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Table 1- Physicochemical properties of the experimental soil

Sl G o e LBl ] o Fojer gl cule dbawl
Soil Clay Silt Sand Swls PP K S TotalN S oS pH
texture (%) (%) (%)  CeEC  Availablep (Mokg) oc (%) SP EC
(cmolc kg™)  (mg kg™?) (%) (%)  (dsm?)
Loam 21 41 38 8.9 12 220 0.837 0.079 40.2 1.9 7.65
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Table 2- Physicochemical properties of the biochar used for the experiment

Cug 9 51538 Jlolge oy B o oS SWeds  SySicyls e
Volatile organic matter & K AvailableP  TotalN  Carbon Sl EC pH
moisture CEC (uS cm™)
(%)
46.95 0.21 0.01 1.27 45.44 0.27 200 9.7
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Table 3- Analysis of variance (mean square) for the effect of studied treatments on some properties of experimental soil

5 @l @Milanyy U gie e LB jhd oy SB Jislge S O T
S.0VvV d.f Total Available Potassium Soil organic 195w
nitrogen phosphorus matter Microbial biomass
carbon
S 2 0.0051™ 0.891™ 3292.1"™ 1.518™ 35.29™
Block
ol 2 0.0000 ™ 8.25™ 1357.4™ 0.003™ 38.76™
Irrigation (1)
clas Lol s )S 4 0.0003 435.8 0.108 30.95
Main plot error
Ji oW 2 0.0007* 1.91™ 4317.1** 0.253* 49.74*
Biochar (B
bl x )1%(%) 4 0.0001™ 25.44%* 1762.9* 0.052"™ 67.74*
IrrigationxBiochar
orbonsngS 1 0.0003 ™ 78.48** 185.1™ 0.123™ 67.84™
Fertilizer (F)
bewsngs x bl 2 0.0001™ 179.6™ 0.067™ 147"
Irrigationx Fertilizer
orbondag8% o g 2 0.00006 ™ 4.43™ 311.5™ 0.021™ 0.021™
Biocharx Fertilizer
orbeondaeSx s g bl 4 0.00036 ™ 14.37** 9185™ 0.128"™ 124.7%*
IrrigationxBiocharx
Fertilizer
b sl S olbs 30 0.0002 685.7 0.065 18.92
Sub plot error
Oy oy - 19.2 16.9 17.9 11.8
C.V. (%)

70 o 7N Jlean] gaw 1 s sxe cud g # g % NS
ns, ** and *are significant at p<0.01 and p<0.05, respectively
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Table 4- Means comparison for biochar effects on soil properties

K9S Ty 5 Ojas el SB Jislge (529550 0395 o j (325
Factor Total Potassium  Soil organic matter Microbial biomass carbonic
Levels Nitrogen (mg kg™) (%) (mgc100g soil ™)
(%)
Jirow 0(By) 0.076b 143.1b 1.329b 36.87ab
; i -1 10 (By) 0.085ab 148.6b 1.392ab 34.96b
Biochar (tha”) 20 (B5) 0.089a 172.2a 1.558a 38.28a

)l doyd ey Jleis] e )3 5 xe gy Syiie B S JBls gyl gla (1 Siko 556 g gt b 4D

In each column of each experimental factor, same letters had not significant differences in Duncan’s multiple range at p<0.05

S Sloogad 5 tlandags x g x (5)ll S aw ST g sl 893 Jliso 31 ls dullin -0 Jgo
Table 5-Mean comparison of interaction effects for irrigationx biochar and irrigationx biochar x fertilizer on soil properties

o o s BBy ] (52950 8395 Com§ (2,5
Treatment Available phosphorus (mg kg™) Potassium Microbial biomass carbonic
(mg kgt (mgc100g soil ™)
1,B; 13.53c 148.3bcd 34.15cd
1,B, 15.5ab 156.7abc 35.62bcd
1,B3 14.17bc 186.7a 41.54a
1,B; 11.12d 119.2d 39.57ab
1,B, 12.7cd 144.2cd 38.25abc
1,B3 15.4ab 176.7ab 35.99bcd
13B, 16a 161.7abc 36.89abc
1B, 12.93c 145cd 31.03d
1;B3 12.97c 153.3bc 37.32abc
1,B\F; 14.2 cdef 35.9bcdefg
1,B:F, 12.8defg 32.3efgh
1,B,F, 14.6cde 40abcd
1,B,F, 16.4bc 31.1fgh
1,B3F; 13.2 defg 37.1bcdefg
1,B3F, 15.1cd 45.9a
1,B.Fy 10h 41.1abc
1,B:F, 12.1fgh 37.9bcdef
1,B,F; 11.7gh 37.5bcdefg
1,B,F, 13.6defg 39abcde
1,B3F, 12.6efg 41.6ab
1,B3F, 18.2ab 30.35gh
13B,F; 12.2efgh 33defgh
15B:F, 19.7a 40.7abc
13BoF; 12.8defg 34.2cdefgh
13B,F, 13defg 27.7h
13B3F, 11.9fgh 39.7abcd
13B3F, 14cdefg 34.9bcdefgh

I3, 1, and I5: 100, 70, 40% water requirement, respectively;

By, By, B3: 0, 10, 20 t ha™* biochar, respectively; F; and F,: non-using chemical fertilizer, using chemical fertilizer, respectively

)l doyd ey Jleis] gdaw )0 I gine Ggley Syidie B S JBlas gl slo (1 Sle g6 5 g o )0

In a column of each experimental factor, same letters had no significant differences in Duncan’s multiple range test at p<0.05
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Table 6- The analysis of variance (mean square) for the effect of studied treatments on seed yield,
straw yield and water use efficiency in black seed

s alio o3l 4 yn &ils 3 ,Slos QNS 5 0l5 5 S Ol dpae g,
S.0.V d.f Seed yield Straw yield WUE
J ns
Bl ’hk 2 338414.05 ™ 4908604.05 ™ 0.051
ocC
T ns
. d).L,gl ) 6787186 * 4387008.56 0.002"
Irrigation (1)
kol sl S llas A 66526.7 1136303.54 0.017
Main plot error ' '
Bi ’:’“ ®) 2 18891.2™ 124676.87™ 0.001"™
lochar
o X“"E"*' 4 30726.2™ 238939.54™ 0.002"™
IrrigationxBiochar
F “?LIMJ’ZF) 1 101375.7™ 16534020.6™ 0.004"™
ertlizer
B 1 ns
tbesd Xl 2 41023.2 675786.42" 0.001"™
Irrigationx Fertilizer
LawdogSx la o>
g e 2 168023.7* 20575.56 ™ 0.008
Biocharx Fertilizer
otbronddgSx )‘%%Xd)@."
IrrigationxBiocharx 4 79246.9° 620880.02" 0.005™
Fertilizer
R e 0 sl 30 26548.1 246939.3 0.001
Sub plot error
ol yaai g
NN - 15.0 16.7 15.1
C.V. (%)

70 9 7N sl o p3 5 re ol gy # g s NS
ns, ** and * are significant at p<0.01 and p<0.05, respectively

Aildokww 0LS )3 Aild 3,Sas 1 (55l Hlowd 03w 1 (Sl duglio -V Jou
Table 7- Means comparison for the effect irrigation on seed yield in black seed

49518 Zobw aily >, Sdos
Factor Levels Seed yield (kg ha™)
d)L:J.1 100 (|1) 1239.3a
Irrigation (1) 70 (12) 1157.9a
(%) 40 (ls) 814.2b

)l Aoy gy Jlais] grdaw 3 )b e ©olds Syt (Y B S JBlis )b slo 15 be 556 g gt )
In a column of each experimental factor, same letters had not significant differences in Duncan’s multiple range test at p<0.05.
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Table 8- Mean comparison of interaction effects for irrigationx fertilizer and biocharx fertilizer on yield,
straw yield and water use efficiency in black seed

Pysqu aild 5,Slos QNS g 015> Slhos Ol dpzo 8
Factor Seed yield (kg ha™) Straw vyield (kg ha) WUE(kg m®)
I F, 2747h

ILF> 3725a

1,F, 2502b

1,F, 4044a

I5F, 2000c

I5F> 2800b

B.F; 1117abc 0.233abc
B:F, 986.3c 0.203c
B.F1 1033bc 0.213bc
B.F, 1184ab 0.243ab
BsF; 987.4c 0.203c
BsF, 1227a 0.253a

I3, 1, and I5: 100, 70, 40% water requirement, respectively; By, B,, Bs: 0, 10, 20 t ha-1 biochar, respectively; F, and F,:
Non-using chemical fertilizer, using chemical fertilizer, respectively

)l o)y gy Jlais] pdaw 3 )b e ©olds Sy Y B K Sl )b sla 1 Slo 556 g gt o )
In a column of each experimental factor, same letters had not significant differences in Duncan’s multiple range test at p<0.05.

9 QIS 9 0155 o ailad Shos 1yl an 9 (2 bowidoS ¢ gyl Al dur Jilike W1 51 il dwg e -4 Jgu>
wilsobw obS 1> Of & pas oI5

Table 9- Mean comparison of interaction effects for irrigation x fertilizer x biochar on yield, straw yield and water use efficiency

et 4133 Slos LS g 053 o Ol B pan 9,5
Factor Seed yield (kg ha) Straw yield (kg ha™) WUE (kg m®
1.B/F, 1278ab 2747efgh 0.239abcd
1,.B1F, 1289ab 3327bcde 0.246abcd
11B,5F, 1140abcdef 2773efgh 0.207de
1.B,F, 1314ab 3874abc 0.24abcd
1,B3F, 1232abc 2720efghi 0.234abcd
1,B3F, 1182abcd 3973ab 0.213cde
1,B,F; 1131abcdef 2400fghi 0.228bcd
1,B41F, 1087abcdef 4053ab 0.218cde
1,B,yF; 1052bcdef 2273ghi 0.212cde
1,B,F, 1356a 4420a 0.272ab
1,B3F; 996.7cdefg 2833defgh 0.202de
1,B3F, 1325a 3660abcd 0.262abc
15B,F; 941.2defg 1893i 0.23bcd
15B,F, 583.7h 3080cdefg 0.146f
1sB,F; 906.3efg 2007hi 0.222hcde
1sB,F, 880.7fg 2213hi 0.218cde
15B5F; 733.1gh 2100hi 0.173ef
13B3F, 1174abcde 3107cdef 0.284a

I3, 1, and I5: 100, 70, 40% water requirement, respectively; By, B,, Bs: 0, 10, 20 t ha-1 biochar, respectively; F;
and F,: non-using chemical fertilizer, using chemical fertilizer, respectively
W55 o gy Jlais] pdass p3 b e @old Sy Y Bpx S Bl ()b sl Sihe (g o )
In each column, same letters had not significant differences in Duncan’s multiple range test at p<0.05.
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Effects of Biochar on Soil Fertility and Water Use Efficiency of Black Seed
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Introduction: Application of chemical fertilizers since green revolution, make the crop production doubled
or even tripled in some crops. However, long-term overuse of these fertilizers decreased soil quality. Thus to
obtain the same yield, the rate of inorganic fertilizer application steadily increases from year to year. Recent
studies revealed that in order to increase the chemical fertilizer efficiency, it needed to integrate organic
resources with chemical fertilizers to soil. However, using organic manure in the soil will be decomposed very
rapidly. Biochar is a source of high organic carbon which highly resistant to decomposition. It has a porous
quality and large surface area which reduces leaching of nutrients. Biochar addition to soils can change microbial
biomass, adsorb toxic compounds and improved soil water and pH status. The internal porosity of biochars may
help soil microorganisms avoid grazers. Globally demands for plant- based medicines are growing. Black seed
(Nigella sativa L.) is annual plant to Ranunculaceae family, is grown in arid and semi-arid regions of the world.
Black seed considered as a spice, medicinal plant and used as seasoning in cooking and foodstuffs. Recently,
there has been an increasing interest in integrated approaches in improving crop production to resist conditions
of nutrient-poor soil, drought, and salinization. Since, a few attempt has been made to investigate the effects of
biochar amendment on medicinal plants in semi-arid agricultural systems, the present study was initiated in agro
ecological condition of Mashhad.

Materials and Methods: A field experiment was conducted as split plots factorial layout based on a
randomized complete block design with three factors and three replications at the Research Station, Faculty of
Agriculture, Ferdowsi University of Mashhad, Iran during growing season of 2016. Three levels of irrigation
(100, 70, and 40 percent of water irrigation requirement) were assigned as main plots and the combination of
three levels of biochar (0, 10, and 20 ton ha™) and two levels of chemical fertilizers (without and with chemical
fertilizer) were allocated as sub plots. Recommended dose for nitrogen, phosphorus, and potassium was 150 kg
ha?, 75 kg ha® and 100 kg ha™, respectively. The size of each experimental unit was 3x2 m?. Black seed
thinning was performed after emergence to get a plant population density of 200 plants m™. Post experimental
soil which was amended with biochar and fertilizer were analyzed for total nitrogen, available phosphorus,
potassium, soil organic matter, and microbial biomass carbon. Plant criteria which studied were such as grain
yield (kg ha™), straw yield (kg.ha) and water use efficiency (base of grain yield). Analysis of Variance
(ANOVA) and Duncan multiple range test were used to compare the recoded data.

Results and Discussion: Soil N, K, SOM, and Microbial biomass carbon were significantly affected by
biochar application. Phosphorus was not affected by biochar. The highest biochar effect on soil characteristics
was found under 20 ton ha™ biochar application treatment. The results showed that application of 10 and 20 ton
ha™ of biochar improved soil nitrogen compared with control treatment. Soil organic matter was increased by
1.56% compared with 1.33% in control when 20 ton ha™ biochar was used. It has been reported that the biochar
may increase the organic matter of the poor soils. The soil microbial biomass carbon was increased by biochar
and fertilizer application. It seems that the reason for increasing soil microbial biomass by adding biochar to the
soil is enhancing available soil nutrients, adsorption of toxic compounds and improved soil water and pH status.
The internal porosity of biochars may help soil microorganisms avoid grazers. Combine use of fertilizer and
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biochar were more affected on plants growth than biochar or fertilizer alone. The interaction between biochar,
chemical fertilizer and water requirements significantly affected the seed and straw yield. The significant
increase of grain yield, straw yield observed in 1,B,F, (70% water requirement+10 ton ha™ biochar+ with
chemical fertilizer) and 1,B3F, (70% water requirement+20 t.ha™ biochar+ with chemical fertilizer) treatments.
Biochar significantly increased water use efficiency which shows that under water deficiency, biochar can
increase the uptake of water and nutrients. As a result, plants tolerance against water deficiency increase and
more yields will be produced for a specific value of water. This means the water use efficiency can increase and
the use of water will decrease.

Conclusions: This study confirmed that biochar application can help in increasing of black seed production
through the improving some physical and chemical properties of the soil such as soil pH, soil nutrient
availability, soil nutrient holding capacity, and soil microorganism conditions. Although the application of 20
ton ha® biochar improved soil properties compared with 10 ton ha™, the difference was not significant.
Application of biochar with chemical fertilizers had better effects on seed and straw yield, compared with solely
application of biochar and chemical fertilizers. It may belong to the biochar ability to decrease nitrate and other
elements leaching due to its high porosity and high water retention capacity which increased water use efficiency
in the plant. This is important in particular, in arid and semi-arid areas, where reduces the amount of water
consumed and increases water yields for plants that are under water stress. The seed production of black seed
was not affected by reducing water requirements up to 70 % of its total water requirements when biochar was
applied. This means that, by using the biochar in soil, only 70% water irrigation required. These results may use
for water saving in agriculture in arid and semi-arid conditions.
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