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Introduction

Drought and water shortage for agricultural consumption are vital issues in arid and semi-arid
regions of the world, and water is one of the most important factors contributing to crop yields
(Torabi Haghighi et al. 2020; Anjum et al. 2023). For instance, in Khuzestan province, frequent
irrigation is needed to sustain normal or high agricultural productivity due to the low rainfall.
However, the application efficiency is important when selecting a suitable irrigation method and
schedule in arid and semi-arid regions. Subsurface drip irrigation (SDI), offers promising opportunity
for reducing irrigation requirements while sustaining high water and crop productivity. SDI emitters
are installed in the soil profile near the root system, maximizing the water uptake (Manikandan and
Thiyagarajan, 2021). The sugarcane (Saccharum officinarum L.) growth is strongly dependent on
phosphorus (P) and potassium nutrition. Phosphorus (P) is an essential macronutrient in sustainable
production of sugarcane. Phosphorus plays fundamental roles in the sugarcane photosynthesis, root
development, tillering, growth and yield of sugarcane (Boschiero et al., 2019). Potassium is another
essential macronutrient for sugarcane growth and productivity. The importance of potassium in plant
metabolism and its role as a cofactor in activities of more than 60 enzymes has been reported. The
role of potassium in various plant physiological processes, namely, seed germination and emergence,
stomatal regulation, phloem transport, cation-anion balance, protein synthesis, photosynthesis,
energy transfer, osmoregulation, nutrient balance, and stress resistance is also reported (Sardans and
Pefiuelas, 2021).

Considering the decrease of water resources and the possibility of developing subsurface drip
irrigation in the sugarcane fields and industries of Khuzestan in the coming years, investigating the
condition of soil nutrients and their uptake by sugarcane under of subsurface drip irrigation and
furrow irrigation conditions can be effective in evaluating soil fertility status and fertilization
planning in sugarcane fields. Therefore the purpose of this study was to comparison of the of
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phosphorus and potassium availability in the soil and their uptake by sugarcane under subsurface drip
irrigation and furrow irrigation conditions.

Materials and methods

This research was conducted in two sugarcane fields including subsurface drip irrigation and
furrow irrigation, located in Khuzestan Hakim Farabi Agro-Industry, SW Iran. In both subsurface
drip irrigation and furrow irrigation fields, after field preparation, sugarcane (CP69-1062 variety)
were planted in rows with a distance of 40 cm from each other. In the subsurface drip irrigation field,
the irrigation lateral pipe was placed in a depth of 20 cm from the soil surface, drippers spacing was
50 cm and drippers flow rate of 2.4 L h™. The distance of the irrigation lateral pipes from each other
was considered to be 183 cm according to the conditions of sugarcane cultivation. Before planting,
the application of phosphorus fertilizer 250 kg ha™ as triple superphosphate was done in both fields.
In this study, in order to comparison the soil phosphorus and potassium availability, soil sampling
was done at two and four months after cultivation. The soil was air-dried and passed through a sieve
(<2 mm). The soil’s available phosphorus and potassium were measured by 0.5M NaHCO; and 1M
NH,OAc extraction methods, respectively. In addition, shoot dry weight and the concentration of
phosphorus and potassium in the sugarcane shoot were determined at two and four months.
Harvested shoots of plant from each fields were thoroughly rinsed with deionized water and oven-
dried at 70 °C. Then, the dry weights were measured. Phosphorus and potassium concentration in the
shoot was measured after 4M HCI digestion. The phosphorus and potassium concentration of the
shoots were measured with a flame photometer and spectrophotometer, respectively. Also, the
phosphorus and potassium uptake in sugarcane shoot were calculated. Statistical analysis and average
data comparison was done using t test.

Results and discussion

The results showed that in both sampling times, the concentration of available phosphorus in the
soil in subsurface drip irrigation conditions was higher than that under furrow irrigation conditions.
Results indicated that at two months after cultivation, there was no significant difference between
available soil potassium concentrations in two irrigation methods. At the time of four months after
cultivation, the available potassium concentration of the soil was significantly higher in subsurface
drip irrigation conditions than in furrow irrigation conditions. In four months after cultivation, the
shoot dry weight of sugarcane under subsurface drip irrigation conditions was higher than under
furrow irrigation conditions. The results showed that in both times, two and four months after
cultivation, the concentration of phosphorus and potassium in sugarcane shoots was higher under
subsurface drip irrigation conditions than under furrow irrigation conditions. Although this difference
was not statistically significant for both phosphorus and potassium nutrients four months after
cultivation. In both sampling times (two and four months after cultivation), the phosphorus and
potassium uptake in the sugarcane shoot in subsurface drip irrigation conditions was significantly
higher than in furrow irrigation conditions.

Conclusion

Therefore, it can be concluded that in the early stages of plant growth (four months after
cultivation), the phosphorus and potassium availability in the soil and their uptake by sugarcane plant
can be improved under subsurface drip irrigation conditions.
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Table 2- Statistical comparison of available P and K in the soil based on t test

. . t

Sampling time df Soil available Phosphorus  Soil available potassium
T 8 1.82° -0.15™
T, 8 358" -1.42"

"™ *and ** are non-significant and significant at 5 and 1 % probability level, respectively
T1 and T2 are sampling time at two and four month of after planting, respectively
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(mg kg?)
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& Fl
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Fig. 1- Soil available concentration of P in the subsurface drip irrigation (SDI) and furrow irrigation
(FI) fields at two (T1) and four (T2) month of after planting (Means with similar at each sampling
time letter are not significantly different (P<0.05) according to the t test.)
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Fig. 2- Soil available concentration of K in the subsurface drip irrigation (SDI) and furrow irrigation
fields at two (T1) and four (T2) month of after planting (Means with similar at each sampling time
letter are not significantly different (P<0.05) according to the t test)
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Table 3- Statistical comparison of shoot dry weight, Shoot P and K concentration and uptake based

. t
Sa{?rpr)]lemg df Shoot dry Shoot P Shoot K Shoot P Shoot K
weight concentration  concentration Uptake uptake
T, 8 0.28™ 4227 3337 1.417 259
T, 8 -3.47 2.27™ 1.24"™ 1.24" 5.84"

"™ *and ** are non-significant and significant at 5 and 1 % probability level, respectively
T, and T, are sampling time at two and four month of after planting, respectively
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Table 3- Mean comparison of shoot dry weight, Shoot P and K concentration and uptake at two (T1)
and four (T2) month of after planting

Sampling Field Shoot dry Shoot P Shoot K Shoot P Shoot K
time weight concentration  concentration Uptake uptake
Subsurface drip a a a a a
irrigation (SDI) 2.24 0.25 2.52 5.61 56.50
T
_Furrow 2.14° 0.22° 2.15" 4.70° 45.99"
irrigation (FI)
Subsurface drip a a a a a
irrigation (SDI) 3.32 0.21 1.84 6.97 61.14
T,
Furrow 3.06° 0.20° 1.74° 6.12° 53.27°
irrigation

Means with similar at each sampling time letter are not significantly different (P<0.05) according to the t
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