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Abstract

Background and objectives: Cumin, as a medicinal and spice plant, holds a special position
in the agricultural systems of arid and semi-arid regions, including Iran. Despite the high
potential of cumin, its cultivation faces serious challenges that can limit its production and
overall productivity. Although this plant is adapted to relatively arid conditions, it is highly
affected by environmental stresses, particularly water deficit stress. A precise understanding of
cumin’s response to water deficit stress and identifying efficient approaches to enhance its
tolerance are essential for the sustainable development of cumin cultivation in vulnerable
regions. Therefore, the present study aimed to investigate the effects of irrigation levels, humic
acid, wheat gluten protein, and Bacillus bacteria on the medicinal plant cumin.

Methodology: An experiment was conducted over two consecutive crop years, 2021-2022
and 2022-2023, at the research farm of the University of Gonabad. The experimental design was
a split-plot arrangement in time based on a randomized complete block design (RCBD) with
three replications. Three irrigation levels-full irrigation (50% evaporation from the evaporation
pan in mm), low irrigation (70% evaporation from the evaporation pan in mm), and rainfed
irrigation- were assigned to the main plots. Foliar application of humic acid, wheat gluten
protein, application of Bacillus bacterium, and a control (no supplemental input) were assigned
to the subplots. In both growing seasons, data were recorded at the end of the period, at the
onset of seed ripening, and at the drying of the plant’s aerial parts. From each plot, five plants
were randomly selected from the middle rows to measure various morphological and yield-
related traits, including plant height, number of branches per plant, leaf and stem weight, root
weight and length, leaf weight, number of umbels and umbellets per plant, seed number and
seed weight per plant, and 1000-seed weight. For biochemical and essential oil analysis, seeds
were shade-dried under ambient conditions after harvest. Once dried, the essential oils were
extracted from the samples using standard procedures. Experimental data were analyzed using
SAS version 9.4, and treatment means were compared using Duncan’s multiple range test.

Results: Application of all evaluated eco-friendly inputs increased plant height, branch
number per plant, and leaf and stem weight compared to the control treatment. Under low
irrigation conditions, application of Bacillus and humic acid resulted in a 44% and 49% increase
in stem weight per plant, respectively, compared to the control. Foliar application of wheat
gluten protein under rainfed conditions increased the number of umbels per plant by 41%
compared to the control. Seed weight per plant under low irrigation increased by 49% and 52%
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following the application of Bacillus and humic acid, respectively, compared to the control
treatment. The highest amount of y-Terpinene-7-al (21.35%) was obtained under humic acid
foliar application, and foliar application of protein under full irrigation increased p-cymene
content by 28% compared to its application under rainfed conditions.

Conclusion: Overall, the findings of this study indicate that under optimal irrigation
conditions (50% evaporation from a Class A pan), the highest quantitative and qualitative yields
of cumin can be achieved. Otherwise, low-irrigation regimes are recommended over rainfed
irrigation. The results also demonstrated that the use of eco-friendly inputs under drought stress
conditions was effective in reducing losses associated with water deficit stress.

Keywords: Essential oil components, drought stress, growth-promoting rhizobacteria, organic
acid, no supplemental irrigation.
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Table 1. Meteorological information of the research region

Crop year 2020-2021

Crop year 2021-2022

April May  June July August September April May June July  August September
Rainfall (mm) 0 495 0.5 05 0 0 11 22.7 0 0 0 0
Mean temperature (°C) 19.2 235 305 309 29.7 26.8 19.1 24 27.1 23.6 29.5 245
Maximum temperature (°C)  26.4 36.5 424 428 39.7 38.8 34.1 36.3 40.9 42.2 42.1 37
Minimum temperature (°C) 3.3 13 189 17.2 16.7 154 3 114 13.6 19.7 16.6 13.6
Evaporation (mm) 259.4 282.1 460.3 4342 404.2 348.1 233.2 313.2 409.6 4793 4291 327.3
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Table 2. Experimental soil characteristics

Texture K (mg.kg™?) P (mg.kg™)

N (%)

Organic C (%) pH EC (dS.m™)

Loamy-sandy 103 8

0.019

0.19 8.2 4.3
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Table 3. ANOVA of irrigation and nutrition effects on some growth and yield characteristics of Cuminum cyminum

M.S.
Number Number
Leaves Stems Roots Number Number Seeds 1000- . .
S.O.V. d.f. Plant of . . . Root . Seed Biological ~ Harvest
. weight weight  weight per of umbles of seeds weight seed . . .
height branches length umbellets . yield yield index
per plant  per plant plant per plant per plant  per plant weight
per plant per plant
Block 2 733 045"  0.007™  001™  *0.0009 0.77™ 30.91" 0.06™ 0.27™ 012" 006"  12047.82" 33448.19™  29.95
Irrigation (I) 2 131.85 4.26 0.14 1.31 0.009 39.26 2021.07 0.92 3.24 9.16 0.89 1555933 5897587  229.03
Nutrition Kk Hk * Kk Kk * *k *k *k * Kk * *k
) 3 20.04 2.52 0.01 0.07 0.002 3.64 263.69 0.31™ 1.31 0.73 0.11 16963 78124 40.13
IxN 6 0.68™ 018™  0008™ 001"  0.0009" 1.06™ 65.79 0.22™ 0.25™ 022" 051" 9068"™ 20497™ 3750
a Error 22 1.62 0.20 0.004 0.005 0.0001 1.48 6.16 0.15 0.10 0.03 0.04 6021 17055 14.71
Year (Y) 1 1056.08 0.64™ 0.02 0.01™ 0.02 179.07 44.18"™ 20.94 0.74 0.82 0.51 225918 1785198 403.73
IxY 2 20.60 0.65 0.01™ 0.10 0.0008 7.38 18.61™ 0.67 0.64 0.58 1.70 284636 1393930 3.35"
NxY 3 2.90™ 0.58 0.003™  0.02 0.0008 5.89 19.00™ 0.25™ 0.37 0.09 0.50 24102 113775 21.82™
IXNxY 6 3.08™ 0.20™ 0.006™  0.006™  0.0006 2.11™ 6.72" 0.41 0.16"™ 0.04™ 0.19 7489™ 21901™ 24.19
BlockxY 2 1.45"™ 0.32™ 0.002™  0.008"  0.0006 0.33™ 2.28" 0.04™ 0.26"™ 0.01™ 0.06™ 1325™ 11252™ 9.22"
b Error 22 1.49 0.19 0.005 0.003 0.0001 1.08 14.09 0.16 0.12 0.03 0.03 4147 17229 8.27
C.V. (%) - 6.57 1253 39.91 16.39 21.12 16.28 19.86 11.15 8.49 18.45 4.73 16.04 15.34 6.23

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 4. Means comparison of some growth and yield characteristics of Cuminum cyminum affected by nutrition

Irrigation Nutrition
Trait Full Deficit No-supplemental Gluten Bacillus Humic Control
irrigation irrigation irrigaiotn protein subtilis acid
Plant height (cm) 20.90° 18.61° 16.21° 19.56° 18.88° 18.78° 17.08°
Number of branches per plant 3.01° 3.60° 3.07° 3.78° 3.65° 3.72° 2.97°
Leaves weight per plant (g) 0.25% 017" 0.10° 0.19% 0.19% 0.19% 0.13"
Stems weight per plant (g) 0.63* 0.34° 0.16° 0.39° 043 0.40° 0.29°
Roots weight per plant (g) 0.07* 0.05° 0.03° 0.06° 0.05° 0.06% 0.04°
Root length (cm) 7.62° 6.47" 5.07° 6.78 6.39%° 6.61° 575
Number of umbles per plant 28.36° 18.31° 10.03° 20.89° 21.46° 20.02° 13.23°
Number of seeds per plant 4.59% 417" 3.86° 4.35° 4.45° 4.21° 3.83°
Seeds weight per plant (g) 1.65° 0.86" 0.43° 1.03° 1.16% 1.03° 0.69°
1000-seed weight (g) 3.97° 3.96° 3.63° 3.81° 3.03% 3.01° 377"
Seed yield (kg.ha™) 691.93°  295.00° 217.19° 426.48° 406.09° 41587°  357.05°
Biological yield (kg.ha') 142185  643.33" 500.95° 927.01° 84495  879.12°  770.43°
Harvest Index (%) 49.34° 45.86" 43.18° 44.90° 48.28° 4591°  4541°

In each row and for each factor, means with common letters are in the same statistical group at 1% probability level (Duncan test).
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Figure 1. Means comparison of stems weight per plant (a), roots weight per plant (b), number of umbels per
plant (c), seeds weight per plant (d), 1000-seed weight (e), and harvest index (f) of Cuminum cyminum affected by

irrigation x nutrition

Means with common letters are in the same statistical group at 1% probability level (Duncan test).
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Figure 2. Correlation between seed yield and biological yield in Cuminum cyminum affected by irrigation x
nutrition
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Table 5. Analysis of variance (mean of squares) of some qualitative characteristics of cumin affected by different
irrigation levels and nutritional sources

S.OV. df. . . M.S._ . ,
B-pinene p-cymene y-Terpinene Cuminic aldehyde y-Terpinene-7-al Oil
Block 2 0009 0.017%* 0.02" 0.11™ 001 0.09™
Irrigation (1) 2 762 16.46%* 532 299 4144 0.03™
Nutrition (N) 3 230 2.11% 8.00 418" 16.42" 0.09™
IxN 6 2.81"™ 1.38%* 778" 3.95™ 1076 0.02™
a Error 22 0.0004 0.001 0.001 0.33 0.0003 0.09
Year (Y) 1 59858  110.88** 102.05 274.09 267.69 13.05
IxY 2 3917 5.37%* 57.64 60.57 088" 0.32™
NxY 3 8.45 160 1268 6.58 471" 0.02™
IXNXY 6 6.27 146 859 463" 2037 0.10™
BlockxY 2 0.0002"™ 0.0008™ 0.0009™ 0.58"™ 0.0009™ 0.05"™
b Error 22 0.0004 0.0008 0.0008 0.34 0.0003 0.06
C.V. (%) - 0.14 0.36 0.11 4.42 0.05 11.45

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 6. Mean comparison of some qualitative characteristics of cumin affected by different irrigation levels and
nutritional sources

irrigaiton nutrition
B-pinene (%) 14.39% 13.74 13.26° 14.09% 13.41° 13.58° 14.11°
p-cymene (%) 7.36° 6.72° 5.72° 6.83" 6.33° 6.29 6.96°
y-terpinene(%) 25.38° 25.66” 26.30° 26.66° 2553°  2508°  25.86"
cuminic aldehyde (%) 13.52° 13.37° 12.85° 12.56° 13.24° 13.55" 13.62°
y-terpinene-7-al (%) 35.30% 34.94° 32.87° 33.29" 3514°  3521°  33.84°

In each row, for each factors of irrigation levels and different nutritional sources, means with at least on letter in common, are not significantly
different from each other at the 5% probability level
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Figure 3. Interaction effects of different irrigation levels and application of eco-friendly inputs on p-cymene (a),
v-terpinene (b), and y-terpinene-7-al (c) of cumin
Means with at least one letter in common are not significantly different from each other at the 5% probability level
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