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Extended Abstract

Introduction

Agriculture plays a crucial role in fulfilling human needs, but it is also the world's largest consumer of freshwater.
This has a significant impact on water resources worldwide, particularly in arid and semi-arid regions. With the
growing global population, agricultural production must be increased to meet demand. This has led researchers to
explore various methods, including deficit irrigation techniques, soil nutrient enhancement, and water retention
agents, to improve crop performance and productivity. Numerous studies have investigated these methods to
enhance crop performance and reduce water consumption. Previous research has also highlighted the potential
benefits of biochar application at a 2% level to improve plant performance. This study aimed to evaluate the effects
of continuous deficit irrigation (CDI) along with the use of compost as a soil nutrient enhancer and biochar as a
water retention agent on the performance, growth, and productivity of bell pepper plants. The study examined the
effects of these treatments individually and in combination, as well as the combined effects of biochar and
sugarcane bagasse compost at 1.5%, 2%, and 2.5% weight levels and their interactions with CDI on water savings
and performance improvement of bell pepper plants in a sandy soil.

Materials and Methods

To investigate the research objectives, during 2023, in the research greenhouse of Tarbiat Modares University, a
factorial experimental design was implemented in the form of a randomized complete block design with three
factors and a total of 48 treatments in four blocks with a total of 192 pots. The first factor included three levels of
irrigation: 100% (D100), 75% (D75), and 65% (D65) of the plant's water needs. The second factor was sugarcane
bagasse biochar with four levels: 0% by weight (B0), 1.5% by weight (B1.5), 2% by weight (B2), and 2.5% by
weight (B2.5). The third factor is sugarcane bagasse compost with four levels: 0% by weight (C0), 1.5% by weight
(C1.5), 2% by weight (C2), and 2.5% by weight (C2.5). In this research, plant growth rate and plant diameter were
investigated, and fruit characteristics such as fruit drop, fruit length, fruit flesh thickness, and fruit fresh weight
were investigated. In order to evaluate the functional characteristics of the plant, the number of fruits per plant and
the total weight of the fruit per plant, as well as the productivity using the ratio of the total weight of the fruit
produced per plant to the volume of water used in each pot, were investigated. The watering of bell pepper plants
was done in this way. During the 3-day watering cycle, the amount of water used in each pot was calculated and
added to the pot, and this cycle continued until the end of pepper cultivation.

Results and Discussion

The results showed that the application of biochar and compost at all levels, along with full irrigation, had a positive
and significant effect on the physical characteristics of the fruit (diameter, length, flesh thickness, and fresh weight)
compared to the control treatment. The lowest value for fruit characteristics was observed in the control group,
with 65% plant water requirement. The results for the plant characteristics showed that C2B2.5, C2.5B2, and
C2.5B2.5 treatments showed a significant difference in plant height compared to the control treatment. C2.5B2
and C2.5B2.5 treatments also showed the greatest increase in stem diameter and had a significant difference
compared to other treatments. Also, the results for the number of fruits per plant and yield showed that the C2.5B2
treatment had a significant difference compared to other treatments. It caused a 156% increase in plant yield
compared to the control treatment. The lowest number of fruits and plant yield was observed in the control
treatment. In addition, the C2.5B2 treatment achieved an average productivity of 39.3 kg/m3, which was
significantly higher than the other treatments, representing a 139% increase over the control. The control treatment
had the lowest productivity with an average productivity of 16.43 kg/m?, which was significantly lower than the
other treatments. The results of the variance analysis related to fruit characteristics showed that the triple effect of
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biochar, compost, and deficit irrigation was significant at the 1% level, but the triple effect of biochar, compost,
and deficit irrigation on plant characteristics and functional characteristics, and productivity was not significant.

Conclusion

The present study demonstrated that the combined application of biochar and compost in bell pepper cultivation
offers substantial advantages. This innovative approach not only significantly enhances crop yield but also
improves productivity by optimizing water use. Applying 2% biochar and 2.5% compost to bell pepper plants,
along with continuous irrigation up to 75% of the plant's water requirement, can yield promising results for sandy
soils. These findings are particularly crucial for arid and semi-arid regions facing water scarcity. In a world facing
water shortages, this method can contribute to water conservation and sustainable agricultural development.
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Table 1- Chemical properties of biochar, soil, and compost used

Property Unit Soil Compost Biochar

Carbon % 0.46 17.4 56.9

Nitrogen % 0.063 0.9 347
Organic matter % 0.46 30 -
Electrical conductivity EC dS/m 2.55 1.53 -
pH - 8.44 7.27 -

Carbon to nitrogen ratio (C/N) - 7.30 19.33 16.40
Bulk density g/cm? 1.49 -

Soil texture

Sandy (95% Sand, 2% Silt, 3% Clay),
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Table 2- Analysis of variance (mean square) of the effect of Deficit irrigation, biochar, and compost on fruit characteristics, plant
characteristics, yield, and productivity

Mean Square (MS)

Source of Variation df Fruit Fruit Flesh Fruit Yield Water Plant Stem
Diameter Length Thickness Weight Number Productivity Height Diameter
Block 3 0.12" 0.06™ 0.07™ 392.60%  5.05™ 3873.95™ 6406.54" 9.16™
Irrigation 2 796.13"" 404.17" 20.07" 1008.64"  283.32" 528" 452.05™ 573.75™ 109.21°
Compost 3 40.53" 3.05™ 6.48" 500.99" 20693  3.57" 1200.55™ 429.53" 23.05™
IrrigationxCompost 6 8.79™ 1.40™ 0.11™ 7.58" 0.13" 26.36™ 0.94" 0.04"
Biochar 3 43.59" 10.19™ 3.18" 571.99" 208.01"  3.63™ 1142.03™ 209.41" 11.69™
IrrigationxBiochar 6 0.97" 1.24™ 0.05™ 3.85" 0.07" 8.39™ 0.87" 0.05™
CompostxBiochar 9 20.91" 2.00" 0.10” 34.76™ 10.35™ 0.15" 54.54™ 32.64™ 0.48"
Irrigation xCompost ¢ 5 gge 0.49" 0.03" Loo™  0.01® 7.43m 0.23m 0.03
xBiochar
Error 141 0.8 0.06 0.001 1.53 0.02 10.05 1.71 0.08
Cocfficient of 0 0.43 0.32 0.32 9.58 10.27 11.55 0.97 1.97

Variation (CV%)
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Figure 1- Diameter (a, b, and c) and length (d, e, and f) of bell pepper fruit in different regimes of irrigation, biochar, and compost
(a, and d - 100% irrigation, b and e - 75% irrigation, ¢ and f) - Irrigation 65%)
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Figure 2- Weight (d, e, and f) and flesh thickness (a, b and c) of bell pepper fruit in different regimes of irrigation, biochar, and
compost (a and d - 100% irrigation, b and e - 75% irrigation, ¢ and f- Irrigation 65%)
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Figure 3- Biochar-compost interaction effect on plant height (b) and diameter (a)
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Figure 4- The interaction effect of biochar-compost on
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