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Abstract

Introduction: Drought stress arises from an imbalance between soil water evaporation and the
availability of moisture, triggering a cascade of morpho-physiological and biochemical changes in
plants that impair their growth, development, and productivity. Among the most detrimental impacts
of drought is the diminished uptake of essential nutrients, which leads to deficiencies that exacerbate
plant stress and reduce agricultural yields. As global populations continue to rise, ensuring food
security under the pressures of climate change—including increasingly frequent and severe
droughts—requires innovative, sustainable, and cost-effective agricultural practices. Modern
strategies such as the application of soil amendments like zeolite and biochar have emerged as
promising tools to mitigate drought-induced stress. These amendments enhance soil water retention,
improve nutrient availability, and bolster plant resilience, offering a practical approach to sustaining
crop productivity in water-scarce environments. By improving soil health, water-holding capacity, and
nutrient uptake, these methods not only support plant growth under adverse conditions but also
contribute to long-term agricultural sustainability, addressing the urgent need to adapt to climate
variability. This study was designed and conducted to investigate the effects of biochar and zeolite
organic fertilizers on the morphophysiological characteristics of safflower under drought stress
conditions.

Materials and Methods: The study was conducted during the 2022-2023 growing season at the
Agricultural Research Institute of Zabol’s research farm, as split-factorial design within a randomized
complete block framework, replicated three times. The main factor consisted of three irrigation levels
based on field capacity (FC): 100% (well-watered), 75% (moderate stress), and 50% (severe stress).
Sub-factors included factorial combinations of zeolite and biochar, each applied at three levels: 0%
(control), 2.5%, and 5% of the soil’s bulk weight. These treatments were designed to assess their
influence on agrophysiological traits under varying water availability. Data collection encompassed a
range of parameters, including plant height, leaf area, chlorophyll content, seed yield, and oil
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percentage. Statistical analysis was performed using SAS software (version 9.1), with mean
comparisons conducted at a 5% significance level using the Least Significant Difference (LSD) test.

Results and Discussion: The findings revealed that drought stress significantly reduced total leaf
chlorophyll content. A triple interaction (drought stress x biochar x zeolite) significantly influenced
multiple traits, including plant height, leaf area, number of secondary branches, inflorescences per
branch, thousand-seed weight, relative leaf water content, carotenoid levels, seed yield, and oil
percentage. Mean comparisons highlighted that the highest seed yield was achieved under moderate
drought (75% FC) with a combination of 2.5% biochar and 5% zeolite, suggesting an optimal balance
of water conservation and nutrient enhancement. Conversely, the maximum oil percentage was
recorded under full irrigation (100% FC) with 5% biochar and 5% zeolite, reflecting the synergistic
effect of these amendments in well-watered conditions. The highest carotenoid content was observed
under 100% FC with 2.5% zeolite and biochar, indicating improved photosynthetic efficiency. These
results underscore the capacity of biochar and zeolite to mitigate drought-induced declines in
morphophysiological traits and yield components by enhancing soil moisture retention and nutrient
availability.

Conclusion: This study demonstrates that reduced soil moisture adversely affects safflower’s
morphophysiological characteristics and seed yield. However, the application of biochar and zeolite
effectively counteracts these negative effects, particularly under intensified drought conditions. By
improving water retention, nutrient uptake, and plant resilience, these amendments offer a viable
strategy for sustaining crop productivity in arid and semi-arid regions. The findings advocate for the
integration of biochar and zeolite into agricultural practices as a sustainable solution to enhance food
security and adapt to climate change challenges.
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Table 4-Analysis of variance (ANOVA) of some morphophysiological traits and yield of safflower under drought stress, biochar, and
zeolite treatments

Mean of Squares e yo (115l
oy sl ol il olaw )ls Slos  Jud ks © ]
e ®EW, e ails ;3 S 59 . < . R
Olpdi @i 77 _ Gl asly e o i g, l8 FSEE gy e,
&l LS Sy Yooo ails Sy . ]
S.0V o <P No. Carotenoid *~° Total Qil
Plant Leaf - Seed Chlorophyll i
. No. sub-inflorescences 1000 . Py Relative ppenole percentage
height area seed yield total water
branch per branch ]
weight content
LSS . - " - " - "
Lo 0.16" 119.008™ 10.75 0.11 7.01™ 51056 2.23™ 1095 270.6 17.09™ 13.60™
Replication
Drought 2 1277 1560™ 159" 4.59™ 33.75" 2514760 53.016" 153"  250.85" 21.94™ 402.35™
stress (D)
Jol sl
E 4 007 56.42 5.8 0.82 7.37 137204 0.48 262 104.2 79.91 39311
a
e - " " " - - . . " - "
i 0.26™ 14.808™ 48.9 15.59 15.86" 1367353 10.26 135 411.26 4491 92149
Biochar (B)
. 0.094™ 43.21 111 2.25 3.52 419916 22.24 396™  107.22 8.1™ 17748™
Zeolite (2)
DxB 4 018" 7.88" 1977 2.96" 19.83™ 299234" 2.35" 38™ 120.72™  255™ 25564
DxZ 4 013" 533 2698 1.46™ 21.28™ 441975 217" 25.17" 374.83" 882" 2066™
BxZ 4 057 15.89™ 1657 15" 16.32™ 441190" 1.33™ 76.05™ 105.67° 91.7" 2575™
DBxZ g 017" 12651™ 204" 1.94" 12.24™ 481449™ 048**  291.36" 359.4™ 251" 35143™
p3o sllas
Eb 483 191 0.22 7.8 0.85 7.27 91745 0.83 7.58 35.8 12.3 960
CV(%) - 714 1553 7.67 14.22 9.43 10.74 0.53 4.62 3.62 6.81 11.8

Aoy So g i Jleil maw )8 ls e BB 5 lo pixe IS g0y o iy s g 8 NS

ns, *, and **: indicate no significant difference, significant difference at the 5% probability level, and significant difference at the 1%
probability level, respectively
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Table 5- Means comparison of some qualitative traits of safflower under drought stress, biochar, and zeolite treatments

L s A a5l olaxy 39 TS sl
e o y3) ylegu #EE ™ <58 Ly wls Hl3 (59
Drought ( o) Plant
T . Leaf area No. No 1000-seed
stress ) (o> height . ] .
(%FC) Biochar Zeolite (cm) (cm®.cm?) branch inflorescence per weight(g)
per plant branch

0 67.19 1295 ° 6.0¢ 11.0« 37.95°

25 79.0° 1380 ¢ 6.5° 12.1° 38.80°

796f 1400°¢ 6.5° 12.0¢ 40.422

25 0 78.1 1520°¢ 5.0¢ 11.0 37.23°

100 25 25 88.04 1720 5.6° 11.1° 39.59%

25 5 88.9¢ 1630° 6.0 15.0° 40.27 2

5 88.04 1637 ° 6.5° 12.0° 40.36 ®

5 25 105.02 19156° 9.02 15.1° 44.0°

5 5 107.17 1830 9.12 19.92 40.10%

0 0 65.09 700 f 6.0 ™ 15.1° 34.80°

0 25 85.1¢ 705 f 8.5 18.0 % 35.63 %

0 89.0¢ 799 ¢ 6.2 15.0° 37.39%

25 0 86.9 ¢ 897¢ 55¢ 11.0 36.49%

75 25 25 91.0¢ 938 % 6.1% 11.1¢ 34.80°

25 5 95.1° 1064 ¢ 6.5° 14.0% 31.59°

5 0 88.94 1080 ¢ 6.1 15.9° 33.08°

5 25 90.0°¢ 1164 « 6.4° 15.0° 37.18%

5 5 88.9¢ 1298 ¢ 7.0° 15.1° 35.41%

0 0 58.1" 5639 41° 9.5¢ 19.00f

0 25 81.0¢ 580 9 6.0 11.0« 19.89f

0 85.1¢ 5519 55¢ 12.0°¢ 20.15f

25 0 85.9¢ 5739 6.0 ™ 10.0¢ 23.11°

50 25 25 85.9¢ 590 ¢ 6.1 11.5¢ 25.74¢

25 5 87.1¢ 597 9 6.0 12.1° 27.16 ¢

0 80.0 % 603 7.0° 12.0°¢ 28.24

25 80.9% 624 7 7.0° 10.1¢ 30.17 ¢

5 5 91.1° 620 8.0¢% 13.0% 31.02°¢

35,15 w0 bl e glis ao po iy Jledl gl 10 LSD (ygel bl s aslie gy (sl (slonSilee (5w 5o 40
In each column, the averages with the same letters do not have a significant difference based on the LSD test at the five percent probability

level.
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Table 6- Means comparison some morophysiological traits and yield of safflower under drought stress, biochar, and zeolite

treatment
VT, e s . s o .
s aoyd) 0o 3) o Slos b s dudgidg,ls o ol (g 9y ey
Drought (oo (o> Yield Chlorophyll total Carotenoid Relative water Qil
stress (kg hal) (mg.gt FW) (mg.gt FW) content (%) percentage
(%FC) Biochar Zeolite

0 0 1320° 9.63¢ 0.94 66.58 “ 25.32°

25 1418¢ 10.78 ¢ 2.32° 70.55% 26.72°

0 5 1450¢ 10.52 9 2.34° 68.71° 26.48 °

25 0 1430°¢ 10.67 o 0.80% 71.38° 27.72%

100 25 25 1457 ¢ 10.93 *¢ 2642 70.52 29,542
25 5 15209 11.71%® 1.82¢% 71.43%® 25.74°

5 0 1432 ¢ 10.61 >F 1.84¢¢ 74.11° 26.52 b

5 25 1447¢ 11.30 % 2.13% 68.52° 28.82°

5 5 15984 12432 2.14% 69.74° 32.79¢

0 0 1490 % 8.26 ik 2.09 ™ 68.0°¢ 18.64

0 25 1573¢ 9.60 ¢ 1.269 66.4< 19.71
0 5 1652 9.70 ¢ 1.49f 65.1¢ 20.18%

25 0 1680 9.22 193¢ 63.02¢% 21.94°¢

75 25 25 1720 ¢ 10.14 9 1.63° 61.8¢ 23.74¢
25 5 1960° 9.54 ¢ 1.63¢ 60.7 ¢ 22.6¢

5 0 1830° 9.07 Mk 150f 60.3° 25.4°

5 25 1856° 10.80 ¢ 1.239 63.0 % 28.3%

5 5 1900 10.97 ¢ 1.18" 65.0¢ 3182

0 0 560' 4.89m™ 1.071 51.0f 10.99

0 25 581" 7.90 4 1.05° 498f 12.11

0 5 592 hi 8.74 Mk 1.007 48.37 1437

25 0 590" 8.24 i 0.98} 49.0° 15.0f

50 25 25 603" 9.42 ¢ 0.87% 50.0f 15.8f
25 5 632" 9.93 ¢ 0.85k 431" 16.5¢

0 689" 6.730" 0.734 41.8" 17.31%

25 691" 7.95 M 0.69' 42.35h 17.5¢%

5 7899 9.60 +i 0.60' 43.0" 18.79¢

35,05 w0 bl e glis ao po iy Jledl gl 0 LSD (ygel bl s aslie gy sl (slonSilee (5w 5o 40
In each column, the averages with the same letters do not have a significant difference based on the LSD test at the five percent probability

level.
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Figure 1- The interaction effect of drought stress x biochar on total phenole content
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