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Introduction

Sesame (Sesamum indicum L.) is a key oilseed crop, prized for its high-quality oil and protein content,
making it vital to both agriculture and the economy. As global population growth drives up demand for
vegetable oils, sesame production has become increasingly significant in Iran and worldwide. However, the
heavy reliance on chemical fertilizers to enhance yields has caused environmental challenges, including soil
degradation, reduced fertility, and water pollution. Biochar, a stable organic material produced by the thermal
decomposition of plant biomass, offers a sustainable alternative by improving the soil’s physical and chemical
properties, enhancing water retention, and reducing nutrient loss. Combining biochar with chemical fertilizers
can decrease dependency on chemical inputs while boosting crop performance, supporting sustainable farming
practices. This study evaluated the effects of integrated biochar and chemical fertilizer application on sesame’s
morphophysiological and agronomic traits, aiming to develop a practical strategy for improving its productivity.

Materials and Methods

This study was conducted during the 2020-2021 cropping season as a factorial experiment in a randomized
complete block design with three replications in a field located in Aliabad-e Katul, Golestan Province, Iran. The
experiment evaluated five biochar levels (0, 2, 4, 8, and 10 by weight, denoted as Bo, Bz, Bs, Bs and Big) and
three chemical fertilizer levels (0, 50%, and 100% of crop requirement, denoted as Fo, Fsow, and Fioow). Soil
samples from a 0-30 cm depth were analyzed for physicochemical properties before land preparation, which
involved ploughing, disking, and levelling. Nitrogen, phosphorus, and potassium fertilizers were applied based
on soil test results, with urea, triple superphosphate, and potassium sulfate as sources. The cultivar Oltan was
planted manually on June 15, 2020, in 4x5 m plots. Irrigation occurred weekly, and weed, pest, and disease
control were maintained. Harvesting took place on October 12, 2020, with traits such as plant height, number of
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lateral branches, number of capsules per plant, number of seeds per capsule, 1000-seed weight, seed yield,
biological yield, harvest index, Oil percentage, Qil yield and chlorophyll content (a, b, and total) measured.
Chlorophyll was quantified using spectrophotometry at 663, 646, and 470 nm wavelengths.

Results and Discussion

The results indicated that all examined traits were significantly influenced by the main effects of biochar and
chemical fertilizer. The interaction effect was significant only for the number of capsules per plant. The highest
plant height (102.57 cm), number of lateral branches (4.03), number of capsules per plant (54.11), thousand seed
weight (2.97 g), seed yield (1267.4 kg.ha™), biological yield (5418.3 kg.ha™), harvest index (22.03%), Qil yield
(625.22 kg.ha*) and chlorophyll a (1.62 mg.g™ fresh weight) were obtained from the treatment with Bg biochar
and Fio0% chemical fertilizer. The highest number of seeds per capsule (70.59) was recorded in the B1o biochar
treatment. The highest levels of chlorophyll b and total chlorophyll were observed in the B4 biochar treatment,
with 1.15 and 2.75 mg.g* fresh weight, respectively. The control treatment recorded the highest oil percentage of
52.82%. Biochar improved soil water and nutrient retention and enhanced the uptake of nutrients such as
nitrogen and magnesium, while chemical fertilizers provided direct access to nutrients and promoted growth.
These results are consistent with previous research that emphasizes biochar’s role in increasing crop yield and
quality. The synergy between biochar’s soil-improving effects (such as increased cation exchange capacity) and
the nutrient supply from chemical fertilizers significantly enhanced sesame performance. Since the highest seed

yield was obtained at the highest fertilizer level used, further research is recommended to determine the optimal
fertilizer level.

Conclusion

The use of biochar and chemical fertilizers markedly enhanced sesame’s morphophysiological and
agronomic responses. Biochar improved soil conditions and minimized nutrient leaching, while chemical
fertilizers supplied essential nutrients, resulting in higher seed yields and better growth metrics. This approach
demonstrates potential for reducing chemical fertilizer use and advancing sustainable agriculture. Future studies
should explore optimal application rates and long-term impacts.
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1- Least Significant Difference Test
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Table 2- Analysis of variance (mean of squares) of plant height, number of branches per plant, number of capsules per plant
and number of seeds per capsule of sesame under biochar and chemical fertilizer

S golio o3l da s g g5 | Qg 4> ad L dlaas Agr 1D JogmuS dlaxs JgmnsS 4> &l dlaxs
SOV df Plant heiaht Number of branches per Number Number of seeds in
T g plant Capsule capsule
Sk 2 8.34 0.017 26.47 0.48
Block
_)l?” 4 186.05 == 2.61* 909.94 == 27.44™"
Biochar
> 2 645.15° 1077+ 3750.46 ** 138.94
Fertilizer
X s 8 30.66 "™ 0.606 " 7118 * 5.70m
FxB
(ks 28 32.93 0.347 4.32 7.05
Error
CV Sl o - 5.79 1655 5.01 3.90

(%)

deoyd g 5 S5 Jlein ] g (3 I dme g 45 dme glas pas gy FFF S

") **and *: non significant, significant at 1 and 5% level of probability, respectively
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Table 3- Mean comparison of plant height, number of branches per plant and number of seeds per capsule of sesame
under biochar and chemical fertilizer

Joss o :r‘:)' g 3 3L olaws S 2 45 a5
Treatment hei Number of branches per plant Number of seeds in capsule
eight (cm)

Bo 91.37 2.74 65.77
B2 101.70 3.29 67.40
ooz B4 101 3.85 68.07
Biochar levels Bs 102.57 4.03 68.44
Bio 98.37 3.88 70.59
LSD 5% 5.54 0.53 2.56
Fo 92.75 2.62 65.24
&5 g Fso 98.42 3.80 67.64
Frtilizer levels Fio0% 105.83 4.26 71.28
LSD 5% 4.29 0.44 1.98
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Bo: Control (no biochar application), B2: 2% (w/w), Ba: 4% (w/w) biochar, Bg: 8% (w/w) biochar, and B1o: 10% (ww) biochar
04 Ao gl oland D95 Moy Vo :F100% 5 00 doogl (oliosd 355 o yd O+ :Fso% {2lonss 365 G puas pic) dalis Fo
, F50%: 50% Recommended chemical fertilizer, and Fioo%: 100% Recommended chemical fertilizer) Fo: Control (no chemical fertilizer
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Fig. 1- Interaction effect of different levels of biochar and chemical fertilizer on the number of capsules per plant
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Bo: Control (no biochar application), B2: 2% (w/w), Ba: 4% (w/w) biochar, Bg: 8% (w/w) biochar, and B1o: 10% (ww) biochar
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, Fs0%: 50% Recommended chemical fertilizer, and F1o0%: 100% Recommended chemical) Fo: Control (no chemical fertilizer
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Table 4- Analysis of variance (mean of squares) of 1000-seed weight, biological yield, seed yield and harvest index of
sesame under biochar and chemical fertilizer

ot 2abie &3l 4y &5 I 539 S50 gm 3 ySdos 4ils 3 ySlos Cuild o e W
S.0vV df 1000-seed weight Biological yield Seed yield Harvest index
e 2 0.0067 576991.38 54459.12 78.05
Block
l> XY TS ETY
S 4 0.619 7425439.55% 761837.23 63.52
Biochar
’?5_ 2 0.329™ 36211783.92** 3080584.71"" 221.75™
Fertilizer
355 X ylagn
. B 8 0.0029 " 540536.83 "™ 85889.80 ™ 9.04m
X
a3
28 0.0032 404687.8 41663.43 14.04
Error
Sl e - 2.14 14.82 23.44 19.74
CV (%)
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ns,** and *: non significant, significant at 1 and 5% level of probability, respectively
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Table 5- Mean comparison of 1000-seed weight, biological yield, seed yield and harvest index of sesame under biochar
and chemical fertilizer

Jow 153 o9 SS5909m 2,Sdos &l 3, Shos Cild g et b
Treatr;went 1000-seed weight (g) Biological yield Seed yield Harvest index
o (kg-ha) (kg.ha) (%)
Bo 2.30 2884.5 452.96 14.90
B2 2.52 4353.5 814.43 18.18
o zokaw B4 2.84 4508.5 926.61 19.87
Biochar levels Bs 398 5‘2%32 182967:’3%0 zggg
Bio N 4290. 1. 19.
LSD 5% 0.055 614.29 197.1 3.61
Fo 251 29154 435.40 14.66
6355 zokaw Fsov 2.69 3981.4 836.39 20.22
Ertilizer levels Fo0% 2.80 5976.3 1339.83 22.04
LSD 5% 0.042 475.82 152.67 2.80

Jesn Big 2o Ve :B1o g slesn S35 100 A B olege 39 10 ¥ Ba lose 55 100 Y B2 (s pas pac) ali :Bo
Bo: Control (no biochar application), B2: 2% (w/w), Ba: 4% (w/w) biochar, Bg: 8% (w/w) biochar, and B1o: 10% (ww) biochar
0l Aoyl oland 355 Moy Vo :‘F100% 5 005 duogd (olond 355 o yd O+ :Fs0% {olowds 355 B o pis) dalis Fo

, F50%: 50% Recommended chemical fertilizer, and Fioo%: 100% Recommended chemical fertilizer) Fo: Control (no chemical fertilizer
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Table 6- Analysis of variance (mean of squares) of oil percentage, oil yield, Chlorophyll a, Chlorophyll b and Total
Chlorophyll of sesame under biochar and chemical fertilizer

- ayd R , . . .
Bl @Luo R OF9) 0y o9y D)SJuo& aChIorophyIIJ.:s,,.lS b J.:s,,.ls JS‘J.:39)15
SYOAY) ddf) Oil percentage Oil yield a Chlorophyll b Total chlorophyll
Sk 2 0.322 15239.10 0.0013 0.0005 0.0035
Block
l> ek Hok ok kk Kk
Iwo 4 15.95 169931.18 0.307 0.155 0.854
Biochar
’?g_ 2 1.70 ™ 765483.29 ™" 0.258 ™ 0.234™ 0.964 ™
Fertilizer
X s
D;F )E‘;% 8 0.399 " 18988.43 ™ 0.028 " 0.0008 " 0.026 M
X
ks 28 0.227 1059.75 0.017 0.0005 0.019
Error
CV el b - 0.93 2341 9.01 2.46 5.71

(%)

* k% ‘HS

oy g 5 S Jlosn ] paw )3 I ize g )b xe GoldS pas g
" **and *: non significant, significant at 1 and 5% level of probability, respectively
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Table 7- Mean comparison of oil percentage, oil yield, chlorophyll a, chlorophyll b and total chlorophyll of sesame under
biochar and chemical fertilizer

s OFgy M Egy 2 8es a Judg ks b Judg i JS Jdg s
T . Oil percent Oil yield Chlorophyll a Chlorophyll b Total Chlorophyll
reatment 1 1 1 1

(%) (kg.ha™) (mg.g™ FW) (mg.g™ FW) (mg.g™ FW)
Bo 52.82 239.39 1.20 0.84 2.04
B2 51.61 420.05 1.34 0.86 2.20
Jow Zolaw B4 49.91 460.21 1.60 1.15 2.75
Biochar levels Bs 49,51 625.22 1.62 1.07 2.69
B1o 50.92 452.93 1.54 0.97 2.51
LSD 5% 0.46 99.38 0.12 0.023 0.13
Fo 51.32 222.45 1.32 0.86 2.18
&35 zolow Fs0% 50.90 422.91 1.49 0.96 2.46
Frtilizer levels F1009% 50.65 673.336 1.57 1.11 2.68
LSD 5% 0.356 38.49 0.098 0.018 0.104

Jeom (Sig 2o Ve :B10 g slgn Sig 20 A B lase S5 10,0 ¥ Ba Glge iy 10 Y B2 (Jlage Bpae pic) aals Bo
Bo: Control (no biochar application), B2: 2% (w/w), Ba: 4% (w/w) biochar, Bg: 8% (w/w) biochar, and B1o: 10% (ww) biochar
0l Aoyl oland 355 duoyd Vet :‘F1009% 5 005 duogd (olosd 355 Lo yd B+ :Fs0% (oo lowss 355 B puno pas) sl Fo

, F50%: 50% Recommended chemical fertilizer, and Fioo%: 100% Recommended chemical fertilizer) Fo: Control (no chemical fertilizer
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