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Abstract

Introduction: A decline in soil organic matter is a key facet of soil degradation, leading to the loss
of soil fertility and the capacity to produce crops. The intensive use of synthetic inorganic inputs,
such as chemical fertilizers, has resulted in soil organic matter depletion, groundwater
contamination and reduced production quality in arid and semi-arid soils. Therefore, sustainable
techniques, such as organic fertilizers and natural inputs, are becoming increasingly important to
enhance soil organic matter and plant yield in sustainable agricultural systems. The use of organic
fertilizers and soil amendment like biochar and wood vinegar can significantly improve soil organic
matter. Increasing of using biochar in lands to prevent stems from the worsening condition of
agricultural soils and the depletion of water resources. Additionally, biochar has attracted
researchers’ interest mainly due to its long-term soil carbon sequestration potential, role in
greenhouse gas mitigation, and ability to improve soil fertility. Biochar and wood vinegar can be
made from various biomass materials/residues such as wood waste, crop and refinery residues,
animal manures, and municipal wastes. Biofertilizers also play a vital role in sustainable agriculture
systems. Mycorrhiza is one of the parts important biofertilizers. Mycorrhizal associations help
plants obtain water and nutrients in dry and nutrient-poor conditions by increasing the root surface
area for water and nutrient uptake. Castor bean (Ricinus commonis L.) is a valuable annual herb
belonging to the Euphorbiaceae family. It is an important oilseed crop widely used in industry and
medicine today. Numerous studies have underlined the beneficial effects of organic fertilizers on
soil fertility and crop yield. However, no study has evaluated the impact of organic fertilizer,
biochar, wood vinegar, and mycorrhizal on Ricinus commonis L. This research was aim to study
the main effects and interactions of these treatments on the quantitative and qualitative traits of
Ricinus commonis L.

Materials and Methods: The field experiment was conducted at the Research Field at the
University of Kurdistan (35° 19' N, 47° 18' E) during 2022 growing season. The research was
designed as a factorial experiment using a randomized complete block design with three
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replications. Treatment included five fertilizer types: control, organic fertilizer (800 kg hal),
biochar (3000 kg ha*), wood vinegar (90 kg ha') and chemical fertilizer (urea 200 kg ha*, and TSP
100 kg ha). Additionally, two mycorrhiza levels (Rhizophagus irregularis) were tested: no-
inoculation and inoculation. Each experimental plot consisted of six rows, each 6 meters long and
spaced 75 cm apart. The seeds were sown on 10 May 2020. Agronomic traits such as plant height,
number of capsules per plant, and 1000-seed weight were randomly measured from five plants at
full maturity in each plot. In the center rows of each plot, 2.25 m? of area was harvested at the end
of each growing season to evaluate biological and seed yield. Other studied traits included harvest
index, seed oil content, seed oil yield, and the nitrogen, phosphorous, and potassium concentration
of the seeds.

Results and Discussion: The results showed that the effect of mycorrhiza inoculation on the plant
height, capsules number per plant, seed number per plant, and 1000-seed weight was significant.
Furthermore, the fertilizer impact on the mentioned traits except of 1000-seed weight was
significant. Organic fertilizer, biochar, wood vinegar, and chemical fertilizer significantly
increased the capsules number per plant. The highest number of capsules per plant and seed number
per plant belonged to the organic fertilizer. Mycorrhiza inoculation enhanced the seed humber per
plant and 1000-seed weight by 16% and 23% compared to control, respectively. the interaction
effects of different fertilizers and mycorrhiza inoculation improved the quantitative and qualitative
traits of castor bean. The highest biological yield (3650.2 g/m?), seed oil content (50.5 %), and oil
yield (588.3 g/m?) were observed in the integrated treatment of organic fertilizer and mycorrhiza
inoculation. This treatment increased seed and biological yield by 36.5% and 24% compared to
control, respectively. Mycorrhiza can enhance plant growth and yield by increasing the supply of
phosphorus to the host plant. Mycorrhizal plants can absorb several times more phosphate from
the soil or solution than non-mycorrhizal plants. Organic fertilizer and biochar positively affected
the morphological characteristics. Biochar improves soil properties under drought conditions and
cause reduces water consumption. Compared to other amendment materials, biochar has the
benefit of a large surface area and pore spaces in the structure, allowing it to absorb and retain
water. The highest seed nitrogen and potassium content was observed in the organic fertilizer
treatment. Organic fertilizers may promote root development by retaining more water and nutrients
in the soil, secreting more plant hormones, and increasing the amount of inorganic material such
as nitrogen, phosphorus, and potassium that plants can absorb.

Conclusion: Therefore, it can be said that the integrated application of organic and biofertilizers
not only improve the quantitative and qualitative traits of Ricinus commonis L. but also could be a
key strategy in sustainable agricultural systems by reducing the consumption of chemical
fertilizers.

Keywords: Biochar, Chemical fertilizer, Mycorrhiza, QOil yield, Sustainable agriculture, Wood
vinegar
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Table (1) The physical and chemical properties of the experimental soil

- Z. ey T o) i RETICH STesls Colda pH sl
Copper  Manganese Zinc Iron Potassium  Phosphorus  Nitrogen ~ Organic EC K SU texture
mg kg* mg kg* mgkg* mgkg®  mgkg? (%) (%) matter 1
(%) dSm
1.6 8.2 2.1 5.3 540 4.6 0.08 0.7 0.7 8.01 Loamy
S lo3T (2l 58 colitel 3590 g 45 pw § JT 395 slrgm (2besd § (3 S ST 39 (V) J3u
Table (2) The physical and chemical properties of the biochar, organic fertilizer, and wood vinegar used in this experiment
s b = o AT S5 e = 358 T 0385 oS bassS°
Co Se Mn Cu Fe Zn Mg Ca s K p N c PH Fertilizers
mgkg? mgkg? mgkg! mgkg! mgkg! mgkg! mgkg?! mgkg? % % % % %
27.86 1263 73.4 317.1 4.26 - 0.17 0.14 0.79 48.06 8.20 Sl s
Biochar
0.95 0.22 0.81 0.75 - - 8.12 357 132 401 2411 541 s
Organic
fertilizer
0.3 0.01 6 15 8125 8 34.68 23.1 0.03 0.1 0.1 2.76 9.86 3.27 s S
Wood

vinegar
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Table (3) Variance analysis of the effect of mycorrhiza and fertilizer effect on the morphological traits of

castor bean

Mean of Squares Ol yo Sl

D05 G g ys dls sl @ g 33 JgenS Sldas 35T 4>y Ol ks ct.a
&ls Sy
1000 Plant df Source of variation
grain weight ~ Grains number  capsules number height
per capsule per plant
1648.28™ 15.63™ 4,80 19.36" 2 (Replication) , S
13271.19™ 1273.63™ 224.13™ 628.83™ 1 (Mycorrhiza (M))1,, 55.e
1086.38™ 576.96" 523.58™ 115.34” 4 (Fertilization (F)) sass,8
1237.32™ 115.63™ 1.71ns 87.89™ 4 ExM
1468.45 90.44 3.39 16.16 18 (Error) s
18.78 7.06 2.52 12.15 (CV.) Ol s s

NP NP ST dl&:}‘cﬁ»‘)) BIEYELY R YL

**

** and ™ show statistical significance at the P< 0.01 levels and non-significance, respectively.
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Figure (1) Mean comparison of the interaction effect of mycorrhiza and fertilizer on the plant height

of castor bean
The columns with same letters have no statistically significant difference.
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Figure (2) Mean comparison of the fertilizer (A) and mycorrhiza (B) effect on the capsule

number per plant of castor bean
The columns with same letters have no statistically significant difference.
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Figure (3) Mean comparison of the fertilizer (A) and mycorrhiza (B) effect on the grain number

per plant of castor bean

The columns with same letters have no statistically significant difference.
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Figure (4) Mean comparison of the mycorrhiza effect on the 1000 grain number weight of castor bean
The columns with same letters have no statistically significant difference.
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Figure (5) Mean comparison of the interaction effect of mycorrhiza and fertilizer on the grain

yield of castor bean
The columns with same letters have no statistically significant difference.
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Figure (6) Mean comparison of the interaction effect of mycorrhiza and fertilizer on the

biological yield of castor bean
The columns with same letters have no statistically significant difference.
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The columns with same letters have no statistically significant difference.
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The columns with same letters have no statistically significant difference.

il e (A JS8) 8 57 05558 e 13
550 K ple lds olS ol se gy 5 Shes 5 oy
Cte flaly sl g S Cow D)3 sy 3 Shee il
wl};y&%@daﬁ\m);g‘fuoxfcﬁblal
0P losls Cod 035 75 (g3 T S 555 S 5 03375
ol 9 shud (39 b L
j\jug_.‘p;u;l;\;au&g)bm_ﬁ.:@u
o blie 51 Wl s s dne &l 53 paie 4w a bl
0 Jgue) Cils gyl gae STy jaud Lo
315055 B b Giale sl Ol 5 Jhagy ol s
Ca g Sl s ysb a4 Calitee Slb 5 S Sl esla |
Wl g 4 S 5SS oS 05955 Ol I3
a5 Glaie 055 725 Oljme op s (s 1A JSG) Ll
35 Jes LS 35 (SAS 50 S YN JTo 8 Sl
JF T3 56K 03 (b FAS 505 YY) lact
bS5 53 oS e slasles 35 i Jlde s 51 8
Pla Blag aly e e cpl e o VL, S
B ey 03y 53 35 15055 5 Jlr e il 5 il

O K es 8

bl So 5 iy 53 e oy sladkd

WS Sl WKl WK S
el (S g 5 ol (lgT Ol 3 ol &S 2
S5 1) sy deo 3 8 VO 35 oS Sl LI el
33 ekd Ll b 035 o b 15550 L(FD) das e
P 5 oS L b s I e ST
o m 2Bl e 35 e oS 25, Olie 5 A3
45t Gapd st W5 5k AE S5 s s
oo pls JT 58 5 15,80 Gl 00) 55i
0375 IR Corge 5 (skdy 0555 b 53 oS (615 2
L oosdie iy oyss bl 55 sy Ly ShIpl s
5 ls s Slas il Bl Carse hosy 5 Al i) ol
0587 Ol 039 SN 910) 358 0 &ils (9,5 Ol e
DS el g S s Sl T Sl 1B o e
Aoy 4 e gl Gl g S e GRS
b Lilg o LAy S 3sd s olE 45 Shyday S
by JUast ladls 4 413 05 p8a 55 5 ods s A
L ol gt a1y 5 S 5 1 (6 e g 5 LS

b g S gl S Ol opl gl (FY)



oYd

VE Y Ol s Foled FY W (g5, 9LaS 6"‘1’9 aoes) 6"‘))' s

S 5 10 rally 9 H0ud (O39S 2 995 9132095 F1 bls 4 8 (0) Jour
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Figure (9) Mean comparison of the mycorrhiza (A) and fertilizer (B) effect on the grain nitrogen

content of castor bean
The columns with same letters have no statistically significant difference.
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phosphorus content of castor bean
The columns with same letters have no statistically significant difference.
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