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Biochar-based fertilizers, customized to specific soil conditions, have piqued public attention to
enhance soil quality and carbon sequestration. The incorporation of biochar into agricultural fields
can become a primary factor in the preservation of soil productivity and fertility. However, there is
still no conclusive experimental evidence to support this claim. In this study, a split-plot
experiment was carried out according to a randomized complete block design (RCBD) using three
replications to evaluate the influence of irrigation and varied amounts of biochar-based fertilizer on
peanut plants' yield to determine the water use efficiency (WUE). The primary treatment with
different irrigation cycles and no irrigation, and the sub-treatment with biochar-based fertilizer of
50, 100, and 150 kg N ha™ and no fertilizer, were performed in Sulaymaniyah which is located in
the east of the Kurdistan Region of Irag. The results revealed that the seven-day irrigation cycle
produces the largest pods and seeds, with 4325 and 2435 kg ha™ yields, respectively. The 100 kg
ha™ biochar-based fertilizer yielded the highest output, with a pod yield of 3652 kg ha™* and a seed
yield of 1921 kg ha™. According to the results of the interaction between irrigation management
and biochar-based fertilizer, the irrigation treatment had a maximum seed yield of seven-day and
the fertilizer treatment had a maximum seed output of 100 kg N ha™ with an average of 3462 kg ha’
! The variance analysis results indicate that water use efficiency in irrigation management,
different levels of biochar-based fertilizer, and their combined effect on total biomass, seed, and

pods were significant.
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Introduction

Peanut or groundnut is a tropical and subtropical
plant that is an annual oil seed (Nadaf et al., 2020).
Apart from oil, peanut by-products contain a variety of
additional functional substances such as minerals,
vitamins, antioxidants, polyphenols, fibers, and proteins
that can be used as a nutritional supplement in various
processed meals (Dima et al., 2019; Hirpara et al.,
2019). The peanut, like beans and peas, belongs to the
legume family and is a popular food crop (da Silva et
al., 2018). This plant originated in South America,
specifically in the Gran Chaco region of Brazil. It was
then transported to western Africa and the eastern
portion of the continent, where it made its way into
India and Asia (Morales et al., 2019). Peanuts are often
grown in the highlands and rainfed environments, which
are negligible in terms of rainfall volume and dispersion
(Launio et al., 2018; Morales et al., 2019; De Santis et
al., 2021). Drought has been one of the limiting factors
in the cultivation of peanuts in the country in recent
years. Its impact on crop productivity has necessitated
specific water consumption and effective utilization
(Daudi et al., 2018; Abady et al., 2019). A higher
peanut yield could be achieved with the application of
fertilizers. Most farmers employ insufficient and
unevenly distributed mineral nutrients in traditional
agriculture, leading to low peanut output, particularly on
sandy soil (Zhang et al., 2020). As a result, adequate
nutrient management is critical for achieving maximum
quality and yield in vegetable oil seed crops (Zhao et al.,
2021). In light of the increased demand for healthy and
safe food and worries about environmental degradation
caused by the excessive use of agrochemicals, organic
farming has risen to prominence as a global issue
(Eyhorn et al., 2019).

Regarding food production, organic farming is
typically seen as a significantly more sustainable option
(Meemken and Qaim, 2018). Organic matter treatments

improved root growth and nutrient uptake, leading to
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increased yields, according to a study conducted on five
crops in Japan (Solaiman et al., 2010). Another
advantage of greater organic material utilization is that it
can reduce pollution produced by agro-industrial waste
(Montemurro et al., 2015; Mo et al., 2018).
Nevertheless, inappropriate usage of organic
fertilizers can lead to an accumulation in groundwater,
which can then be transferred to crops if they are
absorbed by the plant roots (Diaz-Vazquez et al., 2021).
Biochar, a type of carbon-rich biomass carbonization
material made of plant mineral residue, has gained
growing public and scientific attention in recent years
(Ozcimen and Ersoy-Merichoyu, 2010; Abdipour et al.,
2019; Khan et al., 2019; Seow et al., 2021). Biochar
also can enhance soil characteristics and agronomic
performance (Smider and Singh, 2014). In several
investigations, biochar administration has been shown to
affect soil attributes such as microbial activity, pH, and
water holding capacity (Van Zwieten et al., 2010;
Enders et al., 2012). Additional research has shown that
plants can absorb more nutrients after being treated with
biochar (Xiang et al., 2017; Gonzaga et al., 2019;
Sikder and Joardar, 2019). Several researchers, on the
other hand, found no substantial impacts of biochar on
biomass yield, plant nutrition, or soil characteristics
after biochar administration in the field (Jeffery et al.,
2011; Frank et al., 2014; Molajou et al., 2021;
Soleimanian et al., 2022). Until recently, most biochar
research has been done on pure biochar in tropical
regions, greenhouses, or labs (Mukherjee and Lal, 2013;
Zhang et al., 2016). Biochar experiments in the field
frequently yield results that differ from those in the lab.
Furthermore, the fluctuation due to varied site
conditions is significantly greater, but it is quite
realistic. As a result, tests in the field with relevant
agronomically fertilizer types are more representative of
real-world settings in terms of the reaction of the
agricultural

ecosystem with varying agricultural
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processing techniques, weather conditions, and soil
qualities. Therefore, in this study in a field experiment,
the impact of irrigation and biochar-based fertilizer on
yield in peanut plants, as well as the best irrigation and
biochar-based fertilizer in Sulaymaniyah, located in the

east of the Kurdistan Region of Iraq, is investigated.
Material and Methods

Located in the Kurdistan region, Sulaymaniyah is a
mountainous city. It is located at 35.53°N 45.45°E and
is 831 m above sea level (Murad and Salih, 2020). From
the north, it is surrounded by Qaiwan, Goizha, and
Azmar mountains; from the south, it is encircled by
Baranan (1373m); and from the east, it is enclosed by
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Shahrazur plain  (Abdulrahman et al.,, 2019).
Temperatures tend to be lower during the summer
months, and it receives more precipitation during the
winter than the other major population centers in the
country. Temperatures range between 0 to 39°C on
average. Snowfall is expected in the winter. It snows
once or twice a year. It accounts for 26% of the
country's total peanut production (Fig. 1) (Al-Hilfy and
Al-Salmani, 2019).

In terms of climate, this area falls under the category
of being one of the moderately temperate and humid
zones. Fig. 2 and Table 1 contain information on
climatic data and soil parameters at the test location,

respectively.

t

Peanut Production, MT (SPAM 2010)
J1-150
I 151 - 600
I > 600

Fig. 1. Map of Iraq showing area of Sulaymaniyah. It is responsible for 26% of Iraq's total peanut production.
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m August 388 241 6 0 93.5 70.1 3.1

mJuly 38.8 23.9 8 12.5 80.4 46 8.4

mJune 35 203 75 41.2 98 60.7 56

Fig. 2. Information regarding meteorological data.
Table 1. Soil properties of the test site.
Sl g Snd St cly o QlR - Organi Total Phosphorts  Potassium
0, 0, 0, 0, i 0,
Texture (cm) (%) (%) (%) (ds m) Carbon (%) Nitrogen (%) (mg kg'h) (mg kg'})

Salty clay 0-15 49 34 17 0.583 0.59 0.074 0.06 261
Salty clay 15-30 49 34 17 0.536 0.57 0.059 2.36 203

The split plots were examined in this study using a
randomized complete block design with three
replications on the ground. Each experimental unit was
6x2.5 meters and featured seven rows of plants. It was
decided to irrigate when the crop had used up a certain
percentage of the water that was available in the soil in
the root zone (at the point where available water was
depleted by 60%, irrigation was imposed). The main
treatment with irrigation cycles of 7, 14, and 21 days
and no irrigation were considered control. The sub-
treatment was biochar-based fertilizer of 50, 100, and
150 kg N ha™* and no fertilizer. Before sowing the seeds,
a total of 180 kg of triple superphosphate fertilizer was
distributed equally across the field based on the results
of the chemical decomposition of the soil. The irrigation
method used in this experiment was the type of surface
irrigation with atmospheric and ridge systems. The

distance between the two ridges was 85 c¢m, and the
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plants within the ridge were 35 cm apart. The irrigation
water given to each experimental unit was measured
using a water flow meter. The planted type of peanut
used in this investigation was a local cultivar of almond
with a planting date of June 10". The seeds were
disinfected with carboxin-thiram fungicide at a rate of
1.8 per thousand before sowing. The product was
harvested on September 25th. TDR TRIME-FM model
recorded the amount of soil moisture at depths of 0-15,
15-30, 30-45, and 45-60 cm during the growth phase,
indicating moisture changes in different soil layers
around the roots. To calculate seed and pod yield, pods
and ripe seeds were weighed on a precise laboratory
scale after two rows of plants were removed from the
sides.

At the flowering time, the leaf relative water content
(RWC) was measured in one step. The leaf was taken

from the plant and transported to the laboratory to
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evaluate the RWC before sunrise. The leaf fresh weight
(FW) was instantly measured after the sample was sent
to the laboratory. After that, the sample was placed in a
flask filled with distilled water to absorb water and
reach full swelling. The lid of the container was covered
with aluminum foil to prevent water vapor from
escaping. The container holding the sample was kept in
the dark for 6.5 hours at a temperature of approximately
6°C to prevent inhalation. After the time had passed, the
leaf was removed from the container, and its surface
water was weighed using a dry paper towel. The
resultant weight is referred to as the turgid weight (TW).
Afterward, the leaf was placed in an envelope and dried
for 72 hours at 75°C. Weighing the leaf sample after this
period was used to determine the leaf's dry weight
(DW). Having the leaf weight in the field (FW), the
turgid weight (TW), and leaf dry weight (DW), the
relative leaf water content (RWC) was calculated (Omae
et al., 2005). After removing two rows of crops from
both sides, 12 plants were randomly picked to determine

the quantity of total biomass in each plot. Then the pods,
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leaves, and stems were placed in the oven at 75°C for 48
hours. The samples were weighed using a one percent
scale after drying. From the total weight of dry pods
(along with seeds), dry stem weight, and dry leaf
weight, total biomass weight in grams was obtained
(Hooshmand et al., 2019), then converted to kilograms
per hectare. To calculate the weight of 100 seeds in each
plot, 200 g of dried pods were chosen as a sample, pods
were separated from them, and 100 seeds were chosen
randomly and weighed on a one-hundredth scale in
grams (El-Habbasha et al., 2014). The harvest index
value in each plot was calculated by dividing the total
weight of dry grain by total biomass (Djaman et al.,
2013). Irrigation and rainwater were used to provide the
amount of water consumed throughout the plant growth
phase. Table 2 shows the amount of water utilized in
each management and the number of irrigations.
MSTATC and Excel software was used to analyze the
data and compare the means of the measured parameters
(Duncan test at 5% level).

Table 2. The total number of irrigation shifts as well as the total volume of water used for each irrigation management system.

Irrigation management

Number of irrigations

Water consumption (mm)

No irrigation
7
14
21

10

250
341
325
280

Results

Irrigation management and biochar-based fertilizer
and their interaction with seed yield were significant at a
1% probability level (Fig. 3 and Table 3). The effect of
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irrigation management and biochar-based fertilizer
and their combined effect on pod yield were significant
at a 1% probability level.
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Fig. 3. Analysis of variance of measured parameters in irrigation management conditions and biochar-based fertilizer (mean squares), (a) total biomass,
pod, and seed performance, (b) WUE of seed, pod, and biomass, (c) weight of 100 seeds and RWC, (d) coefficient of variation.
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Table 3. Analysis of variance of measured parameters in irrigation management conditions and biochar-based fertilizer.

(d)
Fig. 3. Continued.

3500

Mean Squares

Sources of df
change Seed Pod Total Weight of Harvest RWC Biomass Pod Seed
performance performance biomass hundred seeds index WUE WUE WUE
Block 2 61504878 aesiiz.ae OO 483.48 000102 40086 17442 0459 007752
. 50812232
Irrigation 3 4091687.16 5225611.98 28 3033.48 0.00408 1725.84 1.34028 0.26112  0.14178
. 696173.4
Main error 6 30421.5 45121.74 6 17.7072 0.00102 360.3252 0.00816 0.01632  0.00204
Blocha_r_—baSEd 3 440361.54 386633.04 1485943, 480.828 0.00204 39.3312 0.05406 0.0255 0.03774
fertilizer 14
. 3548444,
Interaction 9 562723.8 1126210.56 34 144.1566 0.0051 65.4534 0.57222 0.14076  0.05814
Sub-error 24 14715.54 46581.36 227363.1 1.33212 0.000102 34.8738 0.00306 0.00816  0.00204
Coefficient of variation 7.8642 6.936 7.038 2.8356 6.0486  7.5072 6171 7701  7.7826

(%)
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The amount of total biomass in the 7-day irrigation
treatment with the value of 1036.12 kilograms per
hectare was superior to other treatments. The amount of
100 kilograms of biochar-based fertilizer per hectare

Journal of Nuts 13(4) (2022) 289-300

with an average of 7476.60 kilograms per hectare was
the highest and the treatment without fertilizer with an
average of 6654.48 kilograms per hectare had the lowest
amount of total biomass (Table 4).

Table 4. Comparison of the simple mean of the measured parameters in irrigation management conditions and biochar-based fertilizer.

Treatments Total bioTass Weight of hundred I-!arvest RWC Biomass \_/3VUE Pod W_L31E Seed Wl3JE
(kg ha™) seeds (g) index (%) (kg m™) (kg m™) (kg m™)
Irrigation
No irrigation 6123.96 24.07 0.20 77.52 231 1.33 0.49
7-day 1036.12 61.51 0.24 97.92 3.01 1.26 0.73
14-day 8632.10 47.02 0.21 71.40 2.45 1.02 0.51
21-day 7631.23 35.09 0.23 75.48 4.35 1.07 0.54
Biochar-based
fertilizer
No fertilizer 6654.48 34.27 0.21 81.60 243 1.12 0.52
50 fertilizer per ha 6972.72 39.37 0.23 78.54 2.52 1.18 0.59
100 fertilizer per ha 7476.60 48.45 0.24 82.62 2.59 1.23 0.64
150 fertilizer per ha 6818.70 45.70 0.21 79.56 2.54 1.15 0.52

When compared to non-irrigation treatments of 14
and 21 days, the 7-day irrigation treatment had the
largest seed output (Fig. 4a). Irrigation management for

SEED PERFORMANCE (KG/HA)

B No irregation M7days m14days m21days

@)

seven days with 4325 kg ha™ had maximum vyield
(Fig. 4b).

POD PERFORMANCE (KG/HA)

HNoirregation m7days M14days m21days

(b)

Fig. 4. Seed yield (a) and pod yield (b) in irrigation management.

The amount of fertilizer application of 100 kg N ha™
compared to treatments without fertilizer, 50 and 150 kg

N ha*, was associated with increased output (Fig. 5a).
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The interaction impact of irrigation management and
biochar-based fertilizer revealed that the irrigation
treatment had a maximum seed yield of 7 days and the
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fertilizer treatment had a maximum seed production of
100 kg N ha™ with an average of 3462 kg ha™. Biochar-
based fertilizer values also showed that fertilizer

SEED PERFORMANCE (KG/HA)

W No fertilizer W50 m100 m150

Journal of Nuts 13(4) (2022) 289-300

treatment of 100 kg N ha™ had the highest yield of pods
with 3652 kg ha™ (Fig. 5b).

POD PERFORMANCE (KG/HA)

M No fertilizer W50 m100 m150

(@

(b)

Fig. 5. Seed yield (a) and pod yield (b) at biochar-based fertilizer levels.

Discussion

The effect of irrigation management and biochar-
based fertilizer and their interaction showed that the
amount of total biomass was significant at a probability
level of 1%. Different levels of irrigation management
and biochar-based fertilizer interaction indicate the
significance of the harvest index at the 5% probability
level for irrigation management and the 1% probability
level for biochar-based fertilizer management and their

interaction.
Conclusions

The variance analysis results indicate that water use
efficiency in irrigation management, different levels of
biochar-based fertilizer, and their combined effect on
total biomass, seed, and pods were significant. The
effect of irrigation management on the relative water
content of the leaves was significant at a probability
level of 5%. At the same time, there was no significant
difference between different levels of biochar-based
fertilizer and the interaction between irrigation and
biochar-based fertilizer. The results of the present study
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showed that irrigation and biochar-based fertilizer
affected the total biomass traits, 100-seed weight and
harvest index in peanuts, and the yield of seed and grain
in irrigation management from rainfed conditions
(without irrigation) to irrigation with a seven-day cycle
leading to maximum vyield of seed and pod. Biochar-
based fertilizer application at 100 kg ha™ had the highest
yield of seed and pod. The highest efficiency of seed
and pod WUE was observed in irrigation for seven days
and fertilizer amount of 100 kg N ha™. According to the
research results, irrigation management for seven days
and the amount of biochar-based fertilizer of 100 kg per
hectare can be suggested as irrigation management and
biochar-based fertilizer in peanut plants for the region's

conditions.
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