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Abstract

Background and objectives: The increasing attention to the adverse effects of chemical
pharmaceuticals, compared with the relatively fewer side effects of organic herbal medications,
has sparked interest in the cultivation of medicinal plants. Low soil fertility, resulting from
continuous chemical fertilizer application, has become a major challenge to the sustainable
agricultural production of medicinal plants. The complementary application of zeolite, organic,
and biological fertilizers represents an effective fertilizer management strategy and a practical
approach to reduce dependency on chemical fertilizers.

Methodology: To evaluate the effects of biological, zeolite, organic, and chemical fertilizers
under different irrigation regimes on the yield, yield components, and physiological traits of
Dragon's Head (Lallemantia iberica), a split-plot experiment based on a randomized complete
block design with three replications was conducted under the climatic conditions of Urmia
(37°44' E, 45°10' N, 1320 m elevation) during the 2016-2017 growing seasons. The main factor
consisted of three irrigation levels (75%, 50%, and 30% of field water capacity, FWC), and the
subplots included twelve fertilizer treatments: control (without fertilizer, F1), Glomus
intraradices (F2), vermicompost (F3), NPK (F4), zeolite (F5), mycorrhiza + vermicompost
(F6), vermicompost + NPK (F7), mycorrhiza + zeolite (F8), mycorrhiza + NPK (F9), zeolite +
vermicompost (F10), zeolite + NPK (F11), and mycorrhiza + vermicompost + zeolite (F12).
Data were analyzed using SAS 9.2, and mean comparisons were performed using the LSD test
at P >0.05.

Results: Analysis of variance (ANOVA) revealed that different irrigation regimes, fertilizer
treatments, and their interactions significantly affected plant height, number of branches, plant
fresh weight, plant dry weight, flower weight, number of nut goals per cycle, number of seeds
per flower cycle, number of flower rotations per plant, inflorescence length, 1000-seed weight,
seed vyield, biological yield, relative leaf water content (RWC), chlorophyll index (SPAD),
ascorbate peroxidase (APX), superoxide dismutase (SOD), malondialdehyde (MDA), and
proline content in Dragon's Head. Antioxidant enzyme activities, including APX and SOD, as
well as compounds such as proline and MDA, increased significantly under enhanced water
stress. Conversely, vyield, yield components, chlorophyll index, and RWC decreased
significantly under water deficit. The highest grain yield, biological yield, 1000-grain weight,
number of flower rotations per plant, number of nut goals per cycle, number of seeds per flower
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cycle, flower weight, inflorescence length, plant dry weight, plant fresh weight, number of
lateral branches, plant height, chlorophyll index, and RWC were observed in the treatment
irrigated at 70% FWC combined with mycorrhiza + vermicompost + zeolite (F12). The greatest
MDA and proline levels were observed in the treatment irrigated at 30% FWC combined with
mycorrhiza + zeolite (F8). This integrated treatment not only produced a satisfactory yield but
also substantially reduced chemical fertilizer use, representing a step toward healthy production
and sustainable agriculture. Vermicompost, mycorrhiza, and zeolite treatments outperformed the
control and chemical fertilizer treatments in yield.

Conclusion: The results indicate that integrated fertilizer application, particularly the triple
combination of mycorrhiza, vermicompost, and zeolite under different irrigation regimes, can
enhance the yield and yield components of Dragon's Head while reducing chemical fertilizer
use, thereby contributing to sustainable agricultural production.
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Figure 1. Annual temperature and precipitation during the 2016-17 crop year in Urmia city
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Table 2. ANOVA of irrigation and fertilizer effects on Lallemantia iberica traits

M.S.
Aerial
S.0.V. d.f. Plant height Number of lateral Number of leaves Leave_s fresh parts
branches weight fresh
weight
Block (B) 2 28.71" 2.78"™ 1402.71" 49415.25™ 24.38™
Irrigation (1) 2 108.66™ 20.83™ 680.48™ 58836.34™" 81.89™
Error (a) 4 0.67 0.76 11.88 465.77 1.15
Fertilizer (F) 11 37.54"™ 6.83" 660.74™ 260371.03"  102.73™
IxF 22 2.83" 0.56™ 24.66™ 2619.80"™ 5.10"
Error (b) 66 0.82 0.12 16.91 3234.61 1.19
C.V. (%) 3.26 5.50 6.22 4.99 3.98
Aerial Number of Number of Number of floral
S.0.V. d.f. partsdry Flower fresh weight achenes per seeds per whorls per plant
weight floral whorl floral whorl
B 2 1.18™ 2551.03"™ 5.33" 51.16" 583.84"
I 2 2.75" 24125.07" 164" 200.08™ 842.27"
Error (a) 4 0.18 872.99 0.04 7.74 36.35
F 11 1.42™ 9159.11" 7.29" 111.18™ 74347
IXF 22 0.14™ 475.41" 0.17" 8.24™ 28.72"
Error (b) 66 0.04 257.92 0.09 1.22 12.58
C.V. (%) 6.15 9.82 5.96 5.10 5.47
SOV i Inflorescence length IOOOI—grian G.rain Biol.ogical Relative water
weight yield yield content
B 2 38.60" 0.66™ 199.12™ 3022.99™ 75.85"
I 2 40.91" 0.89™ 190.50™ 1469.92" 215.78™
Error (a) 4 4.09 0.01 3.75 19.34 5.52
F 11 7.46™ 0.82" 255.12™ 1459.27™ 80.47"
IxF 22 0.45™ 0.05" 11.23™ 43.89" 4.92™
Error (b) 66 0.16 0.01 2.36 11.38 1.92
C.V. (%) 2.99 3.12 2.28 1.46 2.54
SOV. df. Clorophyll FO FV/FM FV FM
index
B 2 25.02" 19137.56™ 0.148™ 17204.84 667197.28"
I 2 87.96" 14346.12" 0.026"™ 15876.45 204013.48"
Error (a) 4 0.18 342.87 0.004 1858.09 18810.34
F 11 52.917 474404 0.001™ 7394.67" 24905.56"
IxF 22 1.61" 302.89™ 0.0002 "™ 115.10™ 1033.58"™
Error (b) 66 0.48 221.49 0.0003 174.76 1341.30
C.V. (%) 2.02 5.33 2.34 0.98 2.29
S.0.V. d.f. Ascorbate peroxidase Superoxide dismutase Malondialdehyde Proline
B 2 77.30” 41.88" 0.023" 24.12™
I 2 89.52" 38.86" 0.022" 37.67"
Error (a) 4 0.43 0.04 0.003 0.17
F 11 28.54” 14.04™ 0.006™ 16.41™
IxF 22 1.001™ 0.35" 0.001™ 0.54™
Error (b) 66 0.27 0.15 0.0003 0.14
C.V. (%) 6.39 5.06 20.56 6.61

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively; FO: Initial fluorescence, FV: Variable fluorescence, FM:
Maximum fluorescence, FV/FM: Maximum quantum yield of photosystem 11.
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Table 3. Means comparison of different irrigation and fertilizer treatments effects on Lallemantia iberica traits

Leaves fresh

Irrigation Number of leaves weight FO FM FV FVIFM
75% FC 70.22% 1171.42% 259.79° 1599.36™ 1345.69% -
50% FC 66.50° 1151.49° 278.22° 1675.58° 1366.507 -
30% FC 61.55° 1093.59° 299.64% 1525.03° 1324.50° -
Fertilizer treatment
F1 51.22" 681.83¢ 263.44™ 1498.11° 1301.89' 0.872°
F2 63.67° 1145.11% 248.89' 1594.67¢ 1329.89¢ 0.838
F3 60.44™ 1092.59° 256.2291 1546.00° 1315.33" 0.855%®
F4 56.899 1070.07" 275.44%F 1542.56° 1311.33" 0.854%®
F5 61.67° 1090.31 249.67" 1581.67¢ 1338.89™ 0.851%®
F6 76.22° 1248.20° 268.33%9 1639.33" 1364.22° 0.837™
F7 70.78° 1171.86% 285.89% 1605.21% 1347.32¢F 0.844"
F8 68.22% 1207.79% 278.77% 1667.67® 1379.44° 0.832°
F9 65.89% 1174.94% 300.00° 1605.00% 1346.11° 0.844%
F10 67.44°° 1195.89¢ 299.89™ 1631.11° 1359.67¢ 0.838™
F11 66.89% 1171.72% 316.89° 1609.56™ 1352.21¢¢ 0.845"
F12 83.78° 1415.73 307.00%® 1679.00° 1400.44° 0.839

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test); F1: Control (without fertilizer), F2:
Myecorrhiza (Glomus intaradices), F3: Vermicompost, F4: NPK, F5: Zeolite, F6: Mycorrhiza + Vermicompost, F7: Vermicompost + NPK, F8:
Mycorrhiza + Zeolite, F9: Mycorrhiza + NPK, F10: Zeolite + Vermicompost, F11; Zeolite + NPK, and F12: Mycorrhiza + VVermicompost + Zeolite;
FO: Initial fluorescence, FV: Variable fluorescence, FM: Maximum fluorescence, FV/FM: Maximum quantum yield of photosystem 1.
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Table 4. Means comparison of irrigation x fertilizer interaction on Lallemantia iberica traits

Number of . .
_— - . Aerial parts fresh  Aerial parts  Inflorescence  Flower fresh
Irrigation  Fertilizer Plant height lateral . . .
branches weight dry weight length weight
F1 25.434 5.47"° 21.67% 3.16™ 12.03"° 113.57°9
F2 28.12f" 6.37%7 30.10%f 3.859 13.97°" 200.80°*
F3 27.37%1 6.20%* 28.13%% 3.56%% 13.30" 172.83"
F4 28.01"" 6.50" 27.021M 347" 13.77%9 164.479"
F5 26.66™ 5.83" 23.57° 3.15™ 13.07™ 140.90%°
F6 30.63° 7.13%" 32.20™ 4.41° 15.10° 229.10%
7S%FC F7 31.10™ 7.40% 30.87"¢ 3.90%f 15.17° 217.27%
F8 29.08%f 7.07%" 30.39% 3.86%f 14.67"¢ 184.73%9
F9 30.09%¢ 7.70¢ 29.61%9 3.71%9 14.93% 195.97¢f
F10 29.85%¢ 7.30% 28.45" 3.60°1 14.40"¢ 171.93"
F11 29.74%¢ 8.43° 27.274M 3.54" 14.47"¢ 178.80°"
F12 35.82° .43 35.37° 5.03% 16.272 246.40%
F1 24.61'™ 5.07°%° 20.56" 2.84% 11.60™° 98.57%
F2 27.82% 5.57%° 29.17%1 3.54" 13.00% 178.37°"
F3 26.41% 5.40™° 27.101M 3.21kd 12.70™ 152.63M"
F4 25.664 5.40™° 22.61M 2.91°P7 12.10%" 136.60'°
F5 28.03"" 6.20%% 27.158M 3.55M 13.07™ 152.87""
50% FC F6 28.06"" 6.60”? 30.36% 3.74f_”h 13.13% 208.43"¢
F7 28.17™ 6.23%1 29.23%" 3.33"° 12.87%! 193.30°f
F8 30.43 7.47¢ 31.18"¢ 4.01¢ 13.90%f 207.40"¢
F9 27.22%1 6.37% 27.39H 3.247P 13.37" 164.779%
F10 28.93°f 7.47% 29,5547 3.54FM 13.73%9 177.43"
F11 27.34Y 6.70%9 27.81M 3.47M 13.77%¢ 163.77%!
F12 32.12° 8.03™ 32.53° 4.23" 14.90>¢ 221.03%¢
F1 22.96" 4.30° 18.65' 2.79" 10.43° 7733
F2 25.514 5.20™P 27.394 317" 11.62™° 144,931
F3 24.62'™ 4.93%4 24.77™ 2.80" 11.43™ 125.73™4
F4 23.89™ 4.67™ 19.89° 2.89°" 11.07° 114.77°9
F5 26.14K 573 25.85"" 3.40™" 12.201" 134.53™P
0% FC F6 26.52"* 5.90"™ 28.23%k 3.48%" 12.33f-" 154.87"™M
F7 25.524 5.40™° 26.66<™ 2.99°" 12.13 159.379™
F8 28.08"" 6.07%" 29.86%9 3.68% 12.83%! 151.53""
F9 25.28<™m 5.53"° 25.55"" 2.88P" 12.40™" 110.43
F10 26.28% 5.97"m 27.201M 3.39M" 12.77%! 147.83
F11 25.684 5.83" 24.87™ 3.20%¢ 12.60™™ 115.93%¢
F12 29.94%¢ 7.07%" 30.59°¢ 3.93%¢ 13.73%9 183.17%¢
F1 3.06° 16.00¢ 47.50™ 3.46™9 60.86"" 215.83%
F2 5.67%" 25.86"¢ 73.76"¢ 4.11% 70.61% 242.07%"
F3 5.30! 23.60%1 68.36%1 3.85Mk 66.10" 228.19"
S— F4 4.90%" 24.10%¢ 69.76°" 3.01" 67.26" 230.76"
F5 4.30° 18.80° 58.531 3.67KM 63.48™° 224.50™
F6 6.10% 27.37® 78.16%® 4.39™ 75.45% 248.98¢
F7 5.93%¢ 26.60™ 75.80™ 4.14% 72.97°f 246.56%

F8 5.73%9 25.80¢ 73.36%¢ 4.07%9 70.78%9 242.04%f
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Number of i .
_— - . Aerial parts fresh  Aerial parts  Inflorescence  Flower fresh
Irrigation  Fertilizer Plant height lateral . . .
branches weight dry weight length weight
F9 5.60°" 24.56°F 71.10%f 4.02%" 69.119" 233.1191
F10 5.20™™ 23.73¢ 67.73% 3.87™M 66.69" 229.801™
F11 5.20™™ 23.63¢1 66.33") 3.87™M 67.93M 232.63"M
F12 7.17° 29.00° 84.03° 4.64° 81.19° 265.01°
F1 2.96° 13.13" 42.13" 3.36% 59.61" 210.85"
F2 5.53°%1 22.93" 70.03%9 4.02%" 69.529" 238.13%"
F3 5.269™ 20.80™° 64.16M* 3.65"" 64.69"" 223.48"
F4 4.46™ 17.43 57.90' 3.59™P 63.35™P 217.86°
F5 4.86"" 22.13%™ 63.73™ 3.89%1 66.44" 228.401"
50% FC F6 5.77% 23.96%" 72.56%¢ 4.15% 73.21°¢ 243.53%¢
° F7 5.10"™ 21.83"M 68.20% 3.98°" 70.63™ 237.27%
F8 5.56%" 25.56%¢ 71.16% 4.22¢ 72.33%f 243.16%
F9 5.30" 20.50™° 63.56" 3.63™° 64.52"" 223.56"
F10 5.60%" 23.03% 67.06°" 4.09%f 67.64™ 230711
F11 5.46°%1 21.86™™ 63.30™ 3.89%1 66.27"! 223.78"
F12 6.60° 26.50% 75.70% 4.42° 77.54° 255.02°
F1 2.60P 10.06° 32.80° 3.11° 50.03° 200.28"
F2 5.36™ 20.93"" 66.86°" 3.85™« 67.58M« 23241+
F3 5.10"M 18.40° 60.56" 3.45%¢ 61.96%" 215.76%
F4 4.20° 13.83" 49.90™ 3.22° 59.94% 206.06°
F5 4.56™ 21.03k" 60.40" 3.70M 65.06K™ 224.04"
30% FC F6 5.50% 21.93"m 67.93% 4.01%" 70.91%°9 239.09°"
° F7 4.80™ 19.26™P 60.50"" 373 66.97" 227.24%"
F8 5.269™ 23.63%1 67.70% 4.12% 71.09%¢ 238.71%9
F9 5.05M 17.66 58.86" 3.43% 62.40™4 217.68°
F10 5.269™ 21.60"™ 62.63" 3.83" 65.43"™ 225.16'"
F11 5.23™m 19.26™P 59.96+ 3.65"" 63.45™° 214.69%
F12 6.16™ 24.86°f 70.30°f 4.24%4 73.70% 245.71%
F1 52,720 32,123 0.039™ 4.25° 4.82" 3.28°
F2 56.61°f 36.30°f 0.055"™ 6.09" 6.51™P 4.68"™P
F3 54,727 34.33" 0.043'™ 4.92" 5.88¢ 3.70"
F4 55.84%9 35.13%% 0.043'™ 5.37% 6.03% 3.67°
F5 54.89%) 34,45 0.049kM 5.63% 5.29P 3.97%
. F6 57.86% 37.93° 0.064™™ 7.56%™ 7.61M 5.61"
TS%FC F7 58.79" 37.14% 0.057™m 6.74™P 6.41°¢ 4.79™
F8 57.51% 36.74%¢ 0.072Fm 8.09" 7.82N 5.94%k
F9 57.38°°¢ 35.68%" 0.061"™ 6.50% 6.44%4 4.85™°
F10 56.28%9 35.44" 0.069™™ 7.37%" 6.92"° 5.14""
F11 56.19%9 35.47% 0.067™™ 6.78™P 6.65™° 4.59™
F12 63.22° 40.82° 0.087% 9.10"" 8.89% 6.33%9
F1 48.96M 31.05%¢ 0.050%™ 5.549 5.86¢ 3.73°
F2 54.87" 36.18%9 0.073" 7.67¢ 7.72M 5.43%M
50% FC F3 52.89"™ 32.58°" 0.056™ 6.18%¢ 6.65™° 4.36°¢
F4 52.11"° 32,5207 0.047km 6.19°¢ 6.45™4 4.12°"

F5 5453 34.00"° 0.062"™ 7.714 7.15M 4.84™°




[\ Foslad PV s o) e 5 o)l oLS Slades aslilas
Number of i .
_— - . Aerial parts fresh  Aerial parts  Inflorescence  Flower fresh
Irrigation  Fertilizer Plant height lateral . . .

branches weight dry weight length weight

F6 56.56" 37.21% 0.096%" 9.11" 8.78%f 6.64%

F7 55.684" 35.267 0.067™™ 7.76" 718 5.60"

F8 56.61°f 36.79“ 0.103%9 10.31% 9.02% 7.83°

F9 53.31"M 33.26™° 0.070%9™ 7.49%" 7.18I" 5.72%"

F10 55.10%" 34.77M 0.087% 9.01"" 8.08%" 6.29%"

F11 54.049" 34.17%" 0.078%% 7.89 7.31" 5.71™

F12 60.59° 39.77° 0.115% 11.42° 10.07° 8.32°

F1 4279 28.23% 0.062"™ 6.66™" 6.80"° 4.10°"

F2 52.35K° 35.01M 0.107% 9.58%¢ 9.03% 6.17%1

F3 50.25% 30.35" 0.072m 7.73%" 7.68" 5.441M

F4 47.80° 29.66" 0.065™™ 7.03"° 7.06%" 4.69™P

F5 53.21FM 32.78M 0.105%f 9.87°f 8.54%9 6.06°7

0% FC F6 54.03¢%" 35.74%¢ 0.144% 10.86 9.81™ 8.16°

(1) . .

F7 53.36"™ 32.98%4 0.084% 8.85%" 8.17™ 6.74

F8 55.694" 35.66°" 0.203? 12.78° 10.30° 9.89°%

F9 50.44"P 30.96 0.079%% 8.58™ 7.81M 6.37%

F10 54,119 33.36™P 0.103%9 11.12% 9.21% 7.71°

F11 51.32™P 31.62 0.093% 9.17™ 8.09%" 6.66%

F12 57.96% 38.05° 0.174° 14.34° 12.322 8.74°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test); F1: Control (without fertilizer), F2:
Myecorrhiza (Glomus intaradices), F3: Vermicompost, F4: NPK, F5: Zeolite, F6: Mycorrhiza + Vermicompost, F7: Vermicompost + NPK, F8:
Mycorrhiza + Zeolite, F9: Mycorrhiza + NPK, F10: Zeolite + Vermicompost, F11; Zeolite + NPK, and F12: Mycorrhiza + Vermicompost + Zeolite
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