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SUMMARY

Due to population growth, limited water resources, and increased demand for water, the Arab
Republic of Egypt faces challenges in managing its water resources, particularly in areas with intensive
agricultural production in the Nile Valley and Delta. These challenges, compounded by climate change,
have led farmers to continue using primitive irrigation methods. This requires adjusting the management
of available water in both new and existing lands to increase crop production, achieve food security, and
achieve sustainable development. Implementing more efficient irrigation technologies is an important
approach in this regard. Therefore, the importance of studying ways to rationalize water use in Egypt is
evident.

This study aims to evaluate three different irrigation systems applied to clay soils in Menoufia
Governorate, Egypt. These systems are flood irrigation (F1), surface drip irrigation (SDI), and subsurface
drip irrigation (SSDI), used for growing wheat (winter) and maize (summer).

1- Study the effects of different irrigation systems, irrigation water quantities, available water quantity,
and productivity.

2- Studying the effect of different irrigation systems on some physical and chemical properties of clay
soil and plant growth under clay soil conditions in Menoufia Governorate.

Two field experiments were conducted in the experimental greenhouse of the Department of Soil
Sciences, Faculty of Agriculture, Shebin EI-Kom, Menoufia University, Egypt, testing winter wheat and
summer maize as test plants during the two consecutive growing seasons (winter 2020/2021 and summer
2021). Three different irrigation systems were used: FI, SDI, and SSDI. Each experiment consisted of
three experimental plots. The experimental plot area was 30 square meters. Each treatment was repeated
three times.

The results obtained from the experiments showed the following:

The results obtained showed that the drip irrigation system performed efficiently according to the
design. It was found that the largest amount of irrigation water was applied under the FI, and SSDI
provided the least amount of irrigation water used compared to both FI and SDI. SSDI resulted in higher
plant heights compared to SDI and FI. However, it was found that SDI achieved the highest grain and
water productivity of wheat and maize compared to the FI and SSDI. Furthermore, the SDI significantly
enhanced the biological yield of wheat and maize crops compared to FI and SSDI. Important results
include the following:
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» Wheat Yield

1- SDI saved 364.0 (m®fed), a 21.41% decrease compared to FI.

2- SDI produced a 6.46% higher yield, at 180.6 kg/fed, compared to FI.

3- SSDI saved 377.0 (m®/fed), a 22.18% decrease compared to FI.

4- SDI achieved the highest water use efficiency, at 2.23 kg/m?, followed by SSDI, which achieved an
efficiency of 1.97 kg/m®. FI had the lowest water use efficiency, at 1.64 kg/m?.

5- From a statistical analysis perspective, the criteria show SDI generally produced the highest values
for all growth and yield traits, often significantly outperforming both FI and SSDI. For example, SDI
achieves the highest straw yield (4471.00 kg/fed) and grain yield (2976.4 kg/fed), both significantly
higher than FI and SSDI. FI typically comes in second, with values significantly higher than SSDI and
lower than SDI. SSDI consistently exhibits the lowest values and often differs significantly from the
other two systems. This trend is evident in several key characteristics, including plant height, spike
length, number of stalks and spikes per square meter, number of grains per plant, thousand-grain
weight, biological yield, and harvest index.

» Maize Yield

1- SDI saved 594.6 (m®/fed), a 21.43% decrease compared to FI.

2- SDI produced a 13.14% higher yield, at 423 kg/fed, compared to FI.

3- SSDI saved 614.4 (m3/fed), a 22.14% decrease compared to FI.

4- SDI achieved the highest water use efficiency of 1.67 kg/m?, followed by SSDI with an efficiency of
1.38 kg/m3, while the FI had the lowest efficiency of 1.16 kg/m3.

5- From a statistical analysis perspective, the parameters reveal that SDI generally produces the highest
values for all growth and productivity traits, often significantly outperforming both FI and SSDI. For
example, SDI achieved the highest straw yield (4815.67 kg/fed) and grain yield (3642.80 kg/fed), both
of which were significantly higher than both FI and SSDI. FI typically came in second, with values
significantly higher than SSDI and lower than SDI. SSDI consistently shows the lowest values and
often differs significantly from the other two systems. This trend is evident in plant height, ear length
(cm), number of grains/rows, number of grains/cups, thousand-grain weight, biological yield, and
harvest index.

Statistical analysis using LSD at 0.05 clearly shows that the irrigation system significantly affects
nutrient uptake by wheat and maize straw in clay soils. SDI consistently results in the highest uptake
levels for nitrogen, phosphorus, potassium, iron, zinc, and manganese, and is the only system that
significantly improves copper uptake compared to FI and SSDI. LSD values serve as critical thresholds
that ensure that the observed differences are robust and not due to random variation.

The slight positive correlation with zinc and copper may be related to the effects of stress on nutrient
access to the roots, but in general, these properties play a secondary role in nutrient dynamics compared
to texture, pH, and organic matter.

The interaction between soil texture, pH, organic matter, CEC, calcium carbonate, and other factors
control nutrient availability in complex ways. Clay and organic matter content enhance nutrient retention,
while pH regulates solubility, particularly for phosphorus and micronutrients. The distinctive behavior of
manganese underscores the need for specialized management in soils with unique conditions, such as high
salinity or poor drainage. These findings underscore the importance of understanding specific soil
properties to optimize nutrient management and enhance agricultural productivity. Future research should
focus on elucidating the causal mechanisms behind these associations to guide tailored soil management
practices.

This study demonstrates that drip irrigation outperforms conventional methods in terms of water
savings, increased yield, and water use efficiency. Therefore, farmers are recommended to adopt drip
irrigation systems as an alternative to conventional irrigation methods. However, modern irrigation
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systems can pose challenges, including variations in soil water redistribution based on soil type and
characteristics, nutrient availability, and varying crop responses, as well as concerns related to system
installation and maintenance. To overcome these challenges, it is essential to regularly monitor soil
characteristics and plant growth to ensure optimal system performance and sustainability.

Recommendations

1-

Prioritize SDI as the preferred irrigation technology for both wheat and maize on clay soils in
Menoufia, Egypt. SDI offers greater water-use efficiency and higher yields compared to flood
irrigation, significantly reducing water costs while increasing crop revenues. This dual benefit is
critical given the high value of water in arid regions.

Policymakers and farm managers should encourage investments in surface drip irrigation by
considering the long-term economic returns from reduced water consumption and increased crop
yields, despite the potential high initial capital costs. Over time, lower operational water costs,
coupled with improved yields, can offset these initial investments.

Although SSDI technology shows slightly better water savings, its low yields, particularly in wheat,
indicate the need for further optimization or context-specific cost-benefit analysis before its
widespread adoption. Further research may be necessary to fine-tune SSDI technology to maximize
yields, ensuring that water savings do not come at the expense of productivity.

In addition to adopting SDI technology, improving lateral spacing and system management can
improve water savings and water use efficiency, as noted in several studies in this context. This will
help maximize the agronomic and economic performance of irrigation systems in water-constrained
areas.

These results highlight the significant potential of drip irrigation systems for water savings, as well as

their positive impact on maize growth and yield on clay soils, demonstrating their effectiveness in
addressing the challenges of water scarcity in Egypt.

Therefore, the use of a drip irrigation system is highly recommended to improve yield and water

productivity in clay soil conditions, and the necessity of periodic monitoring of soil properties and plants
growing in the area under study.
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