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Introduction.

Rice (Oryza sativa L.) is recognized as one of the earliest cultivated crops, providing essential nutrients for
human growth and health. One of the major challenges today is the severe limitation of arable land available for
rice production. This issue is particularly critical in countries with arid and semi-arid climates and limited water
resources, such as Iran, where rice cultivation requires substantial amounts of water. Ecological intensification is
an approach that optimally utilizes natural resources to enhance productivity while minimizing negative
environmental impacts. The present study aimed to investigate the effects of various cultivation systems on the
quantitative and qualitative characteristics of rice (Tarom Hashemi cultivar).

Materials and Methods

This study was conducted through two separate experiments based on a randomized complete block design
with four replications, under nursery and field conditions in the city of Babol, Iran, during the 2022 and 2023
growing seasons. The experimental treatments included three cultivation systems: the System of Rice
Intensification (SRI), an intermediate system, and a traditional system. In the nursery, seed densities for the
ecological intensification, intermediate, and traditional systems were set at 100, 200, and 300 g.m2, respectively.
In field conditions, treatments included transplanting ages of seedlings (20, 30, and 40 days), planting densities
(25, 30 and 20 plants.m), irrigation regimes (water deficit as alternative water, saturated irrigation at the soil
level, and permanent waterlogging in 10 cm above the soil), and the number of seedlings (1, 4, and 8 seedlings
per hill). The traits under investigation included seedling length, stem diameter, and root diameter at the time of
transplanting from the nursery to the field. Evaluated quantitative traits included growth characteristics (panicle
length), yield components (percentage of unfertile grains and number of productive tillers), biological yield,
paddy yield, harvest index, and quality traits (amylose content and gel consistency temperature).
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Results and Discussion

The results from the nursery experiment indicated that the main effect of planting systems on stem length,
stem diameter, and root diameter of seedlings was significant. Except for root length, the interaction between
year and planting systems was not significant for the other traits in the nursery. In the ecological intensification
system, stem diameter, stem length, and root diameter measured 24.5 cm, 4.1 mm, and 0.52 cm, respectively. In
both years, the longest root length observed was 13 cm in the ecological intensification system. In contrast, the
lowest values for these traits were recorded in the traditional system. The examination of quantitative traits of
rice in field conditions revealed significant interaction effects between year and planting systems on the number
of fertile tillers. The highest number of fertile tillers was recorded for SRI. The effect of planting systems was
significant on both biological yield and paddy yield. The maximum biological yield (2.9 kg/ha) and paddy yield
(0.83 kg/ha) were associated with SRI. The highest amylose content and gel consistency temperature were found
in the ecological intensification system (with 22.7% and 3.7, respectively), while the traditional system exhibited
the lowest values (with 21.5% and 3.0, respectively). Correlation coefficients between paddy yield with panicle
length (r = 0.98**), number of fertile tillers (r = 0.99**), and biological yield (r = 0.97**) were all positive and
statistically significant at the 1% probability level.

Conclusion
Overall, the results of this study demonstrate that the ecological intensification system outperformed the
other management systems and can be considered an effective approach in ecological management. This
contributes to sustainable production, food security, and improvements in environmental characteristics.

Keywords: Amylose content, Fertile tillers, Gel consistency temperature, System of rice intensification
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Table 1- Meteorological information from the synoptic station where the experiment was conducted in the 2021-2022 and
2022-2023 growing seasons
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Table 4- Analysis of variance (mean of squares) for growth traits of rice seedlings influenced by cultivation systems under
nursery conditions in the 2021-2022 and 2022-2023 growing seasons

ey (ke
S palio &3l as o Mean of squares
S.0.V df aalS Job FEPURNCY by y Dgd5 Gos Ay y ylad
Seedling length  Stem diameter  Depth of root penetration  Root diameter
Lo
J 1 1.71m 0.144ms 0.499m 0.0007"
Year (Y)
b s 6 0.398 0.044 0.117 0.001
r(y)
S glaplas *ox . ok o
. 2 429 0.754 90.8 0.083
Planting systems (P)
YxP 2 1.09m 0.049m 1.10™ 0.0006"
Sl 12 0.173 0.038 0.087 0.001
Total error
Sl e 1.90 5.13 3.23 8.00
CV (%)

)3 Ko Jlosn] gaws )3 (gyI> xe 9 (5yI3 e pis i FFG NS
" and **: indicate non-significance and significance at the 1% probability level, respectively.
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Table 5- Mean comparisons for the effects of planting systems on the characteristics of rice seedlings in the nursery in the
2021-2022 and 2022-2023 growing seasons

CuiS Sl g Job JERA autyy b
Planting systems Stem length (cm)  Stem diameter (mm)  Root diameter (mm)
g oS 245 4.12 0.52°
Ecological intensification
|
g 20.4° 3.60 0.50°
Intermediate
|
& 19.8° 3.5 0.33
Conventional
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* Similar letters indicate no significant difference based on the Duncan test at the 5% probability level.
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Fig. 1- Mean comparisons for interaction between effects of year and planting systems on the root penetration of rice
seedlings under nursery conditions in the 2021-2022 and 2022-2023 growing seasons
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SRI: System of rice intensification, IS: Intermediate system and CS: Conventional system.
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Table 6- Analysis of variance of rice growth traits under the influence of cultivation systems in field conditions in the 2021-
2022 and 2022-2023 growing seasons

Ol o (Sl
Mean of squares

@
WWETIP 19 . W asdiww dlasi ) 3 Slos 3 ,Slos s
”:o_c\a/ &33! s adgd Job o) doy dlan . . ol
df S Panicle Number of fertile ) I Cudld
Number of unfilled length tillers Biological Grain Harvest index
spiklets yield yield
Ju 1 9.29™ 960™ 0.375"™ 0.007" 0.001™ 0.700m™
Year (Y)
o ol 6 0.061 0.017 0.153 0.004 0.001 0.506
Error (Y)
Planting systerms 2 465~ 116" 884" 8.95" 0.384™ 626
)
YxP 2 5.40™ 0.736™ 1.50™ 0.0004"s 0.0003m 1.82m
S oles 12 0.124 0.036 0.111 0.001 0.0003 2.58
Total error
Sl 5.92 0.717 1.86 2.14 3.15 4.18
CV (%)

Daoyd o Jlos] pdaw 3 ()b me g (5yId xe pae sy KK NS
" and **: indicate non-significance and significance at the 1% probability level, respectively.
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Table 7- Mean comparisons for growth traits of rice affected as planting systems in the field seasons

Culs’ sl g2 swazdi awigs Job W2 53 sk dxy dlas
Planting systems Unfilled clusters (%) Panicle length (cm)  Number of fertilized tillers (No.plant)
S| il 3,53 30.3° 29,50
Ecological intensification
el 6.05° 26.20 14.2b
Intermediate system
&b 8.19° 22.8° 9.36°

Conventional system
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* Similar letters indicate no significant difference based on the Duncan test at the 5% probability level.
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Table 8- Mean comparisos for effects of planting systems on biological yield, paddy yield, and harvest index of rice

CwiS ol g § 3 ySdos 4l 3 ,Slos Cudld g ol
Planting systems Biological yield (kg.ha') (kg.ha') Grainyield Harvest index (%)
d“"_j’j 5 ‘ ‘”l‘“f"_‘u . 29000 83002 28.6°

Ecological intensification
bely » 12000° 5500P 45.82
Intermediate
&) 9400° 3900° 415
Conventional
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* Similar letters indicate no significant difference based on the Duncan test at the 5% probability level.
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Table 9- Analysis of variance (mean of squares) for rice quality traits influenced by cultivation systems under field conditions

©la e nbe
i aalio &3l as yo Mean of squares
S.0.V df 59l duoy O AV 5 b o
Amylose percentage Gelatinization
S 3 0.0207 0.01™
Replication
i slapls 2 1.02* 0.35%*
Planting systems
s 6 0.09 0.02
Error
et e 1.36 4.34
CV (%)
CulS sl 9ol a0y O WY 0y
Planting systems Amylose (%) Gelatinization
&59595‘ Silwed pid _ 22672 3.652
Ecological intensification
bly 2> - 22.05% 3.13
Intermediate
&) - 215 3.00°

Conventional

A o )d S g hoyd gy Jlein] w3 (600 gize g (gD size pas 0xBO LS (T Sy sk g % NS
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ns, *, **: representing non-significance and significance at the 5% and 1% probability levels, respectively.
* Means with at least one similar letter in each column are not significantly different based on the Duncan test at p < 0.05.
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Table 10- Correlation coefficients between quantitative traits and quality of rice affected different planting systems
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Traits Unfertilized ~ Panicle  NUMPeT 0T Biological  Paddy  Harvest ercentage  Celatinization
- productive - - - p )
spiklets length . yield yield index
tillers
Sop gloazlin
Unfertilized 1
spiklets
Panicle length
295k sladomy dlass
Number_ of -0.88** 0.97** 1
productive
tillers
ey 3 Nas
Bio|ogica| -0.84** 0.94** 0.99**
yield
b 3 Sloe 0.88%%  0.98%* 0.99** 0.97* 1
Paddy yield
il L"» L 0.67** -0.77** -0.87** -0.92** -0.80** 1
Harvest index
jokee!
Amylose -0.92** 0.99** 0.94** 0.93** 0.99** -0.74* 1
percentage
e -0.91** 0.94** 0.99** 0.99** 0.98** -0.88** 0.95** 1

Gelatinization
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**and *: are significance at the 1% and 5% probability levels, respectively.
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