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Abstract
Background and objective: One of the most critical factors influencing the production of
agricultural products is the proper nutrition of plants. In addition to its positive role in increasing
guantitative yield, it also affects the quality of various products. Roselle (Hibiscus sabdariffa
L.) is a medicinal plant and an annual, short-day, self-fertilizing species sensitive to cold and
frost. More than 300 Roselle species exist worldwide; like other plants, their growth and yield,
both quantitative and qualitative, can be influenced by genetic factors and environmental
conditions. Moreover, due to the importance of the quality of extracted compounds in all types
of medicinal plants, greater care is required when using chemical fertilizers. This study was
conducted to develop a suitable integrated nutritional program using organic and biological
fertilizers to replace chemical fertilizers in Roselle cultivation.
Methodology: The field experiment was conducted using a randomized complete block design
with three replications in Jiroft during the years 2021-2022 and 2022—-2023. The experimental
treatments included 14 nutritional sources: control (T1), inoculation with arbuscular mycorrhizal
fungi (T2), application of Azospirillum (T3), simultaneous application of arbuscular mycorrhizal
fungi + Azospirillum (T4), 100% recommended poultry manure (Ts), 100% recommended
chemical fertilizer (Tg), 50% poultry manure + 50% recommended chemical fertilizer (T7), 50%
poultry manure + arbuscular mycorrhizal fungi (Ts), 50% poultry manure + Azospirillum (Ty),
50% poultry manure + arbuscular mycorrhizal fungi + Azospirillum (Ti), 50% chemical
fertilizer + arbuscular mycorrhizal fungi (T11), 50% chemical fertilizer + Azospirillum (T1),
50% chemical fertilizer + arbuscular mycorrhizal fungi + Azospirillum (T13), and 25% poultry
manure + 25% chemical fertilizer + arbuscular mycorrhizal fungi + Azospirillum (T14). Planting
was done on June 12, and harvesting took place on December 1 in both years. Traits measured
included wet and dry yield of Roselle sepals, anthocyanin content of sepals, and Hunter’s color
indices (L*, a*, and b*). Additionally, to evaluate color quality and purity, three indices-hue
angle (degrees), chroma, and redness—were assessed. Data analyses were performed using SAS
v. 9.1, and means were compared with Duncan’s test.
Results: The findings showed significant differences among fertilizer treatments for all traits.
The highest Roselle sepal yield was obtained from 50% poultry manure + Azospirillum (Tg) and
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50% poultry manure + 50% chemical fertilizer (T), with a 55% increase compared to the
control (T1). The highest dry sepal yield was also observed in 50% poultry manure + 50%
chemical fertilizer (T-), with no significant difference from 50% poultry manure + Azospirillum
(To). The highest anthocyanin content, with increases of 36.26% and 34.97% over the control,
was recorded in poultry manure + arbuscular mycorrhizal fungi + Azospirillum (T10) and 50%
poultry manure + Azospirillum (Tg), respectively. These two treatments also produced the
maximum red-green color index values (25.292 and 24.960), color saturation (39.980 and
39.403), and redness (10.769 and 10.282), respectively.

Conclusion: The results indicate that combined nutritional treatments containing poultry
manure and biofertilizers can enhance both the quality and quantity of Roselle sepal yield.
Sepals from these treatments exhibited the highest values for the measured quantitative traits. In
color attributes, the highest values were also obtained from poultry manure and biofertilizer
combinations. Therefore, integrated nutritional treatments involving these fertilizers appear to
be a suitable alternative for reducing chemical fertilizer use while improving both the
guantitative and qualitative yield of Roselle.
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Table 4. Bartlett test (Chi-Square values) results for variance homogeneity of Hibiscus sabdariffa traits during two
consecutive crop years

Chi-Square
Sepal Sepal Sepal Lightness Blue- Chroma b/a Hue Redness
fresh dryyield anthocyani ()] Greenness  Yellowness angle
yield (kg.hat) n content (b (degree)
(kg.ha?) (umol.g*
dry matter)
Year 0.076"™  0.021m 3.28m 2.01ms 5.35" 1.76m  1.26™ 3.56m™ 3.47m

"s-and *: not significant and significant at 5% probability level, respectively.
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Table 5. Combined ANOVA of nutrition effects on Hibiscus sabdariffa traits during two consecutive crop years
M.S.
S.0.V. Sepal fresh yield Sepal dry yield Sepal Lightness Red- Blue- Chroma b/a Hue angle Redness
d.f. anthocyanin () Greenness Yellowness
content @ (o)
Year 1 524204.500" 2571.340" 0.010" 1.666™ 22.872" 0.203" 68.846 " 0.0003™  0.759" 0.015™
Block (Year) 4 1485797.162 969.462 0.001 3.843 3.201 0.021 9.397 0.0002 0.701 0.272
Nutrition 13 30932597.390"" 512720.571™ 0.031* 14.156™ 35.620™ 0.267" 104.483" 0.0042™  13.190™ 13.814™
Year x 13 452871.549™ 1997.513 ™ 0.002 M 2.637" 3.330™ 0.032" 10.110" 0.0002m 0.713™ 0.698 "™
Nutrition
Experimenta 52 834443.380 2236.541 0.002 3.233 3.463 0.036 10.595 0.0018 0.585 0.483
I error
C.V. (%) - 8.27 3.79 8.10 8.19 8.67 7.00 9.76 10.41 10.27 8.70
ns * and ™ not significant, significant at 5, and 1% probability levels, respectively.
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Table6. Means comparison of nutrition effects on Hibiscus sabdariffa traits during two consecutive crop years

Sepal fresh Sepal dry Sepal Lightness Red- Blue- Chroma b/a Hue angle  Redness
yield yield anthocyanin ()] Greenness  Yellowness (degree)
(kg.ha't) (kg.ha'®) content @ (")
(umol.g*t dry
matter)
Year
2021-2022 10962.7172 1252.6642 0.483° 22.0932 20.948° 2.682° 32.441° 0.1322 7.5372 7.9812
2022-2023 11120.7122 1241.5992 0.506? 21.8112 21.9912 2.7812 34.2522 0.129? 7.3472 8.008?
Treatment

T1 (Control) 6499.717" 874.5009 0.3859 24.080° 16.175¢ 3.155% 24.424¢ 0.1972 11.1542 5.1429

T2 (AMF) 8810.908¢ 888.800f 0.415% 23.352% 18.920¢% 2.901%¢ 28.947% 0.153° 8.725P 6.526"
T3 (AZ) 10298.6699 1029.050 0.431%9 23.205% 19.755%¢ 2.892¢ 30.390¢¢ 0.148 8.402¢ 6.833¢f

T4 (AMF+ AZ) 9399.683%¢ 1028.133f 0.465%f 22.758%¢ 20.2300¢ 2.852%¢ 31.180°¢ 0.141 8.046" 7.112¢F

Ts (100%PM) 13296.980% 1466.392¢ 0.577® 20.1840-d 23.550% 2.599pd 36.931% 0.112¢f 6.363¢ 9.127b

Te (100%CF) 11035.110°¢ 1225.675¢ 0.412f 23.5962 20.127bd 2.958% 31.033 0.148 8.401" 6.829¢f

T7 (50%PM+50%CF) 14252.062 1729.8422 0.544&¢ 21.279%4 22.940%°¢ 2.539% 35.823a¢ 0.111¢%f 6.314%f 9.049°
Ts (50%PM+AMF) 9891.475%9 1007.05f 0.518v 22,023 21.1810¢ 2.7290 32.816% 0.130b 7.426 7.762¢f
To (50%PM+ AZ) 14464.452 1656.233% 0.5922 19.005¢ 25.2922 2.375¢ 39.980? 0.094f 5.504f 10.7692
T10(50%PM+AMF+ AZ) 11989.27b¢ 1490.317¢ 0.6042 19.362¢% 24.9602 2.434¢ 39.403? 0.098¢f 5.625¢"  10.2822
T11 (50%CF+AMF) 9342.0251% 1003.933f 0.465%f 22,3524 20.835"¢ 2.748 32.231bd 0.133v 7.596 7.577¢f
T12 (50%CF+ AZ) 10655.330¢F 1320.183¢ 0.469¢f 22.209%4 22.186%4 2.718d 34,5402 0.123¢¢ 6.988¢¢ 8.188"¢
T13 (50%CF+AMF+ AZ) 11989.270% 1160.317¢ 0.491¢¢ 22.132%d 21.513%d 2.706¢ 33.3570 0.126% 7.169% 7.989%¢
T14 (25%PM+25%CF+AMF+ 13444.3802 1579.417° 0.5612°¢ 21.79124 22.914a¢ 2.6350 35.8012°¢ 0.115% 6.58141 8.749b¢

AZ)

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).

Control: no fertilizer and microorganism application, AMF: Arbuscular mycorrhizal fungi, AZ: Azospirillum, PM: poultry manure, CF: chemical fertilizer
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