084364008&ei=DMiwZYcQr9ix4w_WuYSQAg&ved=0ahUKEwiHxuTDy_WDAxUvbGwGHdYcASIQ4dUDCBA&uact=5&oq=Model-assisted+phenotyping+and+ideotype+design&gs_lp=Egxnd3Mtd2l6LXNlcnAiLk1vZGVsLWFzc2lzdGVkIHBoZW5vdHlwaW5nIGFuZCBpZGVvdHlwZSBkZXNpZ24yBRAhGKABMgUQIRigATIFECEYoAFI4whQygJYygJwAXgBkAEAmAGyAaABsgGqAQMwLjG4AQPIAQD4AQH4AQKoAhTCAgcQIxjqAhgnwgIUEAAYgAQY4wQY6QQY6gIYtALYAQHCAhYQABgDFILENAME
https://www.google.com/search?q=Uncertainties+in+assessing+food+security+under+climate+change&sca_esv=601020098&sxsrf=ACQVn0-tsYJ0Srm3leBBpS6tAEuBvpANBg%3A1706084289702&ei=wcewZba8KtOgnesPyI2JoAI&ved=0ahUKEwj2oK2gy_WDAxVTUGcHHchGAiQQ4dUDCBA&uact=5&oq=Uncertainties+in+assessing+food+security+under+climate+change&gs_lp=Egxnd3Mtd2l6LXNlcnAiPVVuY2VydGFpbnRpZXMgaW4gYXNzZXNzaW5nIGZvb2Qgc2VjdXJpdHkgdW5kZXIgY2xpbWF0ZSBjaGFuZ2VI-wlQ9QJY9QJwAXgAkAEAmAGVAaABlQGqAQMwLjG4AQPIAQD4AQH4AQKoAhTCAgcQIxjqAhgnwgITEAAYgAQYigUYQFILENAME
https://www.google.com/search?q=Uncertainties+in+assessing+food+security+under+climate+change&sca_esv=601020098&sxsrf=ACQVn0-tsYJ0Srm3leBBpS6tAEuBvpANBg%3A1706084289702&ei=wcewZba8KtOgnesPyI2JoAI&ved=0ahUKEwj2oK2gy_WDAxVTUGcHHchGAiQQ4dUDCBA&uact=5&oq=Uncertainties+in+assessing+food+security+under+climate+change&gs_lp=Egxnd3Mtd2l6LXNlcnAiPVVuY2VydGFpbnRpZXMgaW4gYXNzZXNzaW5nIGZvb2Qgc2VjdXJpdHkgdW5kZXIgY2xpbWF0ZSBjaGFuZ2VI-wlQ9QJY9QJwAXgAkAEAmAGVAaABlQGqAQMwLjG4AQPIAQD4AQH4AQKoAhTCAgcQIxjqAhgnwgITEAAYgAQYigUYQFILENAME
https://www.google.com/search?q=Man+as+a+maker+of+new+plants+and+new+plant+communities.+In%3A+Thomas+W+(ed)+Man%E2%80%99s+role+in+changing+the+face+of+the+earth&oq=Man+as+a+maker+of+new+plants+and+new+plant+communities.+In%3A+Thomas+W+(ed)+Man%E2%80%99s+role+in+changing+the+face+of+the+earth&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTEzNDZqMGoxNagCALACAA&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Man+as+a+maker+of+new+plants+and+new+plant+communities.+In%3A+Thomas+W+(ed)+Man%E2%80%99s+role+in+changing+the+face+of+the+earth&oq=Man+as+a+maker+of+new+plants+and+new+plant+communities.+In%3A+Thomas+W+(ed)+Man%E2%80%99s+role+in+changing+the+face+of+the+earth&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTEzNDZqMGoxNagCALACAA&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=The+use+of+classification+of+rational+use+(as+in+the+Eastern+Caucasus).+The+rationalization+of+the+rational+use+of+the+Northern+Caucasus+and+the+northern+slopes+of+the+hydrology&oq=The+use+of+classification+of+rational+use+(as+in+the+Eastern+Caucasus).+The+rationalization+of+the+rational+use+of+the+Northern+Caucasus+and+the+northern+slopes+of+the+hydrology&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTIxMzVqMGoxNagCALACAA&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=The+use+of+classification+of+rational+use+(as+in+the+Eastern+Caucasus).+The+rationalization+of+the+rational+use+of+the+Northern+Caucasus+and+the+northern+slopes+of+the+hydrology&oq=The+use+of+classification+of+rational+use+(as+in+the+Eastern+Caucasus).+The+rationalization+of+the+rational+use+of+the+Northern+Caucasus+and+the+northern+slopes+of+the+hydrology&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTIxMzVqMGoxNagCALACAA&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=The+use+of+classification+of+rational+use+(as+in+the+Eastern+Caucasus).+The+rationalization+of+the+rational+use+of+the+Northern+Caucasus+and+the+northern+slopes+of+the+hydrology&oq=The+use+of+classification+of+rational+use+(as+in+the+Eastern+Caucasus).+The+rationalization+of+the+rational+use+of+the+Northern+Caucasus+and+the+northern+slopes+of+the+hydrology&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTIxMzVqMGoxNagCALACAA&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=The+problem+of+desertification+in+Azerbaijan+and+ways+to+solve+it%2C+%22Ziya-Nurlan%22+publishing+house+Baku&sca_esv=589016601&sxsrf=AM9HkKkJGI90KNbmwe2GQ-dekQGEVCpprA%3A1702023404878&ei=7NByZZeENcKOseMPjoOEoA4&ved=0ahUKEwiXqsmjs_-CAxVCR2wGHY4BAeQQ4dUDCBA&uact=5&oq=The+problem+of+desertification+in+Azerbaijan+and+ways+to+solve+it%2C+%22Ziya-Nurlan%22+publishing+house+Baku&gs_lp=Egxnd3Mtd2l6LXNlcnAiZlRoZSBwcm9ibGVtIG9mIGRlc2VydGlmaWNhdGlvbiBpbiBBemVyYmFpamFuIGFuZCB3YXlzIHRvIHNFILENAME
https://www.google.com/search?q=The+problem+of+desertification+in+Azerbaijan+and+ways+to+solve+it%2C+%22Ziya-Nurlan%22+publishing+house+Baku&sca_esv=589016601&sxsrf=AM9HkKkJGI90KNbmwe2GQ-dekQGEVCpprA%3A1702023404878&ei=7NByZZeENcKOseMPjoOEoA4&ved=0ahUKEwiXqsmjs_-CAxVCR2wGHY4BAeQQ4dUDCBA&uact=5&oq=The+problem+of+desertification+in+Azerbaijan+and+ways+to+solve+it%2C+%22Ziya-Nurlan%22+publishing+house+Baku&gs_lp=Egxnd3Mtd2l6LXNlcnAiZlRoZSBwcm9ibGVtIG9mIGRlc2VydGlmaWNhdGlvbiBpbiBBemVyYmFpamFuIGFuZCB3YXlzIHRvIHNFILENAME
https://www.google.com/search?q=Regional+Geographic+Problems+of+the+Republic+of+Azerbaijan&sca_esv=589016601&sxsrf=AM9HkKkP0-91pWywp3TACVODEge_BJxeYA%3A1702023484927&ei=PNFyZYqCOLGaseMPv7KDiAE&ved=0ahUKEwiKkN_Js_-CAxUxTWwGHT_ZABEQ4dUDCBA&uact=5&oq=Regional+Geographic+Problems+of+the+Republic+of+Azerbaijan&gs_lp=Egxnd3Mtd2l6LXNlcnAiOlJlZ2lvbmFsIEdlb2dyYXBoaWMgUHJvYmxlbXMgb2YgdGhlIFJlcHVibGljIG9mIEF6ZXJiYWlqYW4yBxAhGKABGApIxghQgQNYgQNwAXgAkAEAmAGgAaABoAGqAQMwLjG4AQPIAQD4AQH4AQKoAhTCAgcQIxjqAhgnwgIWEAAYAxiPARjFILENAME
https://www.google.com/search?q=Natural+landscapes+of+Azerbaijan+SSR+and+their+protection&sca_esv=589016601&sxsrf=AM9HkKnUt5jvz1_d7LGmu4V7dg1lsJklsg%3A1702023518271&ei=XtFyZaqFEODNseMPsM-mkA4&ved=0ahUKEwiqrNLZs_-CAxXgZmwGHbCnCeIQ4dUDCBA&uact=5&oq=Natural+landscapes+of+Azerbaijan+SSR+and+their+protection&gs_lp=Egxnd3Mtd2l6LXNlcnAiOU5hdHVyYWwgbGFuZHNjYXBlcyBvZiBBemVyYmFpamFuIFNTUiBhbmQgdGhlaXIgcHJvdGVjdGlvbjIFECEYoAEyBRAhGKABMgUQIRigAUijClChA1ihA3ABeAGQAQCYAcMBoAHDAaoBAzAuMbgBA8gBAPgBAfgBAqgCFMICBxAjGOoCGCfCAFILENAME

	Corresponding author

