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Introduction

Water is one of the most important environmental factors that has a significant impact on the growth and
development as well as the accumulation of active ingredients in medicinal plants. Low amounts of water during
plant growth stages can cause irreparable damage to the growth and development as well as the active
ingredients in plants. Irrigation interruption is a desirable solution for crop production under water shortage
conditions. In principle, plants selected for irrigation interruption should be resistant to water shortage stress and
its effects on growth and yield at different growth stages should be carefully examined. Soil nutrient
management is of particular importance in the production of medicinal plants. On the other hand, moisture
deficiency stress, as the most important factor limiting production, leads to a decrease in plant yield. Therefore,
this study aimed to investigate the effect of animal manure on grain yield, grain components, and essential oil
yield of black cumin (Nigella sativa) under irrigation interruption conditions.

Material and Methods

The experiment was conducted as a split-plot arrangement within a randomized complete block design
(RCBD) with three replications at the Research Farm of the Campus of Agriculture and Natural Resources, Razi
University, in 2022. The treatments included fully rotted sheep manure (0, 10, 20, and 30 t ha') as the main plot
and irrigation interruption (complete irrigation, interruption of irrigation from flowering stage, interruption of
irrigation from grain filling stage) as the subplot. The final harvest was carried out at physiological maturity
based on the observation of external symptoms, which included yellowing of the plants and lower leaves,
browning of the follicles, and blackening of the grains (due to moisture loss). The measured traits included plant
height, number of main branches, number of follicles, number of grains per follicle, 1000-grain weight, total dry
weight yield, grain yield, essential oil percentage, essential oil yield, and harvest index. In order to data analyze,
the SAS statistical software version 9.1 was used. First, the normality of the data was confirmed, the variance
analysis of the data was performed using the GLM procedure, and then the least significant difference test was
used to compare the means.

Results and Discussion

The interaction of manure application and irrigation interruption on yield and grain yield components was
significant. The highest 1000-grain weight (1.69 g), total dry weight yield (251.5 g m), grain yield (108.7 g m-
2), and grain essential oil yield (18.7 g m) and the lowest 1000-grain weight (1.39 g), total dry weight yield
(125.3 g m), grain yield (44.3 g m), and grain essential oil yield (8.2 g m2) were observed in the treatment of
30 ton ha of manure and complete irrigation, and the treatment of no manure application and interruption of
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irrigation from the flowering growth stage, respectively. The results suggest that higher rates of manure
application and irrigation enhanced black cumin grain yield by improving yield components, including the
number of grains per follicle and 1000-grain weight. Grain yield was positively and significantly correlated with
total dry matter yield, harvest index, number of follicles m™2, number of grains per follicle, and 1000-grain
weight.

Conclusion

In general, the results showed that in order to achieve maximum grain yield and grain essential oil yield, the
treatment of 30 ton ha* of manure and complete irrigation was better. However, under the application of 30 t
ha! of manure, no significant difference was observed between irrigation interruption at the grain-filling stage
and full irrigation. Therefore, irrigation can be terminated at the grain-filling stage without reducing grain or
essential oil yield, thereby decreasing overall water consumption in the field.

Keywords: 1000-grain weight, Essential oil, Number of follicles, Sheep manure
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Table 2- Physical and chemical properties of experiment soil at a depth of 0-30 cm
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Table 3- Analysis of variance of quantitative and qualitative traits of black cumin under the influence of different levels of
manure application and irrigation interruption
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Table 4- Effect of different levels of manure application on quantitative and qualitative characteristics of black cumin
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Table 5- Effect of different levels of irrigation interruption on quantitative and qualitative characteristics of black cumin
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Figure 1- The effect of manure application and irrigation interruption on the 1000-seed weight of
black cumin (LSD) = 0.03
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Figure 2- The effect of manure application and irrigation interruption on total dry weight
yield of black cumin (LSD) = 0.03
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Figure 3- The effect of manure application and irrigation interruption on grain yield of
black cumin (LSD) = 8.01



YV L ailsebw 0 ySles (5151 9 0 ,Shos (6 5LsT oS 9 o010 395 8 33315 T oawy 3 oo § golo codkan

25 - & Interruption of irrigation at flowering stage
< Interruption of irrigation at grain filling
= 20 - a Complete irrigation 179 187
= e
°©
12 15
a >
43
3 s 10 -
)
c
5]
a
L 5 -
0 -

01 05
Manure (ton ha'l)

Aol 41> uilw! 3,50es 3 (g kol &lad g 015 395 35,18 Wb —£ JSS
Figure 4- The effect of manure application and irrigation interruption on the essential oil yield of
black cumin (LSD) = 0.03
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Table 6- Correlation coefficients between yield and yield components traits of black cumin under different levels of manure
and irrigation interruption

Ol
. 1) ) ©)) 4) (®) (6)
Traits
&l > Slos 1
(1) Grain yield (g m?)
5 S 0y 2,8es 0.92" 1
(2) Total dry weight yield (g m?)
cuilsy asls "
2 el 0.89 0.50" 1
(3) Harvest index (%)
.- A ‘ .
ceye 2 Jp5dsh s 0.82" 0.43™ 0.83™ 1
(4) Number of follicles per m?
JoSdsd 5o il slaws . -
. . 0.91 0.11ms 0.61 0.45™ 1
(5) Number of grains per follicles
o lim i 0.78" 0.88" 0.71" 042" 057 1

(6) 1000-grain weight (g)
Lo yd S g doyd gy Jlain ] e )3 Yl e g Jl xepd s Sy FF4F NS
ns, * and **: non-significant, significant at the probability level of p<0.05 and p<0.01, respectively.
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