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Extended Abstract

Introduction

When the concentration of salts exceeds the tolerance threshold, it causes irreversible physiological damage to
plants. The primary objective of soil salinity control measures is to regulate the movement of water and the
downward leaching of salts, thereby preventing their accumulation and upward movement to the soil surface due
to evaporation and transpiration. Subsurface drip irrigation enhances irrigation efficiency and mitigates salinity
levels. However, precise design and management are crucial for controlling water salinity. Given the necessity for
optimal use of irrigation water and the development of subsurface drip irrigation in sugarcane fields in Khuzestan,
along with the significant impact of soil salinity, it is essential to study the changes in soil salts and their distribution
across various irrigation methods and management practices in arid and semi-arid conditions. Therefore, this study
aimed to investigate the effects of fertilization stages in subsurface irrigation on salt accumulation, sodium
adsorption ratio, and ammonium and nitrate levels at various soil depths within the root development zone of
sugarcane under a subsurface drip irrigation system.

Materials and Methods

The study was conducted at the Farabi Sugarcane Agro-Industry during the agricultural year 2021-2022, located
35 km from the Ahvaz-Abadan Road, east of the Karun River. After preparing the land and creating furrows,
sugarcane cuttings of the CP69-1062 variety were planted in two rows, spaced 40 cm apart. A water tube was
positioned between the two rows of cuttings. In-line dripper pipes, with a diameter of 20 mm, a dripper spacing of
50 cm, and a flow rate of 2.4 L/h, were installed at a depth of 20 cm below the soil surface. The average electrical
conductivity (EC) of the irrigation water during the research period was 3.18 dS/m. Irrigation planning and water
requirements for the sugarcane plants were based on a five-year average of evapotranspiration, plant coefficients,
and evaporation pan coefficients, while considering the appropriate irrigation intervals. Nitrate fertilization was
applied at a rate of 300 kg/ha, with 25 kg/ha administered at each stage. Soil salt accumulation was evaluated
through sampling conducted in six stages, one week after each fertilization. The EC, pH, and concentrations of
calcium, sodium, magnesium, ammonium, and nitrate dissolved in the saturated extract were measured. To
investigate the effects of fertilization, a factorial split-plot experimental design with three replications was
employed. The fertilization treatment consisted of six stages (T1, T2, T3, T4, TS5, and T6), while the soil depth
treatment included five depths (0-20, 20-40, 40-60, 60-80, and 80-100 cm).

Results and Discussion

The results indicated that the highest and lowest pH values were recorded in T3 and T4, respectively. The highest
EC of 4.55 dS/m was observed in stage T4, while the lowest EC of 3.01 dS/m was noted in stage T1. Additionally,
the highest EC at a depth of 20 cm was measured at 5.34 dS/m. The concentration of NH; was highest in stage T1
across all depths compared to the other fertilization stages. The highest and lowest concentrations of NO3 were
recorded in TS and T2, measuring 30.47 mg/kg and 20.11 mg/kg, respectively. At a depth of 20 cm, the
concentration of NO3 in the soil, equal to 33.54 mg/kg, was higher than at other sampled depths. This trend may
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be due to the subsurface drip irrigation system, where the wetting front does not exceed this range. The interaction
between fertilization stages and sampling depth revealed that the highest sodium adsorption ratio (SAR) occurred
during fertilization stage T4 at a depth of 20 cm from the soil surface (11.31), while the lowest SAR was recorded
during fertilization stages T1 and T6 at a depth of 80 cm (4.66 and 4.57, respectively). In this study, the increase
in SAR was not influenced by the quality of irrigation water but rather by the type of irrigation method (subsurface
drip) and the depth of drip installation.

Conclusion

The results of this study indicated that the application of nitrogen fertilizer had a variable effect on soil pH over
the study period. This variability may be attributed to microbial activity, mineralization, and nitrification processes.
The highest pH was recorded during the third stage of fertilization, while the lowest pH was observed in the fourth
stage. Additionally, the highest soil salinity occurred due to the interaction between fertilization stages and soil
depth at the fourth fertilization stage, specifically at a depth of 20 cm, which increased by 54.7 percent compared
to the same depth during the first stage. The highest concentration of ammonium was found in the first stage,
which was 28.3 percent greater than the lowest concentration measured in the second stage. Furthermore, soil
nitrate concentrations revealed that the highest and lowest levels were recorded in the fifth and second stages,
respectively, with a difference of 67.15% between them. Overall, the concentrations of ammonium and nitrate in
the soil decreased over time. The behavior of the sodium adsorption ratio was similar to that of electrical
conductivity, both of which increased during the study. This increase was particularly pronounced at the soil
surface due to the depth of soil moisture penetration and the irrigation method employed. Based on the findings of
this study, it is recommended to implement surface irrigation in conjunction with subsurface drip irrigation during
the hot months with high evaporation rates.
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Table 1. Some physical and chemical properties of the studied farm soil

Calcium Organic Total Available
Soil texture class pH EC (dS/m) carbonate carbon (%) nitrogen concentration (mg/kg)
equivalent (%) (g/kg) P* K*
Clay loam 7.81 2.81 47.5 0.35 0.64 3.44 92.22
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Table 2. Chemical and qualitative characteristics of irrigation water

EC Cation concentration Anion concentration Water class
Parameters | pH (dS/m) (mg/L) (mg/L) SAR classification
Na* Ca* Mg* HCOy SO* Ccr
Average 7.93 3.18 220.03 89.21 407.30 669.52 | 592.64 | 216.81 | 5.81 C4S,
oA sl o950 )3 Blisee (slole 13 (4, Y Jou
Table 3. Rainfall in different months during the research period
month Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total rainfall

(mm) Rainfall 0 2.8 28.8  43.1 14.7 8.7

6.1 0 0 0.4 0 104.6
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Table 4. Plant coefficient (Kc) of sugarcane (variety CP69-1062), basin coefficient, irrigation interval and irrigation water volume
during the research period

month Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Vegetation coefficient (Kc) 0.78 0.58 047 047 0.5 0.73 0.8 0.88 1.14 1.23 1.14 1.04

Pan coefficient (Kp) 0.73 069 063 058 062 072 077 077 0.78 0.78 0.77 0.75
Irrigation period (days) 3 3 3 3 3 2 1 1 2 2

Irrigation water volume (m3/ha) 3973 1847 733 584 577 831 1500 3067 6277 4832 3337
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Source of changes Df pH EC NH4* NO;y SAR
Repetition 2 0.01™ 1.05™ 0.65™ 13.63" 1.28™
Fertilization stages 5 0.1" 3.74" 124.97™ 212.92" 29.02"
Soil depth 4 0.03™ 16.07" 94.37" 635.50" 591"
Time * Soil depth 20 0.01™ 1.294™ 17517 42.99™ 1.64™
Total error 48 0.01 0.23 2.33 13.05 0.38
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Figure 3. Effect of fertilization stages on soil pH
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Figure 4. Effect of fertilization stages (a) and soil depth (b) on soil electrical conductivity
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Figure 5. Comparison of the average interaction effect of fertilization stages and soil depth on soil electrical conductivity
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Figure 8. Effect of fertilization stages (a) and soil depth (b) on soil nitrate concentration
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Figure 9. Comparison of the average interaction effect of fertilization stages and soil depth on soil nitrate concentration
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Figure 10. Effect of fertilization stages (a) and soil depth (b) on soil sodium adsorption ratio

(SAR) oo e Comd —Y-¥

Copmd &30 (L35 O Joio (bl 4525 @l (o) 2
Cably (gybolize OS] 23365 Jolpo )0 Sl medw Lo
23395 )3 (IS mrdes Ol ol jlae o s 45 (59l
O 3 (A7) JS8) Sl MY e & )l b po ()59 5t
9 Ol Hlade oy s (SOl colin wiles S Gee
JS5) sl ST s I (20 s =Y+ Bas 0 paise]
(b-y-
e &S ob it S Gas g 23S Jolpe blate ol
Y Jgsa) caily (gjbliae Ms! (SAR) o ol Canns

dsyo (23365 15 (SAR) e o Cand Hlde oy 5 i
A Bos g widih g Jgl Al>ye (23355 )3 ] ke 50
(V) JSs) w5 FOY g Y155 L ply oS o pe le S-
pilo 4>y )3 (SAR) modw Clo Cand lime (p e
CaiS ) e Sl ) o8 ol 2l 31 2308 s
Sl Uiy g9 U cov St Sk wp ol O

sl S0 plad i Bos g (a5 (glo ko)



WAL ITY Olbdo V€ £ JW‘Y’D)MsO b)gb/db-gui%ﬂMgd)WJMQW/Q,)MS‘SJW ¥
12 «
=
- & =
12 o a0 < D
8122 g @Y EC : 2
18 = EE S 2 — Bk = g o
IR = = = £
= BZ Z2%73% & s, f.88 2 &
%) j:j? = e = ; £ E = =
4 18 g %
o B =] . . . . . :
20 40 60 80 100{20 40 60 80 100{20 40 60 80 100,20 40 60 80 100,20 40 60 80 100120 40 60 80 10
Stagel Stage2 Stage3 Stage4 StageS Stage6
ocm

Soil depth (cm)

A D3 Comd 3 ST Bos 5 (23355 Jolpo Jolise i1 pufilie dangliio VY JS5
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