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Abstract

Introduction

Rice (Oryza sativa L) is recognized as an important food product in the world. The survival of
approximately 3 billion people depends on the production of this crop. Increasing yield and
sustainable production of rice is necessary for food security in the world. The transplanting of
rice seedlings in Iran is by machine and manual-traditional. Machine transplanting is a promising
technology that is more efficient and requires less labor than traditional manual transplanting.
Having little land and the poor financial status of farmers are among the shortcomings of
adopting this technology. Rice production is determined mostly by the soil. Soil is one of the
most important environmental factors and the main source of nutrients and water for the growth
of plants. Decreasing soil quality will reduce rice production. Maintaining soil properties at the
desired level is one of the important management issues. Determining the appropriate plant
density is the most basic and critical consideration for high-yield rice planting. Because it can
accelerate tillering in each plant, balance the variables and promote the harmonious growth of the
plant and the plant community. By determining the optimal plant density, it is possible to achieve
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the maximum vyield of the crop. The current study aims to determine the optimal plant density in
two soils with different physicochemical properties in a region under manual and machine rice
transplanting methods.

Materials and Methods

A split-split plot experiment was conducted based on a randomized complete block design with
four replications in 2021 and 2022. The experimental site is located along the coast of the
Caspian Sea (36°50'N, 52°83'E; 29 m asl) at the Faculty of Agriculture and Natural Resources of
Qaemshahr Azad University, Mazandaran Province (Northern Iran). Physical and chemical
properties of soil (first type soil and second type soil) as the main factor, planting method
(manual and machine transplanting) as a sub-factor, and plant density (15.9, 20.8, and 27.8 plants
m2 with spaces of 30 x 21, 30 x 16, and 30 x 12 cm?, respectively) as a sub-sub-factor were
studied. In the current experiment, phenological traits (the number of days from transplanting to
the beginning of flowering and the beginning of flowering to maturity), root morphological
characteristics (root length and root fresh weight in tillering, panicle initiation, and maturity
stages), and other agronomical traits (panicle length, number of panicles m?, total spikelet
panicle™, 1000 - grain weight, grain yield, straw yield and harvest index) were measured.

Results and Discussion

Results showed that in the panicle initiation stage, the maximum root length in 2022 was
obtained at a density of 27.8 plants m? (23.9 cm). At the same stage, the maximum fresh weight
of the root in 2022 was observed with the second type soil (66.2 g). In the maturity stage, the
maximum root length was recorded with the second type of soil during manual transplanting
(22.4 cm). At the same stage, the highest root fresh weight was observed with the second type of
soil at a density of 15.9 plants m? (86.4 g). The highest number of panicles m? in the second type
of soil was obtained, respectively, during machine transplanting with a density of 27.8 plants m™
(554.6 panicles) and during manual transplanting with the same plant density (547.4 panicles).
The maximum total number of spikelets panicle™ was observed in the first type of soil during
manual transplanting and the density of 27 plants m? (134.1 spikelets), which was due to the
number of panicles m? (427.0 panicles). The minimum 1000- grain weight in 2021 was obtained
with the first type of soil during manual transplanting (26.6 g). The grain yield in the second type
soil was 8.7% higher than the first type soil. Also, the highest grain yield was observed at a
density of 27.8 plants m? (8687 kg ha™).

Conclusion
Based on the results obtained in the present study, the second type of soil and a density of 27.8
plants m? are separately suggested to achieve the highest grain yield.
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Table 1. Climatic data during the growth and development of rice in 2021 and 2022.

AR

Min. temperature  Max. temperature  Avg. temperature  Total rain Total sunshine
Months °C (mm) (h)

2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
May 14.8 16.2 25.0 24.7 19.9 20.5 334 40.6 1825 150.0
Jun 20.3 21.3 31.7 30.7 26.0 26.0 4.0 26.4 297.0 2195
Jul 22.9 24.6 32.6 34.0 21.7 29.3 16.6 25.5 2555 2315
Aug 23.5 24.9 31.6 34.2 27.5 29.6 39.2 27.9 1347 231.7

Table 2. Physical and chemical properties of the studied soils (0 to 30 cm depth).

Soil characteristics Unit First type soil Second type soil
Sand % 19.84 23.84
Physical Silt % 30.86 38.86
Clay % 49.30 37.30
Soil texture - Clay Clay Loam
pH - 7.29 7.24
Electrical conductivity d.s.m? 1.70 1.60
Chemical Organic matter % 2.63 331
Organic carbon % 1.53 1.92
Available P Mg kg 30.45 27.93
Available K Mg kg 451.61 435.69
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Table 3. Combined variance analysis of rice phenological traits under experimental treatments

Sources of variation df

Days from transplanting to

Days from Flowering to
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flowering maturity
Year (y) 1 63.38** 42.67**
R(y) 6 1.653 6.556
Soil type (a) 1 51.04** 16.67ns
yxa 1 108.4** 42.67**
error a 6 1.653 6.556
Transplanting method (b) 1 3220.2** 92.04**
yxb 1 1.500ns 2.0417ns
axbh 1 28.17** 22.04*
yxaxhb 1 13.50** 2.042ns
error b 12 0.6111 1.153
Plant density (c) 2 0.3229ns 0.9479ns
yxc 2 0.0313ns 0.5104ns
axc 2 0.3229ns 0.9479ns
yxaxc 2 0.0313ns 0.5104ns
bxc 2 1.760ns 1.760ns
yxhxc 2 0.0938ns 0.1979ns
axbxc 2 1.760ns 1.760ns
yxaxhxc 2 0.0938ns 0.1979ns
Total error 48 1.247 4.688
CV (%) - 1.845 5.025

ns, **, *: non-significant and significant at 1% and 5% probability levels, respectively.

Table 4. Comparison of the average number of days from transplanting to flowering and flowering

to maturity under double and triple interaction effects.

Year x Soil type x Transplanting ~ Transplanting to

Year x Soil type

method flowering (days) (days)
2021 2021 First soil type 44.00a
First soil type Manual 52.08f Second soil type  43.50ab
Mechanical 63.75¢C 2022 First soil type 41.33b
Second soil ~ Manual 56.00d Second soil type  43.50ab
type Mechanical 67.00b Soil type x Transplanting Flowering to maturity
2022 method (days)
First soil type Manual_ 54.83e First soil type Manual_ 41.21c
Mechanical 68.50a Mechanical 44.13a
Second soil ~ Manual 56.00d Second soil  Manual 43.00b
type Mechanical 66.00b type Mechanical 44.00a

Means with the same letter(s) are not significantly different at the 5% probability level, based on Duncan's test.
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Table 5. Combined variance analysis of root morphological characteristics of rice under

experimental treatments

Root length Root fresh weight
Sources of variation df I Panicle . A Panicle -

Tillering initiation Maturity Tillering initiation Maturity
Year (y) 1 9.475** 10.87** 1.545ns 5.845ns 126.1ns 74.45ns
R(y) 6 1.275 2.206 4,993 3.025 195.8 548.8
Soil type (a) 1 74.34%* 173.5** 53.61** 36.03** 3607.1** 2727.0**
yxa 1 0.1411ns 5.851* 0.0063ns 9.303* 749.8* 90.75ns
error a 6 4.182 6.070 3.341 0.9706 262.3 176.7
Transplanting method (b) 1 156.1** 91.26** 70.59** 96.00** 311.0ns 304.2ns
yxb 1 0.00001ns  0.00003ns 0.00004ns  0.00001ns  0.00004ns  0.00003ns
axb 1 0.5400ns 2.940ns 8.213* 3.840ns 24.00001ns 82.14ns
yxaxbh 1 0.00001ns  0.00004ns 0.00005ns  0.00001ns  0.00001ns  0.00006ns
error b 12 0.00002 0.00003 0.00005 0.00001 0.00001 0.00005
Plant density (c) 2 16.18** 3.025ns 18.12** 4.451ns 3219.6** 5548.3**
yxc 2 2.069ns 11.90** 1.894ns 7.361* 50.42ns 73.64ns
axc 2 6.059** 3.715ns 13.55** 2.8615ns 365.2ns 508.6*
yxaxc 2 11.95** 0.7610ns  0.9877ns 0.0912ns 53.33ns 13.38ns
bxc 2 0.00001ns  0.00003ns 0.00003ns  0.00002ns  0.00002ns  0.00003ns
yxbxc 2 0.00002ns  0.00002ns 0.00004ns  0.00001ns  0.00003ns  0.00005ns
axbxc 2 0.00001ns  0.00005ns 0.00004ns  0.00001ns  0.00001ns  0.00004ns
yxaxbxc 2 0.00001ns  0.00002ns 0.00003ns  0.00001ns  0.00002ns  0.00004ns
Total error 48 0.7314 1.424 1.719 1.534 159.8 124.56
CV (%) - 4.636 5.281 6.386 29.88 22.51 17.23

ns, **, *: non-significant and significant at 1% and 5% probability levels, respectively.

Table 6. Comparison of the average root length and root fresh weight in the tillering and panicle
initiation stages under the simple effects of transplanting method and plant density

Transplanting Root length (cm) Root fresh weight (g) E’F:?;r:tdr;equs)lty E;r%t;{;eisnr}t\;;?;ggt ©
method Tillering Panicle initiation  Tillering 15.9 67.54a
Manual 19.72a 23.57a 5.146a 20.8 48.61b
Mechanical 17.17b 21.62b 3.146b 27.8 52.33b

Means with the same letter(s) are not significantly different at the 5% probability level, based on Duncan's test.

Table 7. Comparison of the average root length in the tillering stage under the interaction effect of

Year x Soil type x Plant density

Year Soil type Plant density (plant m™) Root length (cm) - tillering
15.9 20.21ab
First soil type 20.8 18.02cde
27.8 20.59a
2021 15.9 17.32¢f
Second soil type 20.8 17.79def
27.8 18.65cde
15.9 18.94bcd
First soil type 20.8 19.36abc
27.8 18.86bcd
2022 15.9 16.46f
Second soil type 20.8 16.31f
27.8 18.88bcd

Means with the same letter(s) are not significantly different at the 5% probability level, based on Duncan's test.
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Table 8. Comparison of the average root length and root fresh weight in the stages of tillering,
panicle initiation, and maturity under the double interaction effects

Root length (cm)

Root fresh weight (g) Root fresh weight (g)

Year Soil type Panicle initiation Tillering Panicle initiation
2021 First soil type 21.16b 5.316a 51.68ab
Second soil type 23.36ab 3.468b 58.35ab
2022 First soil type 21.34b 4.200b 48.38b
Second soil type 24.52a 3.597b 66.23a
. Transplantin Root length (cm
Soil type methopd ’ Maturityg em
First type Manual 20.35b - -
Mechanical 19.22d - -
Second type Manual 22.43a - -
Mechanical 20.13c - -
Year Plant density Root Ien_gt_h. (c_m) Root fresh weight (g)
(plant m?) Panicle initiation Tillering
15.9 22.65b 4.695a -
2021 20.8 22.16b 4.518a -
27.8 21.97b 3.964ab -
15.9 22.19b 4.323a -
2022 20.8 22.67ab 3.010b -
27.8 23.93a 4.363a -
Soil type Plant denzsity Root Igngth (cm) Root f_resh weight (g)
(plant m™) Maturity Maturity
15.9 20.51bc 73.18b -
First type 20.8 19.04d 58.53c -
27.8 19.82cd 46.64d -
15.9 22.19a 86.40a -
Second type 20.8 21.73ab 60.25¢ -
27.8 19.93cd 63.68bc -

Means with the same letter(s) are not significantly different at the 5% probability level, based on Duncan's test.
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Table 9. Combined variance analysis of rice yield components (no. panicles m?, total spikelets
panicle™, and 1000 grain weight), grain yield, straw yield, and harvest index under experimental

treatments
Sources of variation df glaunr?c?gg cr::_z g:;?élsepll kelets &I%?gh%ram Grain yield Straw yield ::?jre\fSt
Year (y) 1  5758.7* 222.5ns 2.039** 341174.3ns 9483436.8* 11.71ns
R(y) 6 2764.6 154.1 0.0446 953759.1 2332193.8 6.069
Soil type (a) 1  14878.9** 1246.5** 2.115** 14181131.3** 218536402.6** 475.7**
yxa 1  0.1298ns 244.9ns 0.4307ns 152721.3ns 12018303.0*  27.36ns
error a 6 21834 93.15 0.2067 250235.5 3360734.3 6.944
Transplanting method (b) 1 8948.4** 5873.1** 17.91** 481241.8ns 12977898.0**  105.6**
yxb 1 802.3ns 42.35ns 0.8270* 9420.8ns 114885.8ns 0.1087ns
axb 1  37145* 872.5** 1.159* 71122.6ns 1617983.0ns 0.5689ns
yxaxh 1 83l.1ns 76.58ns 0.8419* 10395.8ns 4551.3ns 0.1709ns
error b 12 1132.84 85.91 0.0454 28082.1 41538.9 0.7209
Plant density (c) 2 1487.7ns 615.5%* 0.2059ns 1816280.7** 17349110.0** 25.00ns
yxc 2  558.6ns 33.73ns 0.0766ns 464274.5ns 19130952.0** 104.4**
axc 2 21467.2** 211.9* 0.1620ns 732406.5ns 14706754.6** 31.52*
yxaxc 2 197.9ns 210.5* 0.1107ns 387795.5ns 21593155.8**  104.5**
bxc 2 B175.7** 228.2* 0.1197ns 1115.2ns 83779.2ns 1.308ns
yxbxc 2 933.8ns 53.12ns 0.2370ns 286360.1ns 82599.5ns 1.550ns
axbxc 2 5053.7** 230.4* 0.1182ns 769.5ns 293940.8ns 1.213ns
yxaxbxc 2 947.6ns 67.60ns 0.2410ns 290730.9ns 408756.5ns 1.629ns
Total error 48 863.9 62.11 0.1939 319881.9 1752627.8 9.486
CV (%) - 5.759 6.934 1.604 6.707 12.61 6.841

ns, **, *: non-significant and significant at 1% and 5% probability levels, respectively.
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Figure 1. The number of panicles per square meter under the simple effect of year

Table 10. Comparison of the average weight of 1000 grains under the interaction effect of Year x Soil
type x Plant density

Year Soil type Transplanting method 1000 grain weight (g)
First soil type Manual 26.65d
yP Mechanical 28.11a
2021
Second soil tvpe Manual 26.90cd
P Mechanical 27.54b
First soil type Manual 27.450
yP Mechanical 28.16a
2022
Second soil type Manual 27.05¢
yp Mechanical 27.70b

Means with the same letter(s) are not significantly different at the 5% probability level, based on Duncan's test.

Table 11. Comparison of the average number of panicles m? and the total spikelets panicle™ under
the triple interaction effects

Plant Total Transplanting Plant Number of  Total spikelets
Year Soil type density spikelets Soil type method density anicles m?  panicle’:
(plantm?)  panicle® (plantm? P P
First soil 15.9 110.7ab 15.9 535.1ab  114.5bcd
ty'gz S0t 20.8 106.1b Manual 20.8 484.0b 114.1bcde
2021 27.8 122.7a  First soil 27.8 427.0c 134.1a
cecond il 159 122.1a  type 15.9 519.5ab  101.3def
Jgg” O 208 114.3ab Mechanical 20.8 509.9ab  95.88f
27.8 115.2ab 27.8 512.0ab  100.4ef
First ol 15.9 105.1b 15.9 503.8ab  124.1ab
ty':fe S0t 20.8 103.9b Manual 20.8 506.9ab 118.6bc
2022 27.8 111.8ab Second soil 27.8 547.4a 123.5ab
second il 159 116.9ab  type 15.9 510.5ab  114.9bcd
tyeif” O 208 112.7ab Mechanical 20.8 513.6ab 108.4cdef
P 27.8 122.4a 278 554.6a 114.1bcde

Means with the same letter(s) are not significantly different at the 5% probability level, based on Duncan's test.
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Table 12. Comparison of the average grain yield, straw, yield and harvest index of rice under the
simple effects of soil type, transplanting method and plant density

Soil type Grain yield (kg ha™)

Transplanting

Straw yield (kg ha®)  Harvest index (%)

method
First soil type 8048b Manual 10866a 43.97b
Second soil type 8817a Mechanical 10130b 46.07a
Plant density (plant m?)
15.9 8215b - - -
20.8 8396b - - -
27.8 8687a - - -

Means with the same letter(s) are not significantly different at the 5% probability level, based on Duncan's test.

Table 13. Comparison of the average grain yield, straw yield, and harvest index under the

interaction effect of Year x Soil type x Plant density

Year Soil type Plant density (plant m?) Straw yield (kg ha?)  Harvest index (%)
15.9 8768c 47.60a
First soil type 20.8 9003c 47.25ab
27.8 9078c 47.45a
2021 15.9 10058c 46.70ab
Second soil type  20.8 15039a 37.00d
27.8 12927ab 42.04bcd
15.9 9039c 46.73ab
First soil type 20.8 9213c 46.77ab
2022 27.8 8834c 47.69a
15.9 10754bc 43.15abc
Second soil type  20.8 10040c 46.97ab
27.8 13221ab 40.92cd

Means with the same letter(s) are not significantly different at the 5% probability level, based on Duncan's test.
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