Archive of SID.ir

Vol 14, No. 2, Summer 2024

University of Tehran Press

Journal of Water and Irrigation Management  online 1SsN: 2382-9931

Homepage: https://jwim.ut.ac.ir/

Investigating the effects of biochar on irrigation water use efficiency and
nitrogen use efficiency in Karla plant under water stress conditions

Halimeh Piri®

| Esmaiel Mir?

1. Corresponding Authro, Department of Water Engineering, Faculty of Water and Soil, University of Zabol, Zabol,
Iran. E-mail: H_piri2880@uoz.ac.ir
2. Department of Water Engineering, Faculty of Water and Soil, University of Zabol, Zabol, Iran. E-mail:

e_mir@yahoo.com

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received 1 January 2024

Received in revised form

9 March 2024

Accepted 5 April 2024

Published online 5 September 2024

Keywords:
Fruit sugar
Soil nitrogen
Soil salinity
Yield

In this research, the effect of biochar on the efficiency of irrigation water
consumption and the efficiency of nitrogen consumption at different levels of water
and nitrogen fertilizer for karla plant was investigated in Zahedan. The experiment
was carried out in the greenhouse conditions in a factorial manner and in the form
of a completely random design with three replications (planted in February 2018
and harvested in April 2019). The treatments include three irrigation water
treatments (11) 50, (12) 75 and 100 (I3) percent of irrigation water, four biochar
treatments (zero (B1), 1.25 (B2), 2.5 (B3) and 5 (B4) weight percentage of pot soil)
and three nitrogen fertilizer treatments (50 (N1), 75 (N2) and 100 (N3) percent of
plant fertilizer requirement). Water stress levels during the growing season were
measured by weighing the pots daily. Harvesting was done once a week. A total of
five harvests were done. The yield and efficiency of irrigation water consumption
and the efficiency of nitrogen consumption and soil salinity were calculated at the
end of the growing season in each treatment. Also, soil nitrogen and fruit sugar
were measured in each harvest. The results showed that the effects of irrigation
water and biochar levels on the measured parameters were significant at the
probability level of one and five percent. The highest amount of yield (15.5 tons
per hectare) was obtained from the treatment of 100% of the amount of irrigation
water, which was not significant with the treatment of 75% of irrigation water. The
use of biochar up to 2.5 percent by weight of the soil increased the yield. More use
of biochar (5% by weight of soil) decreased plant yield. The highest water
consumption efficiency (3.14 kg/m3) and nitrogen consumption efficiency (94.55
ka/kg) were obtained with the use of 75% nitrogen fertilizer (150 kg/ha) and 2.5%
by weight of biochar. The use of the appropriate amount of biochar reduced the
negative effects of moisture stress in comparison with the control. Therefore, it is
recommended to use it for the plant and especially in the conditions where the plant
is under drought stress or in greenhouses and storages in order to reduce the
amount of water consumed and improve the performance of the plant, although it is
suggested to test in The farm should also be completed.
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Table 1. Some physical and chemical characteristics of the soil of the research greenhouse and applied biochar

Soail EC Organiccarbon  Total Nitrogen Absorbed potassium Absorbed phosphorus
texture P (dsm?) (%) (%) (meq lit") (meq lit")
Soil Loamsand 826  0.58 0.08 0.01 0.64 0.52
Biochar - 75 6.4 46.5 26.8 89.9 9.8
Water - 7.92 0.84 - - 041 0.26
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Table 2. Analysis of variance of the effect of irrigation water, biochar and nitrogen on yield, IWUE, NUE, soil
nitrogen and fruit suger of Karela

Sources of variation df EC yield Soail nitrogen Fruit suger IWUE NUE
Irrigation water amount (A) 2 8.56" 24503.21" 148.7 0,012" 189.15™ 3157.46™
Biochar (B) 3 2142 23740.54" 98.4" 0,024" 101.24" 5627.67"
AXB 6 15.36" 3541.46" 126.4" 0,018" 67.51" 1459.34"
Nitrogen (N) 2 2347 14832.47" 164,8" 0,065" 227 2745.91"
AXN 4 18.56" 3168,37" 85.6" 0.16" 7453 1467.18"
BXN 6 10.23" 542.12" 486" 0.81" 27.85 1840.15"
AXBXN 12 17.28" 402.36" 35.4" 7.33" 16.78™ 1582.27"
Error 24 575" 413" 6.8" 58.72" 3.24™ 10.85™
CV (%) - 8.2 10.4 9.7 8.94 10.1 9.5

Note: * and ** are significant at the 5% and 1% probability levels, respectively
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Table 3. Mean comparison of the measured yield, IWUE, NUE, soil nitrogen and fruit suger of Karela

Treatments Yield (ton ha™) Soil nitrogen (%) Fruit suger (mg.gr™) IWUE (kg.m*) NUE (kg.kg™h)
I3 15.51a 3.16b 1.12c 2.13c 84.32a
I, 14.42ab 4.28a 1.24b 2.64a 78.41ab
Iy 8.45¢ 4.52a 1.35a 2.31b 56.78c
B4 10.74dc 5.12a 1.02d 1.47d 68.33cd
Bs; 16.34a 4.25b 1.15¢ 2.26a 94.58a
B, 15.12ab 3.11c 1.28b 2.08b 87.52ab
B: 11.31c 2.38d 1.37a 1.55¢c 75.58¢c
N3 15.35a 5.32a 1.16¢ 2.12a 76.53b
N2 12.82b 4.41b 1.22a 1.86b 85.33a
N1 9.43c 2.78c 1.41b 1.43c 84.12a

* Within columns and for each treatment, means with same letters are not different at significance level of 0.05

Table 4. Interaction effect of irrigation water amount and biochar levels on yield, IWUE, NUE, soil nitrogen and fruit
suger of Karela

Treatments Yield (ton ha™) Soil nitrogen (%) Fruit suger (mg.gr™?) IWUE (kg.m*) NUE (kg.kg™h
13B4 10.22f 3.61c 1.09 1.42i 71.36d
15B3 17.73a 3.42cd 1.06f 2.44cd 91.28a
138, 15.51b 3.07d 1.02g 2.13e 84.32ab
1381 12.65¢ 2.45f 1.01g 1.73g 76.57¢c
12B4 8.44g 4.86a 1.26b 1.54gh 74.33¢
1,B3 16.26a 4.06b 1.18c 2.97a 82.64b
1,B, 13.91e 3.15d 1.11d 2.55¢ 79.32bc
1,B1 10.84f 2.56ef 1.04f 1.98f 73.46¢cd
11B4 6.53h 5.03a 1.42a 1.79g 62.72e
1,B3 7.22gh 4.32ab 1.27b 1.98f 75.83c
1:B, 10.55f 3.65¢c 1.19¢ 2.89b 66.14e
1B 8.41g 2.64e 1.13d 2.31d 58.92f

* Within columns and for each treatment, means with same letters are not different at significance level of 0.05

Table 5. Interaction effect of irrigation water amount and Nitrogen levels on yield, IWUE, NUE, soil nitrogen and
fruit nitrogen of Karela

Treatments Yield (ton ha™) Soil nitrogen (%) Fruit suger (mg.gr™?) IWUE (kg.m*) NUE (kg.kg™h
13N 15.63a 4.23b 1.14d 2.13a 78.42b
13N, 12.34b 3.85¢c 1.16d 1.91b 81.54a
15Ny 9.51c 2.68d 1.21c 1.52¢ 86.23a
1,N3 14.26a 5.14a 1.27c 2.92a 74.65b
15N, 9.17c 4.56b 1.31bc 1.48c 83.14a
15N, 8.11d 3.87c 1.39% 1.21d 80.48a
11N3 6.54e 5.25a 1.45b 0.98e 68.72c
11N, 7.87d 4.36b 1.58a 1.16d 78.36b
11Ny 6.75e 3.92c 1.65a 0.99¢ 75.42b

* Within columns and for each treatment, means with same letters are not different at significance level of 0.05

Table 6. Interaction effect of Biochara amount and Nitrogen levels on on yield, IWUE, NUE, soil nitrogen and fruit
suger of Karela

Treatments Yield (ton ha™) Soil nitrogen (%) Fruit suger (mg.gr™?) IWUE (kg.m*) NUE (kg.kg™h
B4N3 7.81ef 5.26a 1.32c 2.05¢ef 69.52
B4N2 8.23e 4.85b 1.45b 2.01f 78.25b
B4N1 10.25d 3.42d 1.55a 2.31d 72.41c
B3N3 10.81d 5.05a 1.2d 2.33d 83.69ab
B3N2 16.83a 4.33b 1.26cd 3.14a 94.55a
B3N1 12.44c 3.52d 1.3c 2.51c 90.13a
B2N3 14.35b 4.25b 1.07ef 2.89b 80.14b
B2N2 12.16¢ 4.03c 1.13e 2.48c 86.74a
B2N1 10.11d 2.95e 1.18d 2.29d 83.79ab
B1N3 8.97e 3.45d 1.04g 2.15e 75.94c
B1N2 8.61e 3.26d 1.05gf 2.14e 79.58b
BIN1 8.45e 2.69e 1.07f 2.12e 78.69b

* Within columns and for each treatment, means with same letters are not different at significance level of 0.05
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Figurer 2. Interaction effect of irrigation water and nitrogen (a), irrigation water and biochar (b) and biochar and
nitrogen (c) on Soil EC
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