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Table 1. Average climatic indices during the growth period of plants related to 2019 in Ilam city.

Average maximum  Average minimum Maximum relative ~ Minimum relative Rainfall Month Year
temperature temperature humidity humidity olo Ju
(%) (%) (%) (%) (mm)
s Sl ke Loy Bla> Sl o Zasby Sl i b Bl S
(s 2 53) (e soebs 4 33) @) ) (e o)
17.0 6.3 86 45 7.2 April
25.1 9.8 65 25 0.4 May
345 17.0 37 15 0 June 2019
375 20.8 31 13 0 July
38.2 22.1 32 14 0 August
355 19.2 32 14 0 September
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Table 2. Results of soil physical and chemical characteristics.

Texture EC

Depth b (dS em™) ?rrli?treﬂrc ngr(z)tégin Phosphorus Exchangeable
(cm) : pH S SI b %) %) (mg kg™ potassium (mg kg™)
S SESL e el SO - B e

() . (Lss3) (1s,3) (SAS e S k) (35S 526 5 Joo)
o Al
0-30 Silt loam 7.06 0.15 0.37 0.125 5.05 259.2

G S W sm g g 3550 Dlis (Sl gl 25 8 5
28 g0 Ol GBS 5l s s IS skl A e o
S /0l S s IS Ol (6803100 shiaes
o3l b o3 A Ol 2 e o 00558 L S eab
Ao O gl 5l aslial Ly 5 03,8 05 pad (0 ga oSaws
0305 1) Laas 308 s 5 0iloy 2l ko 10 o 4y Ao
a0 Iome i Ol i eals 13 55y il oS
Jas UV-Visible) e 55 5 iSenl sliws 51 oslizal b e yal
ERdal LSL—“CJ—‘JJ—b o5 (Varian 5,5 oL Cary-50
Olpee A Csl3b ya b5 IS 6l i s el Y0
(V) Al asloes 5 Jaul gy 5l ealinal b b5 1S
Chla (mg g' FW) = (12.7A¢; —

2.69A645) x V/W x 1000 [¥]
Chl b (mg g FW)= (22.9A45 —
4.69A663) X V/W % 1000 [0]
Chla+b (mg g! FW)=(20.2Acs +
8.02A463) X V/W x 1000 [5]
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Table 3. Analysis of variance (mean squares) of physiological properties of Black cumin ecotypes under drought stress and nitroxin
biological fertilizer.

Df
Catalase Proline Anthocyanin Chlorophyll total Chlort())p hyll Chlorophyll a o S.0.V
)NULS O:J}Ji u?’l':‘”f"‘ L}S J,_.UJJS b J"* jlg a J':QLJS P e (:""
53 3!
0.00003™ 0.173™ 0.104™ 0.0099™ 0.015" 0.0015™ 2 Block
0.00117" 80.2" 922.11" 3.83" 0.855™ 1.08° 2 Stress
0.000036 0.166 0372 0.0015 0.002 0.0031 4 Stress x
Block
0.00024" 103" 231.76™ 1.06™ 0.184™ 0.364" 1 Nitroxin
0.000096™* 0.349" 23.63™ 0.0086™ 0.0042™* 0.007" 2 Stress x
Nitroxin
Block
0.000006 0.019 0.254 0.0005 0.00058 0.0025 6 (Stress) x
Nitroxin
0.000019" 6.88™ 20.42" 0.095™ 0.0242" 0.209" 3 Ecotype
0.00002" 177 4.05™ 0.024™ 0.0165™ 0.0035" 6 Stress x
Ecotype
0.00002" 0.723" 9.34™ 0.015™ 0.0063" 0.0045™ 3 Nitroxin x
Ecotype
Stress x
0.00002" 1.44™ 3.49™ 0.013" 0.0097" 0.002™ 6 Nitroxin x
Ecotype
0.00000969 0.083 0.112 0.0003 0.00022 0.0018 36 Error
425 7.39 431 2.11 431 8.91 (%) CV

G| JJL;'M | 6“\9 EEY- S ‘—ii 9 @ JLA:}\ Cjk.«ﬂ BE )‘QL;'\M jﬂ J,i)L:J g_,._JJSA.; ns R

*, ** and ns stand for significant effects at the 0.05 and 0.01 levels of probability and no significant effect, respectively.
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Table 4. Mean comparisons of the triple effect of drought stress and nitroxin biological fertilizer on physiological properties of Black
cumin ecotypes.

Treatments Chlorophylla  Chlorophyll ~ Chlorophyll  Anthocyanin Proline Catalase (unit

Lo sles (mgg™) b Total (umol g! (umol g' FW) min' mg’!

; (mgg" (mgg" FW) protein)

No Neyshabour 0.779° 0.605° 1.38 1.76" 2.59% 0.0016#
stress L Mashhad 0.775° 0.587° 1.36% 1.57" 1.91!mn 0.0017¢

Nitroxin

Semirom 0.679¢ 0.693* 1.37% 2.36™ 2.07™ 0.0022¢

Isfahan 0.875* 0.472¢ 1.34° 1.2° 3.25M0 0.0015¢

Neyshabour 0.671¢ 0.378% 1.04¢ 3.83Y 1.28° 0.0026¢

L. Mashhad 0.565¢ 0.3814 0.94" 2.63m 1.65™° 0.0022¢

Non-nitroxin Semirom 0.566° 0.596° 1.16¢ 3.45%* 1.56™ 0.0025¢

Isfahan 0.780° 0.475¢ 1.25¢ 5.14t 3.36M 0.0021¢

Moderate Neyshabour 0.561¢ 0.353f 0.91¢ 5.07" 4.22% 0.0050%
stress Nitroxin Mashhad 0.462¢ 0.487¢ 0.95" 3.07¢ 291‘1; 0.0035¢
Semirom 0.370° 0.3834% 0.75" 5.35¢% 4.46°% 0.0029¢

Isfahan 0.656¢ 0.396¢ 1.05¢ 4,08 491¢ 0.0024¢

Neyshabour 0.447¢ 0.314¢ 0.76" 11° 3.20M 0.0050%

Non-nitroxin Mashhad 0.342f 0.3774f 0.72! 5.85¢ 2.364 0.0057%

Semirom 0.244" 0.369¢ 0.61) 5.86¢ 3.540 0.0053%

Isfahan 0.557¢ 0.220" 0.78" 6.42f 4.02¢ 0.0065¢

Severe Neyshabour 0.359" 0.204" 0.56* 12.4¢ 5.874 0.0119«
stress Nitroxin Mashhad 0.357° 02011‘_l 0.56* 10.6¢ 4.81¢ 0.0089¢1
Semirom 0.259¢ 0.17¢’ 0.44! 11.8¢ 7.59° 0.0117¢%

Isfahan 0.541¢ 0.1817 0.721 12.2¢4 7.05° 0.0120%¢

Neyshabour 0.242" 0.096' 0.34™ 21.1¢ 6.36¢ 0.0164%

Non-nitroxin Mashhad 0.126' 0.1054 0.23" 16.1° 4.79¢ 0.0202°

Semirom 0.102 0.122¢ 0.22" 16.6° 5.69¢ 0.0279*

Isfahan 0.325% 0.093! 0.42! 16.4° 4.62° 0.0129%

IVRIRY M)A@ledaw)sé)ui)\:w Sl Ot a3 S e Gy ghils e Kle

Means with the same letters in each column are not significantly different at 5% probability level.
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Abstract

In order to investigate the effect of nitoxin biofertilizer on black seed (SN) under different levels of water
stress, an experiment was conducted in the research farm of Ilam University using a split-split plot
arrangement based on a randomized complete block design (RCBD) with three replications in 1398-1399.
The main plots were water stress treatment at three levels including no stress, moderate and severe stress
based on 100, 50 and 35% of plant water requirement. The sub-plots and sub-sub plots were biofertilizer
treatments (at two levels) and four black seed ecotypes (Isfahan, Semirom, Mashhad and Neyshabour),
respectively. Based on the results, the highest amounts of chlorophyll a, b and total pigments were 0.711,
0.523 and 1.235 mg g'! FW from control and the highest levels of anthocyanin (14.69 pmol g'' FW), catalase
(0.0152 U min! g! P or units per minute per gram of protein) and proline (5.84 micromoles per gram of
fresh leaves) were obtained in the severe water stress treatment. Results also showed that the highest amount
of proline (0.0152 units per minute per gram of protein) and chlorophyll pigments including chlorophyll a, b
and total with 0.711, 0.523 and 1.235 mg per gram of fresh leaves, respectively, were obtained in the control.
The use of nitroxin biofertilizer increased the levels of anthocyanin and catalase. Among the tested ecotypes,
Semirom had the highest amount of chlorophyll b pigment (0.39 mg g of fresh leaves) and the highest
amount of catalase activity (0.0087 U min' g! P). Neyshabour and Isfahan ecotypes had the highest
anthocyanin content (9.21 umol g fresh leaf) with the highest proline concentration (4.4 pmol g fresh leaf)
and total chlorophyll a. Based on the analysis of variance of the data, the triple interaction of water stress X
nitroxin X ecotype on all measured physiological traits except catalase activity and chlorophyll a pigment
was statistically significant at 5% probability level. Decreased chlorophyll indicates susceptibility to drought
stress and increased anthocyanin, catalase and proline indicate plant response to stress. Examining the
physiological characteristics of black seed under drought stress indicated that black seed is almost sensitive
to drought stress. The results showed that there was a difference between black seed ecotypes in terms of
response to dehydration and biofertilizer was able to improve the plant's response to stress to some extent.

Keywords: Anthocyanin, Catalase, Chlorophyll, Proline, Microorganism.

Background and Objective: In the face of climate change, drought stress has become the most important
limiting factor for crop production. Drought is imposed when the water available to the plant roots is limited
or the water loss through transpiration is very high. The most important factor affecting the yield in
conditions of soil moisture deficit is the reduction of PAR (photosyntheticaly active radiation) absorption,
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which leads to a decrease in light consumption efficiency and a decrease in harvest index. On the other hand,
preventing the effects of chemical mountain abuse requires the development of proper cultivation,
management and planning. Biofertilizers as an alternative or as a complement to chemical fertilizers can help
to ensure the sustainability of agricultural production systems.

Methods: The experiment was conducted as a split-split plot with three replicates at Ilam University
experimental farm during growing season of 2019. Water treatments included a control with no stress,
moderate stress and severe stress as main plots. Nitroxin fertilizer treatments including no nitroxin (control)
and application of one liter nitroxin per hectare as sub-plots and plant ecotypes including Neyshabour,
Mashhad, Semirom and Isfahan as sub-sub plots. Measured traits included leaf anthocyanin (4), catalase (3),
chlorophyll (1), and proline (2) content.

Results: Results showed that the three-way interaction effect of water stress X nitroxin fertilizer X ecotype
was highly significant for most of the studied traits excluding catalase and chlorophyll a. The highest values
of chlorophyll a (0.875 mg g fresh leaf), chlorophyll b (0.693 mg g! fresh leaf), total chlorophyll (1.384 mg
g'! fresh leaf) and proline (7.59 pmol g fresh leaf) were obtained when using biofertilizer. However, the
highest values of anthocyanin (21.1 umol g fresh leaf) and catalase (0.0279 U min" g!' P) were obtained at
control with no biofertilizer application. The effect of water stress on chlorophyll a, chlorophyll b and total
chlorophyll was decreasing, while it was increasing for electrolyte, anthocyanin, catalase and proline
leakage. This trend was intensified as the level of water stress was increased.

Conclusions: Decreased chlorophyll in the present study indicated the sensitivity of this plant to water stress.
In contrast, the plant responded to water stress by increasing the content of anthocyanin, catalase and proline,
which may indicates an increase in reactive oxygen species levels in the plant. The examined physiological
and biochemical parameters also suggests that black seed plant is sensitive to water stress and by increasing
the level of water stress from a moderate level to severe, it is seriously damaged. Therefore, the use of
biofertilizers may have positive effects on reducing the amount of damage to black seed plants in stressful
conditions. However, this issue needs further investigation due to its special importance.
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