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Extended abstract

Introduction

Drought stress is one of the environmental factors that affects the growth, yield and yield components
of plants. Nitrogen and methanol play a key role in plant structure and metabolism. Black cumin
(Nigella sativa L.) is one of the medicinal plants in the family of Ranunculaceae. The seed of Nigella
sativa plant has been used since long to protect health and combat different diseases and its frequent
application in the pharmaceutical industry. The plant is cultivated in different parts of Europe and Asia
including Iran. The purpose of this study was to investigate the responses of growth indices and yield of
the black cumin to nitrogen and methanol under water stress conditions.

Materials and methods

Healthy seeds of black cumin were provided from Medicinal Plants Research Center, Shahed University.
The experiment was a split split-plots study based on randomized complete block design with three
factors and three replicates. The experiments were conducted in the farm of Zanjan University, Faculty
of Agriculture (36° 41’ N latitude, 48°27 E longitude, and altitude of 1620 m) during the year farming
in 2019-2020. The factors were drought stress with 4 levels (control irrigation, irrigation at 80% soil
capacity, irrigation at 60% soil capacity, irrigation at 40% soil capacity) as the main plots, nitrogen with
4 levels (control, 30, 60 and 90 kg per hectare) as the sub-plots and methanol with 3 levels (o0, 10 and
30%) as the sub-sub-plots. In fact, for each level of methanol, two g 1 glycine and one g 1t
tetrahydrofolate as catalysts and one g 1* tween80 were added to increase the adhesion of methanol
solution. In both areas, soil preparation, including plowing, leveling and paving was performed before
planting. Black cumin seeds were weighed in the amount of 4 g and the seed was evenly distributed.

At the time of complete ripening, after removing the marginal effects, a random sample was selected
from each plot and the plant height, root length crop growth rate (CGR) were measured.

Also, after the final ripening, sampling was done to determine the grain yield after removing the
marginal effects and one square meter was taken from each experimental unit and the number of plants
per square meter was counted and then the seeds were separated from the plants and weighed and then
reported in kg ha. To measure yield components (number of capsules per plant, number of seeds per
capsule and 1000-seed weight) at the time of harvest, 5 plants were randomly selected from each
experimental unit and the number of capsules was counted and then the seeds were taken out of the
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capsules. To measure the weight of 1000 seeds from the harvested seeds related to grain yield, three
thousand samples of seeds were counted and then weighed and their mean as 1000 seeds weight and
were used for data analysis.

Results and discussion

The results showed that with increasing irrigation stress, plant growth indices and yield decreased, while
with increasing nitrogen and methanol concentrations, growth indices and yield increased. In total,
application of 10% methanol and 30 kg ha nitrogen increased root length plant height by 9 and 16%
compared to the control treatment. The results showed that the triple interaction of control irrigation,
application of 30 kg ha*nitrogen and 10% methanol increased crop growth rate by 17.44% compared to
control treatment. The highest grain yield by interaction of without irrigation stress and application of
90 kg ha nitrogen and application of 10 percent methanol in the amount of 715.40 g were observed.
Application of high levels of nitrogen and methanol under severe stress reduced grain yield, while
application of lower levels of nitrogen (30 kg hat) and methanol (10%) increased grain yield, and the
triple interaction of non-stress irrigation, application of 90 kg ha* nitrogen and 10% methanol caused a
significant increase in grain yield (3.6%).

Conclusion

The results showed that severe drought stress by reducing plant height, root length, crop growth rate,
number of seeds per capsule and number of capsules per plant could reduce grain yield in black cumin
and methanol application, especially at the level of 30%, with a positive effect on source strength (leaf
area index) and reservoir strength (number and size of seeds) as well as root length, was able to increase
black seed grain yield under water stress. The maximum crop growth length was obtained by triple
interaction of control irrigation, application of 30 kg ha! nitrogen and 10% methanol foliar application
at 35.31 g m2day and according to the importance and economic value of black cumin plant in the
pharmaceutical industry The use of this treatment is recommended for producers of this plant.
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Table 1. Some physiochemical characteristics of soil used in the experiment.
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Table 2. Analysis of variance of nitrogen and methanol effects on growth, yield and yield components of black cumin

(NVigella sativa L.) under drought stress.

@Iy ol eyl adyy Job W Jsert T T 500k ol
Source of variable ¥ gl df Plant height  Root length Numl[))ee:‘ (;)fl;zfsmes Nul:;'eza(;)fsfﬁeds
Replicate S 2 158.31m 65.84" 190.92° 2072.88"
Irrigation (I) &k 3 115.00** 0.51° 141.43* 473.73"
Ea ol sl 6 1.15 0.11 2.27 135.97
Nitrogen (N) 0395508 3 17.42* 438" 24.02** 157.96*
IxN 0358 5% 5 ksl 9 19.26* 1277 74.90" 105.25™
Eb €28 sl 24 0.43 0.06 0.82 28.10
Methanol (M) Joilie 2 10.34" 3.20* 12.30™ 25.78™
IxM Joiliox )kl 6 21.88" 0.68" 12.39* 59.01m
M xN Joliax ¢339 piud 18.15™ 3.45° 31.28" 25.24m
IXN XM Joiliox g i g b 18 24.01™ 0.99* 34,74 86.90
Ec B Pl 48 0.32 0.05 0.80 30.93
CV% X 2.62 5.89 9.35 24.79
Table 2. Continued aolol Y Jgu

- PH R ST SN

@Ol azy The ;;&’;f Wls s, Sles  Fp b o3l Jgaze aidy ca pu
Source of variable =% &b df 1,000 seeds Seed yield LAI CGR
Replicate RS 2 0.036™ 3357.36" 0.059" 129.93"
Irrigation (I) Gk 3 0.184" 656.01" 2231 113.57*
Ea ol s 6 0.003 142.28 0.078 2.19
Nitrogen (N) 059 i 3 0.343" 109.08" 0.152* 18.11%
IxN o395 6 LT 9 0.115" 217.94™ 0.210™ 17.34™
Eb 8 s 24 0.004 32.44 0.051 0.77
Methanol (M) Jeilio 2 0.086" 17.00m 0.240™ 11.07*
IxM Jeiliox g Ll 6 0.331" 7117 0.833"" 2021
M x N Jgiliox oy 59 yius 6 0.113™ 46.61m 0.113" 20.60"
IxNxM Jgliox ey 6 bl 18 0.135™ 102.75" 0.136" 23.32"
Ec 20 £ 50 sl 48 0.003 31.98 0.050 0.58
CV% O kS g 2.58 1.69 5.53 5.21

ol ao )0 50 Jlaizl maw (o (6,18 gme 5 (55 sixe pas saiadlis o 5 4y e g % DS
ns, * and **: Not significant, significant at 5% and 1% probability levels, respectively
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Table 1. Mean comparison interaction effect of nitrogen, methanol an irrigation d on agronomic
characteristics of black cumin.

Sl Oferes Jebe eyl Adyy gk Sppbe Sl Jaame wliy oy

Irrigation Nitrogen Methanol Height Root length LAI CGR

kg % cm cm m2.m?> g.cmday

0 40.1°9 40 5.05¢h 28.427k

0 10 40.204 5.104 5.328%¢ 28.34Hk

30 40.7"° 6.0°° 5.37% 28.82fi

0 41.1km 5.7 5.16>f 29.15%

30 10 47.0° 5.8¢h 5.31%d 35.31°

Control 30 41.9¢7 5.50m 5.20%¢ 30.50%
anli 0 46.4° 5.5¢1 5.04¢ 34.03b
60 10 39.37 5.50m 48280 27.44%

30 42.4¢h 5.9¢f 5.472 29.77¢h

0 41.57 6.1>¢ 5.392 29.67¢h

90 10 39.9p 6.4 5.014 28.321*

30 41.987 5.94-F 5.40% 29.74¢h

0 37.7% 4.9 4 57mT 25.58m

0 10 40.7%° 5.68% 5.00%% 28.611

30 41.3"! 5.4k 4.48° 29.13F

0 38.05¢ 5.2m4 4.64 26.32!

Mild water 30 10 42,6 5.3k 5.08" 31.21¢
stress 30 39.6% 6.3%¢ 4790 27.48%
.o 0 38.3%u 6.3%¢ 4.70%p 26.46!

e A5 60 10 423fh 58t 5.100¢ 30.66¢%

30 40.8%° 575 4.66' 28.71M

0 41.3H 5.104 4.62mT 29.21%

90 10 41.8M 6.5% 492t 29.68¢h

30 4(0.9kn 5.4 4.74%0 28.8181

0 40.274 4.5 4 440 28.36'*

0 10 42 8°f 5.2mP 4.5pm< 30.684%

30 43.6% 6.0%F 4.12tw 31.46%

0 41.0k» 5.3k 451" 28.83Fi

moderate 30 10 4240 4.9 4.72 29.77¢
water stress 30 44.1% 5.8:‘; 4379 31.96°

s 0 42083 5.9¢ 4.81e" 29.83¢¢

el ey 60 10 4198 594 4.828m 29.76%

30 37.95 6.3%¢ 4420 25.45m

0 43.14 5.5hm 4,59t 30.96¢

90 10 4430 5.0m 4715 31.22¢

30 4208 5.3k 431 29.88¢f

0 37.1Y 47w 3.94vx 27.38k

0 10 37.7% 5.4k 3.83% 25.79'm

30 39.3 5.5hm 4,020 27.58k

0 4127 5.104 3.69% 29.11%

severe water 30 10 385 58 3.66% 26.38"

stress 30 4().8k° 6.5 4215 28.72Mi
PR 0 38.5% 6.04f 4.03wv 26.30!
Sl 60 10 4131 55e 410" 29.16%
30 40.4mp 4.9 3.93vx 27.97k

0 40.4m» 575 3.89wx 28.28*

90 10 38.0% 575 3.58Y 26.09"

30 37.2¢ 5.10- 3.70% 24.90™

Mean 40.90 5.63 5.05 28.42
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Table 3. Continued alsl .Y Jgus
_ als 5132 039 g 50 JouaS Sl JguoS 50 ydy olaas
ok 0395 Jyle weight of 1,000 alo 0 Slos Number of Number of seeds
Irrigation  Nitrogen Methanol seeds Seed yield capsules per plant per capsule
kg % gr gr
0 1.78% 697.29™1 22.00* 47.03°
0 10 2.32¢¢ 709.24%¢ 18.16° 58.980k
30 2.12™4 707.54%% 8.17mP 55.62¢"
0 2.22H 710.82%¢ 7.17P4 60.00%
30 10 2.059 708.30% 8.67k° 56.65>™m
Control 30 1.98% 703.99¢° 10.50¢* 53.73F°
Ll 0 2.28¢d 708.90%" 10.674¢ 55.23¢n
60 10 2.070 701.87°4 12.50¢ 55.68"
30 2.23H 699.705- 11.67¢¢ 53.508°
0 2.13mP 709.70%¢ 8.67%° 55.61¢"
920 10 2,117 715.40° 9.67% 58.980k
30 2.14m° 705.40¢™ 10.50%h 51.30%°
0 2.01% 712.20*¢ 9.17+ 62.88%4
0 10 2.14m° 708.41% 8.00™ 60.43"
30 1.75% 710.822d 6.80% 61.53%¢
0 2.13mp 702.95%» 5.67 56.93b-m
Mild water 30 10 2.359f 703.57%° 5.80™ 57.55%1
stress 30 2.15m° 704.94¢™ 9.50¢" 58.920k
o 5 0 1.97% 707.98* 9.50¢" 61.96"
N 60 10 2.38%¢ 700.61™4 11.30% 54.59¢°
30 2.035m 707.72% 9.17+ 61.70f
0 2.16M" 695.23p4 9.17in 49.21m°
920 10 2.19im 702.75%P 9.67% 56.730m
30 2.27¢1 704.08¢%° 9.92F 58.06"!
0 2.09°% 704.37¢" 7.80°4 58.35%k
0 10 2.23Hk 701.12"-4 8.67%° 55.10%"
30 2.025" 704.23¢° 8.30" 58.21%k
0 2.16m° 709.77%¢ 11.674 63.75%
moderate 30 10 2.36¢F 713.97% 8.00““q 67.95°
water stress 30 2.400d 709.45%F 9.67%k 63.43%¢
g i 0 2.46% 704.33¢" 8.30" 58.31%k
60 10 2.47% 707.27%% 10.80¢f 61.25%h
30 2.07° 699.48k4 9.67%k 53.46M°
0 2.24i 697.98™4 8.00™4 51.96°
90 10 2.31Fh 703.82¢- 9.30"m 57.80%!
30 1.96" 706.45"! 9.67 60.43
0 2.16m™° 700.35 7.30P9 54.33%°
0 10 2.05™ 702.03¢4 8.17mP 56.01%"
30 2.24i 696.15°P4 8.31mP 50.13%°
0 2.09°% 700.67 10.674¢ 54.65%°
severe water 30 10 1.95Y 699.12%9 10.30¢* 53.10™
stress 30 2.43%¢ 700.95"4 8.00™4 54.93¢n
Wl 0 2.25Mi 699.10"9 8.80° 53.08™
) 60 10 2.32¢8 701.80¢4 7.177 55.78"
30 2.32¢8 701.2284 7.80° 55.204n
0 2.14m° 701.43%d 10.80¢f 55.414n
90 10 1.80% 694.454 7.674 48.43m
30 2.17kn 699.17"4 7.177 54.15¢°
Mean 2.12 706.20 16.11 47.03

A, (gl gme gl a3 O Jlais | e jo STl 0395) olesl p cdiiaes alie By (glls A e Ske eiw ;o 40
Means with the same letter(s) in each column are not significantly different at 5% probability level using Duncan's
multiple range test.
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