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Extended Abstract:

Introduction: Rice (Oryza sativa L.) is one of the world’s most important food crops, and improving its yield and
ensuring sustainable production are essential for global food security. Spatial variability caused by erosion or topographic
features can alter soil properties across different cultivation zones. Selecting an appropriate planting depth enhances plant
growth, root development, and yield, although the extent of these effects depends on soil type and field conditions.
Determining the optimal plant density in rice cultivation is also crucial, as it is influenced by the soil’s physical and
chemical characteristics as well as its fertility status. Accordingly, this study aimed to investigate how planting depth
affects the optimal plant density of rice at two distinct locations in the Amol region in north of Iran.

Materials and Methods: This experiment was conducted in Amol, located in Mazandaran Province in northern Iran. A
randomized complete block design with a split-plot arrangement and four replications was used. Planting depth at two
levels (1.5 and 4 cm) served as the main factor, while plant density at three levels (15.2, 19.6, and 27.8 hills m?,
corresponding to planting spacings of 22 x 30, 17 x 30, and 12 x 30 cm, respectively) was evaluated as the sub-factor.
The study was carried out simultaneously in 2022 and 2023 across two rice fields with different geographic coordinates
(Location 1: 36°36'16.9"N, 52°28'10.9"E; Location 2: 36°36'25.4"N, 52°27'57.5"E) but under the same climatic
conditions. Measured traits included root length, shoot height, number of panicles m, total spikelets m, filled spikelets
m2, 1000-grain weight, paddy yield, milling recovery, head rice yield, chalkiness, and gelatinization temperature.
Combined analysis of variance was performed using SAS 9.2 and MSTAT-C, and mean comparisons were conducted
using Tukey’s test at the 5% probability level.

Results and Discussion: The results showed that at the tillering stage, root length in Location 2 was 8.7% greater than
in Location 1. However, at the panicle-initiation stage, shoot height in Location 1 exceeded that of Location 2 by 27.63
cm. At the tillering stage, root length at the 4 cm planting depth was also 7.2% shorter than at the 1.5 cm depth. During
panicle initiation, the greatest root length was recorded in Location 1 at the 1.5 cm depth (25.74 cm). At the flowering
stage, the highest root lengths (21.87 and 20.73 cm) and shoot heights (111.1 and 114.1 cm) were obtained in the same
location at planting depths of 1.5 and 4 cm, respectively. In this stage, the minimum root length occurred at the density
of 27.8 hills m (19.12 cm), while the shortest shoot height in 2023 was observed at the density of 19.6 hills m (100.2
cm). The lowest shoot height at the tillering stage was recorded in Location 1 in 2022 at the 4 cm depth and a density of
27.8 hills m2 (27.84 cm). The highest total number of spikelets and filled spikelets m was recorded in Location 1 at the
density of 27.8 hills m? (73120 and 65300 spikelets, respectively). The maximum number of tillers m in Location 1 was
obtained in 2022 and 2023 at the 1.5 cm planting depth and the density of 27.8 hills m, with 541.1 and 549.5 tillers,
respectively. In addition, the greatest 1000-grain weight was recorded in the same location and only in 2023 under the
same treatments, reaching 28.59 g. The highest paddy yield, 9322 kg ha*, was achieved in Location 1 in 2022 at the
density of 15.2 hills m2. Additionally, the maximum paddy yield in the latter location was obtained at the 1.5 cm planting

Received: Feb. 11, 2026; Revised: Aug. 16, 2026; Accepted: Aug. 23, 2026; Published Online: Oct. 17, 2026.
* Corresponding Author: drmobasser.neg@gmail.com


https://doi.org/10.47176/jcpp.16.3.37454
https://jcpp.iut.ac.ir/
file:///C:/Users/Sepanta/Desktop/زراعی%20پاییز%201405/1405/drmobasser.neg@gmail.com
https://orcid.org/0009-0008-8820-7968
https://orcid.org/0000-0002-6724-3045
https://orcid.org/0000-0002-8992-7464
https://orcid.org/0000-0001-6414-2567
http://dx.doi.org/10.47176/jcpp.16.3.37454
https://jcpp.iut.ac.ir/article-1-3403-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-10-17 ]

[ DOI: 10.47176/jcpp.16.3.37454 ]

J. Crop Prod. Process. 2026, 16(3), 79-98; DOI: 10.47176/jcpp.16.3.37454

—

EH) Journal of Crop Production and Processing
Journal Of

Journal homepage: https://jcpp.iut.ac.ir/

Crop Production and Proccessing

depth with a density of 15.2 hills m (9559 kg ha?), and at the 4 cm depth with a density of 27.8 hills m?2 (9291 kg ha™®).
The milling degree in Location 1 was 2.82% higher than in Location 2. However, gelatinization temperature (3.678) and
grain chalkiness (4.326%) were both higher in Location 2 compared with Location 1 (3.142 and 3.836%, respectively).
The milling degree in 2023 was also 1.75% greater than in 2022. In addition, the lowest milling degree was observed at
the density of 19.6 hills m2 (83.64%). The lowest milling recovery, with an average of 61.40%, occurred in Location 2
in 2022 at the density of 19.6 hills m2.

Conclusions: Based on the results of the present study, root length was greater in Location 2 at the tillering stage;
however, during panicle initiation and flowering, both root length and shoot height were superior in Location 1. In
Location 1, the highest number of tillers, the greatest 1000-grain weight (under shallow planting), and the highest total
and filled spikelets (under both shallow and deep planting) were obtained at a density of 27.8 hills m2. In the same
location, planting at 1.5 cm with 15.2 hills m? and 4 cm with 27.8 hills m? produced the highest grain yields. In 2022,
the lowest milling recovery was recorded in Location 2 at a medium density of 19.6 hills m=, and grain chalkiness was
also higher in this location. Overall, for the Amol region and the clay-loam conditions of Location 1, planting at 1.5 cm
with 15.2 hills m?2 and 4 cm with 27.8 hills m2 is recommended for the Shiroudi cultivar.
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Table 1. Meteorological data during the rice growing season

Total sunshine (h)

Total rain (mm)

Min. temperature

Max. temperature

Average

(°C) (°C) temperature (°C) Months
2023 2022 2023 2022 2023 2022 2023 2022 2023 2022
181 117 82.6 46.1 15.5 15.6 24.5 23.4 20.0 19.5 May
211 264 18.4 2.0 211 19.0 30.9 30.1 26.0 24.6 June
157 265 18.3 0.9 21.8 215 31.9 323 26.8 26.9 July
205 191 12.1 20.1 23.1 22.6 34.5 32.8 28.8 27.7 August
155 243 71.1 8.6 21.3 20.0 30.4 32.3 25.8 26.2 September
oo ¥r B Gas) bl Jow S aland 5 (S5 gla Sy Y Joir
Table 2. Soil physical and chemical properties (0- to 30-cm depth) at the two experimental locations
Location 2 Location 1 Unit Property
55 24 %
31 46 %
14 30 %
Sandy Loam Clay Loam - Texture
7.79 7.72 -
1.08 1.24 dSmt Electrical conductivity
1.07 3.05 % Organic matter
0.62 1.77 % Organic carbon
0.06 0.18 % Total Nitrogen
11 15 mg kg Available Phosphorus
185 273 mg kg Available Potassium
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Table 3. Combined analysis of variance for root length and shoot height under the effects of planting depth and plant density
in two locations (2022 and 2023)

Shoot height Root length
Flowering iﬁﬁ?;gloen Tillering Flowering ir’:ﬁ?z;gfn Tillering df Sources of variation

3857 18312™ 127 212" 475" 70.4 1 Location (L)
345 5.22 9.01 1.62 1.28 4,96 6 R(L)
29.8m 20.7m 20.8" 2.42m 6.71m 9.26M 1 Year (Y)
13.8™ 0.29m 32.17 0.17m 1.37™ 3.30m 1 LxY

17.6 15.1 7.56 1.74 3.55 4,50 6 Error
781" 506™ 159" 1.41m 64.6™ 45.9™ 1 Planting depth (A)
171" 9.80m 28.8™ 19.4" 19.9" 15.2" 1 LxA
20.7m 20.7m 0.43" 7.84m 0.49" 0.001"s 1 Y x A
18.2" 22.6M 0.65" 0.11m 1.55"™ 2.07m 1 LxYxA
29.5 144 3.04 2.47 2.59 4.90 12 Error
333" 84.8" 27.9" 11.6" 0.59" 9.22m 2 Plant density (B)
39.1m 1.49m 10.8™ 7.15m 2.63m 7.08m 2 LxB
151" 52.1" 12.3m 3.15m 2.17m 1.22" 2 Y xB
18.0™ 4,93 455" 0.30m 1.44m 13.7™ 2 LxYxB
8.37m 1.24m 9.11m 7.94m 1.21m 1.19m 2 AxB
0.31m 18.7™ 34.0" 1.76"™ 0.16" 4.65" 2 LxAxB
50.0m 69.3" 16.8™ 6.89m 13.17 0.85" 2 Y xAxB
55.5" 0.50m 34.6" 0.86" 0.16" 0.10m 2 LxYxAxB
24.0 12.8 7.05 2.63 3.68 491 48 Error

4.61 4,53 7.50 8.19 8.63 11.8 - CV (%)

o3 0 5 doys ) Jles C}LM); Gol3ome 3 pme o LS Sy
ns, **, *: non-significant and significant at the 1% and 5% probability levels, respectively.
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Table 4. Mean comparison of root length and shoot height under the main effects of location, planting depth, and plant

density
Shoqt he_lg_h_t ((_:m) Root Iength (cm) Root I_eng_th (cm) Experimental treatments
Panicle initiation Flowering Tillering
93.12 - 17.8° First location Location
65.4° - 19.52 Second location
- - 19.42 15 .
) ) 18.0° 4 Planting depth (cm)
- 20.12 - 15.2
- 20.12 - 19.6 Plant density (hills m2)
- 19.1° - 27.8

.,u)u@\;@”ojwmﬁc;iJm}lcjuﬁL;,sow-iwuﬂ‘x\omum@pgggfps&u&;;gﬁ

Means followed by the same letter do not differ by the Tukey test (p<0.05).
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Table 5. Mean comparison of root length and shoot height under the interaction effect of location x planting depth

SholgtI helght (cm) Root Iengt_h (cm) Roo_t Ien_gt_h_ (c_m) Planting depth (cm) Location
owering Flowering Panicle initiation
1112 21.8° 25.78 15 First location
1142 20.72 23.20 4
95.7¢ 18.0° 20.4° 15 Second location
104P 18.6° 19.6¢ 4

.,u)u@\;@”ojwmﬁc;iJm}lcjuﬁL;,sow-iwuﬂ‘x\omum@pgggfps&u&;;gﬁ

Means followed by the same letter do not differ by the Tukey test (p<0.05).
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Table 6. Mean comparison of root length at the panicle initiation stage under the interaction effect of year x planting depth x

plant density.

Root length Plant density  Planting depth Year Root length  Plant density ~ Planting depth Year
(cm) (hills m?) (cm) (cm) (hills m?) (cm)
23.6% 15.2 22.82 15.2
23.82 19.6 1.5 22.12 19.6 15
22.32 27.8 23.6° 27.8
21.02 15.2 2023 21.42 15.2 2022
21,52 19.6 4 20.92 19.6 4
22.78 27.8 20.82 27.8

J..:)Uu 6)\JL5,.M Q}Lﬁb Loy C..i Jlea| CE.A)) 05}; Q}A)T JIL\N‘JJ Llolds u..a;:.:..e J,L,.& ;_.9)?- L: ASL;LAQ:QM
Means followed by the same letter do not differ by the Tukey test (p<0.05).
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Shoot height (cm)- Panicle
initiation

m 15.2 hills/square meter

100

1.5 cm deep

2022

1 19.6 hills/square meter

4 cm deep

1.5 cm deep

27.8 hills/square meter

4 cm deep

2023
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Figure 1. Shoot height (cm) at the panicle initiation stage under the interaction effect of year x planting depth x plant density.
Means followed by the same letter do not differ by the Tukey test (p<0.05).

AU ST Jl flise Sl cos AAS d e s alsr el g1 e 5Sile dslis V I g
Table 7. Mean comparison of shoot height under the interaction effect of year x plant density

Shoot height (cm) Plant density (hills m?) Year
1092 15.2
1062 19.6 2022
1042 27.8
1102 15.2
100° 19.6 2023
1072 27.8

Ju)\.\; 6)\JJM Q)Lﬂ; .Lp)b cﬁ JL«.’.’>‘ C]a.,a): us‘f“ Q}A)Twlﬂa‘f cJJ\e.L.'Z u..a;;.:..n L;:L.M_ii g_éj> Lr ASLS.:LAV,:K.:L:A
Means followed by the same letter do not differ by the Tukey test (p<0.05).
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Table 8. Mean comparison of shoot length at the tillering stage under the interaction effect of location x year x planting
depth x plant density

Shoot Plant Planting Shoot Plant Planting

length density depth Year Location length density depth Year  Location
(cm) (hills m) (cm) (cm) (hills m) (cm)
34.5%¢ 15.2 35.8% 15.2
34.8%¢ 19.6 15 29.1%¢ 19.6 15
35.18¢ 27.8 32.8%¢ 27.8

2022 2022

38.92 15.2 36.5% 15.2

36.6% 19.6 4 37.18 19.6 4

40.22 27.8 Second 27.8° 27.8 Eirst
36.180 15.2 location 34.9a¢ 15.2 location
34.18¢ 19.6 15 32.92¢ 19.6 15
33.78¢ 27.8 35.4% 27.8

38.42 15.2 2023 36.3% 15.2 2023

37.9 19.6 4 34.5%¢ 19.6 4

38.42 27.8 37.78 27.8

A (5l e sl o gy el e 53 (S5 Ogel el cdiledd paseie GG G L oS la Sl
Means followed by the same letter do not differ by the Tukey test (p<0.05).
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Table 9. Combined analysis of variance for yield and its components under the effects of planting depth and plant density in
two locations (2022 and 2023)

Paddy yield Thousand- Filled splkelet_g Total number_zof Tillersm?  df Sources of variation
grain weight m spikelets m
25317604 27.1 2826121254™ 1865809455™ 1260265 1 Location (L)
1669756 0.14 97118220 61578027 1952 6 R(L)
8437m 0.02" 14589122 45668347 73.3™ 1 Year (Y)
104" 0.006" 3982090™ 3670317 7.65"™ 1 LxY
309479 0.14 49825730 59310587 503 6 Error
426666" 0.01" 108992126 101346435 33104™ 1 Planting depth (A)
3526666 0.006" 5572884 80881309™ 18964 1 LxA
920416 0.50" 44627355™ 79827361™ 277 1 Y x A
3375000™ 0.02"s 50173308™ 4035630 223 1 LxYxA
801041 0.14 51932400 38116800 766 12 Error
868027 0.49™ 111046372 239315472" 116903™ 2 Plant density (B)
512584" 0.16" 531760208 363451110™ 10561™ 2 LxB
1163339 0.23" 13599879 32207843 333 2 Y xB
2807350™ 0.01" 23147451™ 10379909™ 632m 2 LxYxB
374342 0.001" 4082509 57567978™ 9581™" 2 AxB
3209889™ 0.28" 53527618™ 133803747 3041* 2 LxAxB
468092" 0.10" 38018217™ 4863568 5184 2 YxAxB
559394ns 0.31" 19748266™ 152915574" 3265" 2 LxYxAxB
443884 0.09 71205877 55117992 881 48 Error
7.86 1.07 15.7 12.0 8.23 - CV (%)
o330 5 Aoy ) Jlesd lea.« 03 G e s pae a8 LS S ik G NS

ns, **, *: non-significant and significant at the 1% and 5% probability levels, respectively.
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Table 10. Mean comparison of total spikelets m and filled spikelets m2 under the interaction effect of location x plant

density
Filled spikelets m Total number of spikelets m- Plant density (hills m?) Location

581302 64060° 15.2

54110b 61580° 19.6 First location
653002 731202 27.8

506200 583200 15.2

49220P¢ 57420P 19.6 Second location
45160° 56580° 27.8
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Means followed by the same letter do not differ by the Tukey test (p<0.05).
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Table 11. Mean comparison of tiller number m2 and thousand-grain weight under the interaction effect of location x year x
planting depth x plant density

Thousand-grain . ) Plant density Planting depth .
weight (g) Tillers m (hills m?) (cm) Year Location
28.32d 3580-f 15.2
28.45°¢ 396°¢ 19.6 15
28.4% 5412 27.8
28.22d 32499 15.2 2022
28.5% 337¢9 19.6 4
28.1%¢ 4190 27.8 irst locati
28.07¢ 350b-¢ 15.2 First location
28.3d 3810 19.6 15
28.6% 5492 27.8
28,3+ 32999 15.2 2023
28.5% 345¢9 19.6 4
28.5% 429° 27.8
27.2 2739 15.2
27.7°F 351°9 19.6 15
27.1f 3590 27.8
27.3¢f 2729 15.2 2022
27.3° 2949 19.6 4
27.0 389 b 27.8 Second locati
27.3° 2689 15.2 econd location
27.3¢ 31589 19.6 15
26.9 405 27.8
27.1f 31489 15.2 2023
27.6°f 3189 19.6 4
27541 33099 27.8

A (5l e sl Ay iy Sl a3 (S5 Ogesl el cdiledd pasete JLSS G L oS e Sl
Means followed by the same letter do not differ by the Tukey test (p<0.05).
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Figure 2. Paddy yield (kg ha) under the interaction effect of location x year x plant density. Means followed by the same
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Figure 3. Paddy yield (kg hat) under the interaction effect of location x planting depth x plant density. Means followed by

the same letter do not differ by the Tukey test (p<0.05).
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Table 12. Combined analysis of variance for rice grain quality traits under the effects of planting depth and plant density in
two locations (2022 and 2023)

Grain chalkiness Gelatinization Milling degree Milling df Sources of variation
temperature recovery

5.77" 6.89™ 190™ 70.8™ 1 Location (L)
0.77 0.05 4.84 151 6 R(L)
0.40m 0.04ns 73.3" 24.8" 1 Year (Y)
0.02" 0.003" 26.0m 40.3" 1 LxY
1.02 0.04 16.4 10.0 6 Error
0.30m 0.004" 1.24n 0.78™ 1 Planting depth (A)
0.03" 0.001" 1.13m 1.60m 1 LxA
0.63" 0.38" 10.4m 19.3m 1 Y x A
0.08" 0.02" 29.3" 11.5™ 1 LxYxA
1.20 0.07 8.37 5.93 12 Error
1.13m 0.005" 59.6™ 21.3m 2 Plant density (B)
0.70m 0.03" 20.5" 19.0m 2 LxB
1.75™ 0.03" 33.7m 11.1m 2 Y xB
0.58" 0.02" 29.7m 38.6" 2 LxYxB
1.19m 0.03" 32.5™ 14.3" 2 AxB
1.45™ 0.03" 6.95" 7.06" 2 LxAxB
0.13" 0.01" 10.2m 5.36" 2 YxAxB
0.05" 0.09" 10.7m 21.7m 2 LxYxAxB
1.21 0.03 10.8 7.83 48 Error
26.9 5.09 3.87 4.18 - CV (%)

REVZ R 0 5 Loy \ dLo.b‘ C)lﬂ.« BEl 6)‘)@.&» g)‘.}g;bu]:..& g,.::jj‘u 3k sk NS
ns, **, *: non-significant and significant at the 1% and 5% probability levels, respectively.
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Table 13. Mean comparison of rice grain quality traits under the main effect of location, year, and plant density

Gelatinization

Grain chalkiness (%) Milling degree (%) Experimental treatments
temperature

3.83° 3.140 86.6 First location L ocati

4.32° 3.68° 83.7" Second location ocation
- - 84.3° 2022
. . 86.0° 2023 Year
- - 86.22 15.2
- - 83.6° 19.6 Plant density (hills m?)
- - 85.6% 27.8
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Means followed by the same letter do not differ by the Tukey test (p<0.05).
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Table 14. Mean comparison of rice grain gelatinization temperature under the interaction effect of year x planting depth.

Gelatinization temperature Planting depth (cm) Year
3.502
3360 2022
3.332
3.45° 2023
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Means followed by the same letter do not differ by the Tukey test (p<0.05).

m 15.2 hills/square meter

Milling recovery (%)

Year 2022

First location

®19.6 hills/square meter

Year 2023

27.8 hills/square meter

Year 2022 Year 2023

Second location
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Figure 4. Milling recovery (%) under the interaction effect of location x year x plant density. Means followed by the same
letter do not differ by the Tukey test (p<0.05).
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