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Introduction

Following climate change, drought stress has become the most important limiting factor for crop production.
Plants become dry when the water available to the roots is limited or the water loss through transpiration is very high.
Decreased photosynthetic active radiation absorption, impaired light consumption efficiency, and reduced harvest
index are the most important factors reducing yield in soil moisture deficit conditions. On the other hand, the adverse
effects of the use of chemical drugs in recent years have led to much attention to the cultivation of medicinal plants,
which with the increase in their use requires the development of cultivation, management, and proper planning. Bio-
fertilizers as an alternative in some cases and in most cases as a complement to chemical fertilizers can help to ensure
the sustainability of agricultural production systems.

Materials and Methods

The study aimed to evaluate the effect of nitroxin biological fertilizer on the ecotypes of black seed under drought
stress. The experiment was conducted as a split-split plot with three replicates at Ilam University during the growing
season of in 2018. Drought stress levels including no stress (Irrigation based on 100% of plant water needs), moderate
stress (Irrigation based on 50% of plant water needs), and severe stress (Irrigation based on 35% of plant water needs)
as the main plot, nitroxin fertilizer treatments including no nitroxin (control) and application of 1 liter ha nitroxin as
subplot and ecotype treatments including Neyshabour, Mashhad, Semirom and Isfahan Sub-plots were considered as
sub-plots. Measured traits included plant height, number of sub-branches, yield, grain yield components (number of
follicles and number of seeds per follicle), relative leaf water content, ion leakage, and photosynthetic pigments.

Results and Discussion
The results showed that the main effect of drought stress, nitroxin, and ecotype on all treats was significant
(p<0/01). The highest plant height and the first sub-branch height of the Mashhad ecotype were obtained under
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Irrigation based on 100% of plant water needs conditions under moderate stress. The highest number of branches per
plant of the Neyshabur ecotype was obtained under nitroxin under drought stress conditions. The highest number of
capsules per plant was obtained from Mashhad ecotype treatment with no nitroxin and Irrigation based on 100% of
plant water needs. The highest number of seeds in the main capsule, seed yield, and harvest index were obtained from
the Semirom ecotype under nitroxin under Irrigation based on 50% of plant water needs. The highest biological yield
was obtained in Isfahan ecotype, nitroxin consumption, and Irrigation based on 50% of plant water needs. The results
of this study showed that drought stress caused a significant reduction (p<0.01) in the values of chlorophyll a, b and
total chlorophyll traits and relative moisture content of leaves Meanwhile, the use of nitroxin biological fertilizer in
most cases improved these traits in different ecotypes, which can be due to the positive effects of biological fertilizer
in helping to better absorb water and nutrients under drought stress and reduce the negative effects of water deficiency
on Physiological traits of the plant.

Conclusion

Since better absorption of nutrients depends on the existence of an extensive root system, it seems that the lack of
expansion of the plant root system under drought stress and the lack of use of chemical fertilizers is the ground for the
activity of microorganisms. This has led to the improvement of the root system and consequently better absorption of
water and nutrients needed by the plant in conditions of moisture stress. In general, the results of this study indicate
that the application of biological fertilizers may have had a positive effect on improving the yield and quantitative
properties of the herbicide under drought stress conditions, however, this issue needs further investigation. From the
results, it can be concluded that moderate drought stress can be applied in weather conditions in Ilam province in
addition to reducing water consumption will lead to better outcomes.
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Table 4- Analysis of variance (mean of squares) of physiological pigments of Black seed ecotypes affected by drought stress
and nitroxin biological fertilizer

Olayo (il
Mean of squares
5 qalia 2 Cdg Il Spolamd glyte A didg)ls bady 5 IS Judg S
“S” o V &l Electrolyte Relative water Chlorophyll  Chlorophyl Total
T d.f leakage content a I'b chlorophyl
Bi)fk 2 3.9 2.28™ 0.00037 " 0.00018" 0.00005 "™
sﬁs 2 3417.24" 2813.8™ 1.53016™ 0.73988" 4.29733™
‘S >< e
St * Xl;w K 4 0.34m 1.42 0.00017"s 0.00016 " 0.00052 "
ress ocC
Nﬁ’j‘t'““‘ 97 1 21.77" 251.37" 0.73812™ 0.14134™ 1.52543™
1troxin
S‘t”““s ’i"" " o 2 26.59™ 134.92" 0.00343* 0.01133" 0.02282™
ressx nitroxin
J X . -
N.(tuw)_ X’tl ‘;“(“;i’” | 6 0.51" 0.58 0.00074" 0.00014 0.00063"™
1troxin 0oC ress
wa ! 3 464.94™ 196.41" 0.141256™ 0.17283" 0.61625™
cotype
sl X i - - - - -
Ecotpexat 6 64.15 83.77 0.02539 0.02235 0.07239
cotypeXxstress
S g yis X i gS|
e i t ol _t* ’§ 3 280.9™ 121.09" 0.0009 ™ 0.00541* 0.00347™
cotypexnitroxin
C5eST X - W X ne
P38 X S o 6 134.04™ 82.07" 0.0141* 0.00136™ 0.01445"™
Ecotypexstressxnitroxin
EUb 36 0.53 1.21 0.00041 0.00018 0.00057
rror
Q'”"”C'“MV*”"” - 2.39 2.41 4.62 3.13 2.92

S1d Sx0 BWE] pus g o ) K g i Jlods] g 3 (5,15 o i Sy INS FF F

*,** and ns: are significant at the 0.05 and 0.01 levels of probability and no significant, respectively.
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Table 6- Mean comparisons of drought stress and nitroxin biological fertilizer on physiological characteristics of Black seed ecotypes

. . . e gy Sl
Joss a Judg i b Jedg 5 JS Judg i gy ki Sy
Treatmert Chlorophyll a Chlorophyllb  Total chlorophyll Electrolyte Relative water
(mg.g™?) (mg.g?) (mg.g?) Leakage (7) .
content (%)
)5?"‘:":‘. c* c c | c
0.768 0.563 1.331 18.073 55.489
Neyshabour
et 0.673¢ 0.455¢ 1.127¢ 19.961% 52.156¢%
S gy Mashhad
Nitroxin P 0.953¢ 0.717° 167 17.492' 73.2872
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