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Introduction

Phosphorus and potassium are two essential macronutrients that play significant roles in the growth, development, and
yield of rice (Oryza sativa L.). Phosphorus is vital for energy transfer, root development, nucleic acid synthesis, and
overall plant vigor. Potassium is involved in enzyme activation, osmoregulation, photosynthesis, and the translocation
of carbohydrates and nutrients. While nitrogen has traditionally been the primary focus in rice fertilization programs,
optimizing phosphorus and potassium application has gained importance, especially for newly developed rice varieties
with potentially different nutrient requirements. Rice is a staple food crop in Iran, with the northern provinces of Guilan
and Mazandaran as the major rice-growing areas. The introduction of the Anam rice variety has created opportunities to
enhance rice productivity per unit area due to its adaptability and high yield potential. However, limited comprehensive
research exists on the optimal phosphorus and potassium fertilizer rates for this variety under local environmental
conditions. Therefore, identifying the appropriate phosphorus and potassium needs to maximize growth, yield
components, and grain yield of the Anam variety in northern Iran’s rice-growing regions is essential.

Materials and Methods

A two-year field experiment was conducted during the 2020 and 2021 growing seasons at the Rice Research Institute of
Iran’s experimental stations in Rasht and Tonekabon. These sites represent typical agro-ecological conditions of
northern Iran with clay and loam soil textures, respectively, showing low to moderate fertility, especially regarding
phosphorus and potassium. The experiment was arranged in a factorial design within a randomized complete block
design (RCBD) with three replications. Treatments included four phosphorus fertilizer levels (0, 30, 45, and 60 kg
phosphorus pentoxide ha™') and four potassium fertilizer levels (0, 50, 100, and 150 kg potassium oxide ha™') applied in
all possible combinations. Phosphorus and potassium fertilizers were applied as basal fertilizers before transplanting
seedlings during land preparation. Nitrogen fertilizer was applied at 75 kg N ha™' as urea, split into two applications:
two-thirds basal and one-third at maximum tillering stage. Additionally, 20 kg ha™ zinc sulfate was broadcast evenly
and incorporated into the soil before transplanting in all plots. Standard crop management practices, including
irrigation, weed control, pest, and disease management, were carried out throughout the growing seasons.
Morphological traits such as plant height, total and fertile tiller numbers, number of panicles per square meter, and
filled/unfilled grain numbers were measured according to the International Rice Research Institute bulletin. For
measurements, ten hills were randomly sampled from each plot after border plants removal, and mean values were
calculated. Thousand-grain weight was determined by weighing 1000 randomly selected grains with a balance accurate
to 0.01 g. At maturity, harvesting was conducted on 4 m2 per plot after border plant removal, and grain yield were
recorded. Data were analyzed using SAS software (version 9.4) with combined analysis of variance, and means were
compared using LSD at 5% significance (P < 0.05).

Results and Discussion

Analysis of variance revealed significant effects of phosphorus and potassium fertilizer applications on agronomic traits
of the Anam rice variety, including total and fertile tiller numbers, panicles per square meter, filled grains per panicle,
and 1000-grain weight at the 1% significance level (P <0.01). The combined application of 60 kg P-Os and 150 kg K-O
ha™! increased total tiller number, fertile tiller number, panicles per square meter, filled grains per panicle, and 1000-
grain weight by 45%, 44.4%, 64.5%, 64.7%, and 55.8%, respectively, and decreased the number of unfilled grains per
panicle by 33.3% compared with the control treatment. The interaction between fertilizer treatments and location was
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significant for grain yield at P < 0.01. The highest mean paddy yields were recorded in the Rasht and Tonekabon
research fields under the combined application of 60 kg P-Os and 150 kg K-O ha™, reaching 5061.8 and 4909.0 kg ha™',
respectively. These yields correspond to increases of 75.2% and 47.7% compared with the control treatment, and
increases of 4.4% and 2.12% relative to the recommended chemical fertilizers treatment in the Rasht and Tonekabon,
respectively. These results indicate that optimal phosphorus and potassium fertilization positively influences growth and
yield across different environmental conditions and soil types. The improvements in yield components and grain yield
are attributed to the synergistic roles of phosphorus and potassium in plant physiology. Phosphorus promotes root
growth and energy metabolism, increasing tillering and panicle formation, while potassium activates enzymes and
regulates osmotic potential, enhancing photosynthesis and assimilate translocation, which supports grain filling and
increases grain weight. Therefore, the combined application of 60 kg P.Os and 150 kg K-O ha™ is recommended to
maximize the productivity of the Anam rice variety.

Conclusions

This two-year field study demonstrated that phosphorus and potassium fertilization had significant and synergistic
effects on the agronomic performance and grain yield of the Anam rice variety under northern Iran’s agro-ecological
conditions. The combined application of 60 kg P-Os ha™ and 150 kg K-O ha™ consistently improved key yield
components including total and fertile tiller numbers, panicle density, filled grain number, and 1000-grain weight. This
fertilization regime produced the highest grain yields in both Rasht and Tonekabon, proving its effectiveness across
diverse soil types and environments. The observed benefits are due to the complementary functions of phosphorus and
potassium in root development, energy metabolism, enzyme activation, and assimilate translocation. Thus, the
combined application of 60 kg P-Os ha™! and 150 kg K-O ha™' is recommended as the optimal fertilization strategy to
maximize the productivity of the Anam rice variety in northern Iran’s rice-growing regions.
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Table 1: Chemical properties of the studied farm soil before land prepration

EC Organic Total Absorbable  Absorbable
Place pH (ds.m) Soil texture Sand Silt Clay Cartbon Nitrogen potassium  phosphorus

' (%) (%) (mg.kg")  (mgkg?)
Rasht 711  0.45 Silty Clay 12 41 47 1.4 0.13 198 10
Tonekabon 6.99 0.52 Clay Loam 34 41 25 3.6 0.2 118 5.4
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Table 2: Composite analysis of rice agronomic traits during 2020-21

Plant TOtf'i| number Nur_nbe_r of Number of l\_lumber (_Jf Nur_nber of _ _

S.0.V. df height of tillers per fertile tillers  panicle per  filled grain unfilled grain Paddy yield
hill per hill square per panicle per panicle

Location 1 21941.2" 794.3" 717.1" 49625.7" 9537.5™ 24.3" 3246849.1"
Year 1 221.6" 136.7" 123.5™ 74928.7 15030.1"" 35.7" 775223.5"
L(Y) 1 6830.2"  3.4m™ 3ns 205.6" 39ns 0.1m 1346813.9™
R(LxY) 8 174.2 4.3 3.9 5995.2 506.3 8.8 132193.8
P 3 1654.9™  107.4™ 96.9" 41073.7" 8230.7™ 15.5™ 6469700.5™
K 3 235.2" 56.1" 50.7" 48726.2™ 9960.6™ 16.1" 6251567.3"
PxK 9 722.3™ 8.6™ 7.8 3198.6™ 657.7" 69.5™ 344848.2™"
LxP 3 722.3™ 143" 12.9" 1415.9™ 261.9m 0.7ms 394952.7"
LxK 3 3099.3™  30.5™ 27.5™ 8589.4™ 1714.8™ 4 1304338.5™
LxPxK 9 218.4™ 0.8m™ 0.7 2138.5M™ 431.1™ 1ns 374613.1"
YxP 3 26.1m™ 1.8™ 1.6 1116.5™ 234ns 0.5 136633.8™
YxK 3 107.9" 8.9m 4.8m 1556.5" 322.5M 0.7m 48223.1™
Y xPxK 9 61.5™ 1.4 1.2m 481" 102.5™ 0.2 69856.1"
LxYxP 3 44 .4 1.9m 1.7m 4.9 1ns 0.002" 87614.9™
LxYxK 3 93.6" 3.7m 3.3m 49.3m™ 9.7m 0.02" 78293.7™
LxYxPxK 9 62.4" 2 1.8™ 16.6™ 3.3 0.007ms 81190.6™
Error 120 428 2.2 2 1202.6 250 0.56 122309
CcVv - 7.6 10.2 9.8 11.2 134 9.2 9.1

ns: Not significant *and ** : Significant at 5% and 1% probability levels, respectively

Table 3: Interaction effets of different levels of phosphorus and potassium application on rice agronomic traits during

2020-21

Treatments

Phosphorus rates
(kg P20s ha'l)

Potassium rates
(kg K20 ha'l)

Total number of tillers per
plant (No/Hill)

Number of fertile tillers

per hill (No/Hill)

Number of panicle per square

meter (No/m?)

Control 14.29 13.59 238h
Control 50 15.3 14519 268,29
ontro 100 15.9¢f 15.1¢f 28710
150 14.49 13.69 278,59
Control 15.6% 14.8% 2719
20 50 17.4¢d 16.5% 314.8¢%
100 18bed 17.1bcd 323.1¢
150 16.8% 15.9% 337bcd
Control 15.9% 15.1¢ 286,619
45 50 18bcd 17.1bd 312.1%f
100 18.4b¢ 17.50¢ 330.30cd
150 18.6"¢ 17.6¢ 350.4¢
Control 16° 15,060 265,79
5 50 18.10¢ 17.20 326.5%
100 19 18.1° 3580
150 20.6° 19,52 391.72

Means in each column followed by similar letter(s) are not significantly different at the five percent probability level

using LSD 's Test

ay
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Table 4: Interaction effets of different levels of phosphorus and potassium application on rice agronomic traits during
2020-21

Treatments - Number of filled Number of unfilled Thousand-grain weight
Phosphorus rates Potassium rates - . : .
. . grain per panicle grain per panicle (gr)
(kg P,0s hah) (kg K20 ha)
Control 106.6" 14.22 19.5"
Control 50 120.18 69 20.89"
ontro 100 128.4°0 6.219 22.3°1
150 123.28 6¢ 21.4%
Control 120.99 5.99 219"
50 140.9% 6.8¢f 24.4%
30 100 144.1% 7% 25
150 150.9° 7.3 26.10¢
Control 127.6% 6.2 22.21
50 138.7%f 6.8¢f 24,20
45 100 149,30 7.1% 25, 7bcd
150 156.2°¢ 7.6% 27.2%
Control 118.99" 8.5" 20.79"
60 50 145.6% 7.1°% 25.3%
100 160.7° 7.8¢ 27.8°
150 175.6% 5.8¢ 30.42

Means in each column followed by similar letter(s) are not significantly different at the five percent probability level
using LSD 's Test

Table 5: Interaction of location and different levels of phosphorus application on rice agronomic traits during 2020-21

Treatments Total number of tillers per Number of fertile tillers per hill
Location Phosphorus rates (kg P,Os hat)  hill (No/Hill) (No/Hill)
Control 16.44 15.64
30 18.7¢ 17.8¢
Rasht (L) 45 19.9° 18.9°
60 21.1° 20.1°
Control 13.5 12.8f
30 15.2¢ 14.4¢
Tonekabon (L2) 45 15.6° 14.8¢
60 15.7% 14.9%

Means in each column followed by similar letter(s) are not significantly different at the five percent probability level using LSD 's
Test

Table 6: Interaction of location and different levels of potassium application on rice agronomic traits during 2020-21

Treatments

Potassium rates Total number of tillers ~ Number of fertile tillers Number of panicle per
Location (kg K,0 ha?) per hill (No/Hill) per hill (No/Hill) square meter (No/m?)
Control 16.4¢ 15.5¢ 267.3¢
50 19.4° 18.5° 332.5°
Rasht (L) 100 20 19 331,90
150 20.4° 19.42 366.6°
Control 14.5¢ 13.8¢ 263.3¢
50 14.9% 14,20 278.2¢
Tonekabon (L2) 14, 15.7¢ 14.9 317.3b
150 14.7¢ 14¢ 310.9¢

Means in each column followed by similar letter(s) are not significantly different at the five percent probability level using LSD 's
Test

ay
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Table 7: Interaction of location and different levels of potassium application on rice agronomic traits during 2020-1

Treatments Number of filled grain  Number of unfilled  Thousand-grain
Location Potassium rates (kg K,O ha™) per panicle grain per panicle weight (gr)
Control 119.4¢ g2 214
50 148.4b 7.2b 258.8P
Rasht (L1) 149 148.6 7.20 25.7b
150 163.82 6? 28.42
Control 117.6¢ 8.32 20.7¢
Tonekabon 50 124.3¢ 7.7° 21.6¢
(Lo) 100 142.7bc 7.4° 24.6b¢
150 139.2° 7d 24.1°

Means in each column followed by similar letter(s) are not significantly different at the five percent probability level using LSD 's
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Table 8: Interaction of location and different levels of phosphorus and potassium application on rice agronomic traits during 2020-21

Treatments

Location Phosphorus rates (kg P.Os ha) Potassium rates (kg KO ha) Plant height (cm) Paddy yield (kg.ha")
Control 89.8¢ 2888.3°
Control 50 120.4"”}_g 3947.9?"‘
100 113.69Mi 3861.7ikim
150 126.4% 3931.2iikim
Control 105KImn 3216°
30 50 128.1° 4182.89_“_ij
100 122 5edef 4054.4nik
150 143.1° 46126000
Rasht (L) Control 1159t 3786.3km
45 50 129¢ 4752.4“’?de
100 123.7¢d 4188.3¢%"
150 148.3% 4995%
Control 116.48fo 4161.39Mik
60 50 127.7¢ 4523 .9¢cefg
100 148.7% 4847 ,32cd
150 153.42 5061.82
Control 93.2r4 3322.3™
Control 50 109.3f‘ijk 3567.8/mno
100 107.8 3775.1Km
150 96.5r9 3316
Control 108,71k 3616.8'™
30 50 103.5"”?no 3905.4‘{*Irn
100 113, 79ni 4228fani
150 104,3KImn 4028.8nik
Tonekabon (L-z) Control 10871 3843.9 kim
45 50 103.5"”?no 3950.8iiK
100 113.49ni 4495 6%
150 104, 7Kmn 4135, 79hiik
Control 99,7mnop 3538.5mMn°
60 50 98.1”"_p 3843 3iikim
100 107.1iKIm 4373.1°fN
150 113.9¢9ni 4909%¢

Means in each column followed by similar letter(s) are not significantly different at the five percent probability level using LSD 's Test
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