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Abstract

Background and purpose: The Peganum hamala L. medicinal plant belongs to the
Nitrariaceae family and is a native species of the Peganum genus in Iran. P. hamala possesses a
wide range of unique biological and medicinal properties due to its valuable secondary
metabolites like flavonoids, alkaloids, anthraquinones, and volatile oil compounds. Despite the
widespread distribution of P. hamala in northern Iran, limited studies were conducted on this
plant species adapted to arid and semi-arid ecological conditions. Therefore, in this regard, one
of the goals of this research is to evaluate the ecological impact and the effect of fixed latitude
and different geographical longitudes of the growing place along with the rhizosphere on some
structural and yield traits of P. hamala under nine altitude gradients located in Mazandaran.
Methodology: To investigate the effect of ecological factors on the structural traits (wet and dry
weight of vegetative organs, fresh and dry weight of root, dry matter percentage of vegetative
organs, dry matter percentage of root, arch, plant height, plant canopy area, diameter and length
of root, and maximum length of stem and crown) and yield traits (fruit diameter, fruit yield, fruit
weight, seed weight, average number of seeds, number of fruits, and percentage of seeds in the
fruit) of P. hamala, samples of whole plants in the seeding stage were collected from nine
different altitude gradients in regions of Khatirkoh (700 and 1000 m), Chahardangeh (1300,
1500, 1700, and 1900 m), and Gadook (2100, 2300, and 2500 m), with three replications along
with the substrate soil in a completely random design.
Results: Based on the results of the analysis, yield traits show a positive correlation with
atmospheric Based on the analysis, yield traits are positively correlated with atmospheric
factors. Furthermore, among the structural traits, stem vegetative traits are positively correlated
with precipitation, evaporation, and radiation at the probability level of 5%. They also have a
negative correlation with relative humidity at 1%. The increase in height above sea level causes
an increase in humidity and a decrease in temperature in the Gadook and Khatirkoh areas. In
contrast, it causes decreased humidity and temperature in the Chahardangeh area. Also, crop
yield decreases with increasing altitude in all three regions. The maximum yield of the product
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is observed at 2100 m and 1500 m altitudes. The increase is due to increased silty materials,
moisture, EC, and pH. The altitude slope shows a positive correlation with grain yield at 1%. In
each region, as height above sea level increases, the root length and diameter increase and
decrease, respectively. Stem and root vegetative traits show a negative correlation with seed
traits. Also, canopy level with plant height and maximum plant stem arch were positively
correlated with plant yield at the 1% probability level. In general, based on the results, by
increasing the height gradient from sea level, decreasing the temperature, and increasing the
humidity and nutrients of the soil, there is a decrease in vegetative growth and an increase in
crop Yyield. According to the performance feature regression model, as elevation increased, the
amount of sand and clay, organic matter, and evaporation increased. This led to an increase in
yield with a 60% determination factor. According to the regression model used, the effect of soil
factors is higher than weather and climate. Therefore, climate factors change for this plant at a
fixed latitude.

Conclusion: According to the results of examining the structural and yield traits of the collected
P. hamala ecotypes, yield traits increase with the increase in altitude gradient, the amount of
sand and clay, organic substances, evaporation, and decrease in temperature. On the other hand,
vegetative traits decrease. Therefore, the Gadook region population is introduced as the superior
ecotype with maximum yield traits among these studied regions in Mazandaran province.

Keywords: Espand (Peganum harmala L.), evaporation, radiation, drought, seed, structural
and yield traits, organic substances.
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Table 1. Geographical characteristics of Peganum harmala ecotypes studied

Region Altitude (m) Longitude Latitude

. 700
Khatirkuh

1000 53°59'16 E 35°59'16 N

1300
1500
Chahardangeh 1700
1900

36°24'35" E 35°26'55 N

2100
Gadook 2300 52°55'43" E 35°49'54" N
2500

'
¢

Chahardangeh May Gadook August
Peganum harmala g s oS andlas 5, 50 o S1-Y K2

Figure 1. Peganum harmala ecotypes studied
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Table 3. Soil characteristics supporting in different altitude gradients of Peganum harmala ecotypes studied

Region Altitude Sand Silt Clay ©OC OM H EC TNV N P K
o (m) () () (%) (%) (%) P us.cm?) (%) (%)  (ppm) (ppm)
. 700 46 32 22 2.98 5.14 8.31 1.27 1450 0.18 11.00 313
Khatirkuh
1000 46 33 21 1.71 2.95 8.20 1.09 550 011 9.00 281
1300 20 40 40 0.58 1.01 8.44 0.65 41.00 0.04 550 250
1500 64 28 8 0.16  0.27 8.34 230 10.00 0.02 400 138
Chahardangeh
1700 28 45 27 0.29 0.50 8.35 191 39.00 0.03 550 145
1900 30 36 34 0.13 0.23 8.55 041 3850 0.03 6.00 199
2100 60 24 16 0.66 1.14 8.55 0.97 4150 0.03 6.00 253
Gadook 2300 35 41 24 2.24 3.86 8.27 085 2250 012 11.00 270
2500 40 42 18 2.04 3.53 8.40 0.71 3850 0.11 17.00 282
TNV: Total neutralizing value, OM: Organic matter, OC: Organic carbon
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Table 4. Pearson correlation between structural and yield parameters of Peganum harmala with
ecological factors

Structural and yield traits

Ecological Root Root Plant Root Seed Cano Arch Plant Max stem  Eruit Product
. py . s ui .
parameter diameter length dry matter dry . . height yield
infruit  (cm?  (cm) (cm) number
(mm) (cm) (%)  matter (cm) (g.hat)
Temperature  9x 012 0305 014 054** 026 -002 -0.25 0.09 032 038
(°C)
Relativewet 419 002 0411* 017 015 026 005 015  -058% 022 0.9
(%)
Rain (mm) -0.20 0.11 0 -0.21 0.35 -0.05 0.01 -0.29 0.42* 0.13 0.19
Sun hours(h) -0.20 0.11 -0.005 -0.21 0.34 -0.05 0.01 -0.29 0.43* 0.12 0.19
Evaporator
-0.20 0.11 -0.005 -0.21 0.34 -0.05 0.01 -0.29 0.43* 0.12 0.19
(mm)
Structural and yield traits
Ecological Fresh  Fresh  Fruit Fruit  Seed _ Plantdry
Root dry Collar . . . Seed Empty fruit .
parameter . plant root  diameter weight weight . weight
weight (g) (mm) . iah number weight (g)
weight (g) Weight  (mm) (9 (@ )
Temperature
) -0.17 0.03 -0.24 -0.162 0.47* 0.43* 0.70** 0.53** 0.35 -0.09
°C
Relativewet 19 008  -037 -0206 -0.42% -028 -024  -0.36 0.35 -0.28
(%)
Rain (mm) -0.02 0.08 0.02 -0.007  0.63** 0.52** 0.71**  0.65** 0.08 0.10
Sun hours (h) -0.02 0.08 0.03 -0.004  0.63** 0.52** 0.71**  0.65** 0.07 0.10
Evaporator
(mm) -0.02 0.08 0.03 -0.004  0.63** 0.52** 0.71** 0.65** 0.07 0.10
mm

*and **: significant at 5 and 1% probability levels, respectively
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Table 5. Pearson correlation between structural and yield parameters of Peganum harmala with soil and

altitude factors

Structural and yield traits

Ecological Root Root  Plant oot dry Seedin Cano Plant Max Eruit Product
i ui
parameter  giameter length 9 matter _ Zpy Arch (cm) height  stem yield
matter fruit (cm?) number B
(mm) (cm) (%) (cm) (cm) (9.ha)
(04)
Altitude -0.46* 0.13 0.47*  0.12 0.62** -0.52** -0.14 -0.22 -0.41*  0.41* 047*
Sand (%) -0.09 -0.12 -0.38*  -0.27 0.35 0.17 -0.14 -0.01 0.02 0.15 0.31
Silt (%) -0.06 -0.09 0.53** 0.18 -0.37 -0.16 0.09 0.16 -0.13 -0.3 -0.25
Clay (%) 0.18 0.24 0.20 0.28 -0.27 -0.14 0.15 -0.10 0.04 -0.20 -0.30
OC (%) 0.40* -0.09 -0.03 0.27 -0.48* 0.20 0.02 0.33 -0.37 -0.09 -0.16
OM (%) 0.40* -0.09 -0.03 0.26 -0.48* 0.20 0.02 0.33 -0.37 -0.09 -0.16
pH -0.09 0.47* 0.03 0.07 0.56**  -0.33 -0.29 -0.48*  -0.09 0.01 0.17
EC (uS.cm?) -0.07 -0.47*  -0.07  -0.37 -0.23 0.45* 0.16 0.32 0.46* 0.18 0.10
TNV (%) -0.07 0.29 0.30 0.15 0.24 -0.38*  -0.18 -0.44* 3-0.02 0.10 0.11
N (%) 0.43* -0.078  -0.05 028  -0.55**  0.23 0.03 0.37 -35 -0.17  -0.25
P (%) 0.10 0.06 0.12 0.19 -0.12 -0.16 -0.28 0.08 -0.58** -0.17 -0.20
K (%) 0.41* 0.14 -0.20 0.26 -0.25 0.00 -0.09 -0.03 -0.33 -0.21  -0.18
Structural and yield traits
. Fresh  Root Empt
Ecological  Root dry _ Fruit  Fruit Py Plant dry
. Collar weight of fresh . . eed Seed  capsule .
parameter weight . diameter weight | . eight
(mm) the plant weight weight (g) number weight
© @ @ ™ @ 9
Altitude -0.25 0.05  -0.53** -0.26 0.09 0.08 0.36 0.20 0.35 -0.36
Sand(%) -0.05 -0.02 0.12 -0.05 0.15 -0.24 0.04 0.26 -0.15 0.04
Silt(%) -0.16 -0.14 -0.29 -0.16 -0.10 0.40* 0.09 -0.12 0.46* -0.17
Clay(%) 0.19 0.13 0.03 0.20 -0.16 0.07 -0.12 -0.31 -0.10 0.07
OC (%) 0.19 0.06 0.16 0.18 -0.75** -0.56** -0.82** -0.69** -0.14 0.09
OM (%) 0.19 0.06 0.16 0.18 -0.75** -0.56** -0.82** -0.69** -0.14 0.09
pH 0.13 0.34 -0.02 0.13 0.28* 0.09 0.43* 0.42* 0.05 0.05
EC (uS.cm?) -0.18 -0.26 0.10 -0.17 0.33 0.53** 0.10* 0.52** 0.18 0.10
TNV (%) 0.07 0.34 -0.12 0.08 0.29 0.34 0.40* 0.28 0.32 0.02
N(%) 0.20 0.02 0.17 0.19 -0.73** -0.52** -0.81** -0.67** -0.19 0.09
P (%) -0.03 0.43 -0.11 -0.05 -0.39* -0.37 -0.44* -0.40* 0.31 -0.13
K (%) 0.31 0.25 0.25 0.30 -0.64** -0.74** -0.87** -0.79** -0.24 0.16

TNV: Total neutralizing value, OM: Organic matter, OC: Organic carbon

*and **: significant at 5 and 1% probability levels, respectively
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Table 6. ANOVA of altitude effects on structural and yield traits of Peganum harmala

S.0.V. d.f. Canopy (cm?) Arch (cm)

Product Root

Plant height(cm) Max stem (cm)  Fruit number yield length

(9.ha™) (cm)

Altitude 8 45231062.00** 39.58" 119.29** 821.08** 155735.92**  78929.005 161.76**
Experiment 18 2671.24 4.20 6.04 12.38 85.59 54.04 4,74
C.V. (%) 28.33 24.70 18.14 19.48 28.96 29.70 21.34
Root
Empty fruit Plant dry weight Root dry weight Plant dry matter Root dry matter Seed in .
S.0.V. d.f. ) ] diameter
weight (g) ()] (%) (%) fruit
(mm)
Altitude 8 0.01** 3412.81** 3582.22** 118.86** 129.18ns 690.6258* 451.45*
Experiment 18 0 24.52 18.58 5.97 7.63 4.49 5.92
C.V. (%) 0 25.75 29.46 19.49 11.91 8.83 26.09
SOV Root fresh  Plant fresh weight Fruit diameter  Fruit weight Seed weight Seed Collar
o weight (g) ©) (mm) ) @) number  (mm)
Altitude 8 77607.61** 5534.13** 1.95%* 5.86** 0.87** 20556** 2057.31*
Experiment 18 89.42 25.00 2.81 2.43 0 0 15.06
C.V. (%) 27.14 27.60 2.88 1.11 0 0 27.80

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively
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Table 7. Means comparison of altitude effects on structural and yield traits of Peganum harmala

Structural and yield traits

Region Altitude  Weight fresh  Weight dry  Fruit diameter Weight fruit Weight ~ Seed  Root length
(m) plant (g) plant (g) (mm) (9) seed (g) number (cm)
700 537.602 240.692 8.69" 1.209 0.30" 452f 20.33%
Khatirkuh
1000 308.00% 78.772 9.82f 1.50f 0.70f 4509 17.5020
1300 501.60? 177.492 9.819 1.80¢ 0.80¢ 439N 23.11%
1500 338.70% 33.692 10.522 2.50P 1.60P 606° 16.662
Chahardangeh
1700 235.10° 79.292 10.46° 5.702 1.9-2 6252 12.83P
1900 156.60° 102.212 10.01® 2.20¢ 1.50¢ 563¢ 31.332
2100 372.30% 178.612 10.04¢ 1.80¢ 1.20d 5514 22.67%
Gadook 2300 167.10° 96.26° 8.12i 1.00 0.509 3861 16.27°
2500 233.90° 45.222 10.17¢ 2.00¢ 1.204 533¢ 24.33%
Structural and yield traits
Region Altitude  Empty fruit Plant dry Root dry Rootdry  Plant  Seedin Root
(m) weight (g)  weight (g) weight (g)  matter (%)  dry  fruit(%) diameter
700 0.50¢ 136.272 165.50 26.48P 69.488 2500 44.53¢
Khatirkuh
1000 0.50¢ 70.97% 54.672 23.17° 61.65% 46.67f 18.77°
1300 0.60° 132.732 115.732 26.57° 58.79% 44.449 28.33®
1500 0.60° 89.87% 17.232 26.230 51.97b 64.00¢ 11.47°
Chahardangeh
1700 0.60° 86.67% 51.872 38.88°2 65.25% 33.33" 19.11°
1900 0.50¢ 53.70° 72.802 34.72% 72.002 68.182 14.70P
2100 0.50¢ 108.502 124.472 26.62° 64.27% 66.67° 21.18
Gadook 2300 0.50¢ 64.972 69.072 40.872 72118 50.00° 17.61°
2500 0.702 70.80% 28.972 32.21% 61.62% 60.00¢ 15.58P

Structural and yield traits

Region Altitude Plant height ~ Maxstem  Fruit  Product Collar
Canopy (cm?)  Arch (cm) .
(m) (cm) (cm) number  Yield (mm)
700 180172 17.33» 41.662 60.33%d 141.70%  35.42° 62.91%
Khatirkuh
1000 8483bc 17.33» 30.66%°¢ 71.67% 107.00¢ 49.93° 36.19%
1300 10950%¢ 17.66% 29.330¢ 78.67% 108.70¢ 48.30° 58.942b
Chahardangeh

1500 139402 16.66% 38.00% 70.33+c  360.70" 30 g3 20.88°

ol
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Continued Table 7. ...

1700 11013%¢ 19.66° 35.00% 86.33  499.70"  1p6.56" 46.51%
1900 3867°¢ 15.332 30.66%°¢ 44679 197.00¢4  134.32° 49.23%®
2100 7733 16.00% 23.33¢ 73.33%® 604.30%  402.892 85.732
Gadook 2300 9600%¢ 23.332 42.00? 48,33« 777.00%8  388.50° 39.74%®
2500 4283° 9.66° 29.00b¢ 38.33d 108.70¢ 65.20° 51.40%®
In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 2. Comparison of average plant structural traits, arch, maximum stem length and height of
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Figure 3. Comparison of average structural traits, fresh and dry weight of Peganum harmala in altitude gradient
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Figure 4. Comparison of average Structural trait, root length of Peganum harmala in altitude gradient
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Figure 5. Comparison of average structural trait, area of the canopy of Peganum harmala in altitude gradient
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Figure 6. Comparison of averages structural traits, crown and root diameter traits of Peganum harmala in
altitude gradient
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Figure 7. Comparison of percentage of product yield of Peganum harmala in 9 altitude gradient (700-2500m)
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Table 8. Correlation between structural and yield parameters of Peganum harmala plant

Plant fresh Root fresh  Fruit Fruit Seed Seed Fruit PlantdryRootdry P(;ant Root

d Seedsin Max plant
weight  weight diameter weight weight number weight weight weight

Fruit Root  Root
fruit Canopy  Arch

Max stem Product yield length diameter

height number Collar

matter matter

Plant fresh 1
weight
Root_fresh 0.478* 1
weight
Fruit diameter ~ -0.070 -0.261 1

Fruit weight ~ -0.196 0195  0.605** 1

Seed weight ~ -0.335 0324  0836** 07997 1
Seed number  -0.187 0235  0.835** 0.743** 0938** 1

Fruitweight ~ -0.039 0274 0520 0376 0.419* 0.963 1

Plantdry —  gopwx 0595 0073 0069 0226 0115 0006 1
weight

Rootdry o a71x  0gog** 0276 0204 0329 0241 029 0586 1
weight

plant dry

-0.504**  -0.029 -0.190 0303 0205 0060 0061 -0221 -0.017 1
matter

erl‘;;‘:? 0019  0425* -0444* 0099 -0218 0234 -0395% 0137 0464 0383 1
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Cotinued Table 8. ...

. . . Plant  Root - .
Plant'fresh Root_fresh _Frwt Fr'wt Sged Seed Fr_wt PIaqtdryRoo_tdry d dry Seedgln Canopy  Arch Max_plant Max stem Fruit Product yield Root _Root Collar
weight weight diameter weight weight number weight weight weight fruit height number length diameter
matter matter

Seedsinfruit  -0.351 -0.257 0.395*  -0.195 0410* 0332 0081 -0329 -0247 -0025 -0.145 1

Canopy 0.439* 0.406* 0223 0001 -0242 -0109 -0123 0477 0385* -0139 -0159 -0.494** 1

Arch 0.121 0.172 -0.385* 0046 -0178 -0263 -0.391* 0190 018 0177 0154 -0.293 0.401* 1

plant height 0.049 0.139 -0454* 003 -0239 -0207 -0129 0110 0240 0231 0100 -0400* 0613** 0317 1

Max stem 0.389* 0.156 0.302 0420 0194 0200 -0050 0.384* 0146 -0246 -0191 -0.313 0.395*  0526**  -0.097 1
Fruit number  -0.134 0.092 -0.236 0127 0107 0031 -0242 0005 0115 0287 0305 0.116 0113  0555**  0.255 0.179 1
Product yield  -0.103 0.111 0153 0032 0117 0064 -0269 0014 0137 0177 0259 0360 0057  0442*  0.146 0128  0.943** 1

Root length ~ -0.015 0.348 0.063 0242 -0003 0003 -0041 -0008 0346 -0.072 0260 0.327 0308 -0216  -0.299 0286  -0.216 -0.113 1
Root diameter  0.616**  0.785**  -0355  -0.189 -0460* -0.319 -0.202 0.606** 0.793** -0.131 0458* -0.531** 0428*  0.056 0.216 0.095 -0.096 -0.140 0.109 1

Collar 0406* 0777 0056  -0084 -0.111 -0.049 -0117 0.525** 0.800** 0.074 0522** -0.021 0.049 0.124 -0.117 0.173 0.200 0.272 0305 0627 1

*and **: significant at 5 and 1% probability levels, respectively.
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Table 9. Parameters estimated by linear models fitted to the studied Structural and yield traits of Peganum harmala

Parameter Regression model F. Sig. R?

Fruit diameter Y=10.66-0.00 (X1)+0.02 (X2) — 1.85 (X3)+ 0.50 (X4)+ 0.39 (Xs)+ 0.20 (Xs)+ 0.00 (X7) — 0.00 (Xs) 1.19 0.00 1.00

Plant fresh weight Y= (582.34+89.54) — (159+0.05) X 9.81 0.00 0.28

1

Max height (17.0445.47) . Y= (311.42+100.88) — (33.19+12.04) X 7.60 011 023
3 9

Canopy Y= (18526.82+3074.23) — (5.26+1.75) X 9.05 0.00 0.26

1
Material dry Y= (4.5246.96).51+0.19) X + (0.00£0.00) X 7.94 0.00 0.39
10 1

Fruit number Y= (-23.86+162.70) — (149.62+43.22) x * (0.21+0.09) % 5.06 0.03 0.6
6 1

Seed number Y=1277.90-0.15 +6.47 —22.45 - 71.76 +941 +221 —2.82 -0.16 8.71 0.00 1.0

X 1 2 3 4 5 6 7 8

Y= (16750.1566089.22) + (27.31+8.91) | +(4L80£14.95) +(288.62£9312) . - (1938.80+533.55)  +(0.2020.12)
2 11 3

Product yield 9 5.11 0.00 0.69
+(0.57+0.15)
8 X1
Root long Y= (28.02¢311) - (6.6422.45) 731 001 022
4
Max stem Y= (2477.38+684.98)- (209.24+60.02) . +(0.41#0.15) _ +(0.05+0.01) _, 53 000 070
Weight fruit Y=17.94-000 , +004  -103  +085 _ +021 _ -032_ -003_ -0.00 395 000  1.00
g X1 X2 X3 4 Xs X6 X7 Xsg

Xi: Altitude, X;: Sand, X3: OC, X4: EC, Xs: TNV, Xg: P, X7: K, Xs: Evaporetor, Xq: pH, Xyo: Silt, Xy1: clay
F: Test statistics Sig: Possibility R? : Coefficient of Determination
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