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Background and Objectives: Rice is considered one of the most important staple

foods worldwide, and ensuring adequate nutrition is essential to prevent yield
reduction. Given its central role in the global food basket, the demand for rice
continues to rise steadily. Therefore, identifying scientific and practical
strategies to enhance rice production—especially in response to rapid
population growth—is crucial. This study was conducted to investigate the
effects of foliar application of seaweed extract and NPK chemical fertilizer on
rice yield and its components.

Materials and Methods: This study was conducted during the 2024 growing season

at Sari Agricultural Sciences and Natural Resources University, using a split-
plot design based on a randomized complete block design (RCBD) with three
replications. The main plot treatments consisted of different concentrations (0,
2:1000, and 4:1000) of seaweed extracts from Ascophyllum nodosum and
Ecklonia maxima. The subplot treatments included varying concentrations (0,
2:1000, 4:1000, and 6:1000) of two chemical fertilizers: 20-20-20 and 12-12-
36 (NPK). Foliar application of the seaweed extract and chemical fertilizer
was carried out at key physiological stages: stem elongation, flowering, and
the grain dough stage. In this study, the following traits were measured: seed
yield, straw yield, biomass yield, harvest index, panicle length, plant height,
number of effective tillers per hill, number of filled and unfilled seeds, and
thousand-seed weight.

Results: The results revealed that the simple effects of fertilizer and seaweed foliar

application, as well as their interactions, had a significant impact on rice yield
and its components. The highest seed yield was obtained from the treatment
with a 4:1000 concentration of Ascophyllum nodosum combined with a 6:1000
concentration of (12-12-36) fertilizer (6314.1 kg ha), which represented a
71.49% increase compared to the control. Straw yield increased by 67.44%
with the 4:1000 concentration of Ascophyllum nodosum compared to the
control treatment. The maximum values for thousand-grain weight and
biomass yield were observed with the 4:1000 concentration of Ascophyllum
nodosum in combination with the 0.002 and 0.006 concentrations of (12-12-
36) fertilizer, respectively. These represented an increase of 8.33% and
70.52% compared to the control, respectively. The highest number of filled
grains per panicle was associated with the treatment combining the 4:1000
concentration of Ascophyllum nodosum and the 4:1000 concentration of (12-
12-36) fertilizer.
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Conclusion: The combined application of seaweed extract and chemical fertilizer
increased seed and biomass yield. The highest straw yield was associated
with the 0.004 concentration of Ascophyllum nodosum; however, foliar
application of chemical fertilizer alone did not result in a significant increase
in straw vyield. Therefore, this study found that the application of
Ascophyllum nodosum extract at an appropriate concentration, alongside a
high-potassium fertilizer, had the greatest impact on enhancing yield and
improving yield components. The seaweed Ascophyllum nodosum
demonstrated superior results compared to Ecklonia maxima, suggesting its
potential as a nutritional supplement for promoting rice growth in the paddy
fields of northern Iran.
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Table 1- Results of some physical and chemical properties of the studied soil.
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Table 2. Prices of rice (IRR per kilogram), inputs of NPK chemical fertilizer (IRR per kilogram), and seaweed
extract (IRR per liter) for the 2024 cropping year (thousand IRR).
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Table 3. Analysis of variance of yield and yield components of rice as affected by seaweed extract foliar application and NPK chemical

fertilizer.
Coild 1 ad L olS gl )l ovloga 3,Sdes ol5' 3 Sl 4l 5,Slos NELEYSY) ) Slowd
Harvest Index Plant Height Biomass Yield Straw Yield Seed Yield df Feature treatment
0.002 0.886 918378.3 1048954.4 47311 2 Sok
Block(R)
S
0.0448** 1529** 62642496+ 825800627** 16350658** 4 il
Seaweed (A)
0.0062 14.94 2102362 1657007.8 858107.61 8 R*A
0.007 ns 8.23ns 9511547 ** 5647371* 1254106* 6 &w A’g
Chemical fertilizer (B)
0.006 ns 13.43 ns 5133916** 2708390 ns 1294466 ** 24 A*B
0.006 17.27 2018598 2170769.2 609503.2 60 ELB
rror
17.25 3.6 13.91 26 16.21 cv
D yig0 douy oy S a1y dlass ;
s 32 039 7P e Whgd 53y SBl> dlasd adgh Job 3ljl a2y 39 ot
&5 Auigd 5 '
. . Number of -
Thot{/svaer;dh(t;ram Nu[l]jitl)lil;:f eEﬁﬁiclflve Unfilled Seeds Number O;Z:ilslc; Seeds per Panicle Length df Feature treatment
Y P per Panicle
0.053 201 84.37 94.52 0.212 2 Sk
Block(R)
6.14** 5.94* 17.19ns 2943** 21.36** 4 S
Seaweed(A)
0.053 1.545 17.13 261.07 0.905 8 A*R
1.95%* 5.45* 111.91** 351 ns 1.95ns 6 “JLM Jf
Chemical fertilizer(B)
0.177** 1.61ns 51.99* 493** 0.224 ns 24 A*B
0.061 1.79 29.99 221.44 1.069 60 .
Error
0.969 6.26 24.95 15.93 4.03 cv

* Significance at the 5% level
** Significance at the 1% level

ns: Non-significance
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Table 4. Comparison of the mean interaction between seaweed extract foliar application and NPK chemical fertilizer on seed
yield (Kg per hectare).

2k S350 93 rskdsSwl e i )3 ke eskdsSw] )32 53 9> Sl
2 o9 Sl 3
lanSToliiplTyli laguSToliiglsT Y Y
0.004 Ecklonia 0.002 Ecklonia 0.004 Ascophyllum 0.002 Ascophyllum Without Seaweed
maxima maxima nodosum nodosum seaweed Fertilizer
3532.3 -l 3018.3 ki 5153.9 a-g 5694.4 a-d 47355 c-i (20-20-20) 0.002
3885.5 g-1 4089.8 f-k 5958.5 a-c 5577.3 a-e 5681.3 a-d (20-20-20) 0.004
3614.3i-h 5566.2 a-e 4611.6 d-j 6089.0 ab 5526.0 a-e (20-20-20) 0.006
4470.5 d-j 3845.0 i-h 5248.1 a-f 5132.7 a-g 5167.5 a-g (12-12-36) 0.002
3939.4 g-l 3415.0j-1 54115 a-e 6259.2 a 5146.6 a-g (12-12-36) 0.004
2660.05 | 3627.5i-h 6314.1a 5344.8 a-f 4857.3 b-h (12-12-36) 0.006
4106.6 f-k 4362.9 e-j 5257.7 a-f 5327.2 a-f 3681.9 h-1 > o9

Without Fertilizer

ool LSD (9051 ol o3 & Jlois] grbans j3 (g)lo] I e coglis 36 S jitio g o b By (sl poalie Jlos oy
Within each column, means followed by a common letter are not significantly different at the 5% probability level according to the LSD test
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Figure 1. Comparison of the mean effect of foliar application of Ascophyllum nodosum (As) and Ecklonia maxima

(Es) seaweed extract on straw yield.
Within each column, means followed by a common letter are not significantly different at the 5% probability level

according to the LSD test.
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Figure 2. Comparison of the average effect of chemical fertilizer foliar application on straw yield.
Within each column, means followed by a common letter are not significantly different at the 5% probability level
according to the LSD test.

(U2 3 0,55S) (logss ,Shas (59, NPK (2lbossd 395 5 253 Sl 0,bas ouily Jolone lite 00151 (5eSilie dumnlio —0 Joa
Table 5. Comparison of the mean interaction between seaweed extract and NPK chemical
fertilizer foliar application on biomass yield (kg per hectare).

Lo SLListT 150 5 e lonnSLlishiT 150 13 95 ajlogs askbsial 32,5 ,ka ooy mobisisl J3a 055 el gt 395 Sela

0.004 Ecklonia 0.002 Ecklonia Ascophyllum 0.002 Ascophyllum Without  Seaweed
Maxima 4/1000 Maxima 2/1000 Nodosum 4/1000 nodosum seaweed Fertilizer
7340 k 7550 k 12811 a-c 9995 e-i 8387 h-k  (20-20-20)
2/1000
9436 f-k 9484 f-k 12553 a-d 11824 c-e 10377 d-h  (20-20-20)
4/1000
8375 h-k 14164 ab 12925 a-c 13087 a-c 9852 e-j (20-20-20)
6/1000
9895 e-j 8597 h-k 11529 c-f 11550 c-f 8413 h-k (12-12-36)
2/1000
8212 h-k 7263 k 10901 c-g 12707 a-c 9381 f-k (12-12-36)
4/1000
7669 jk 7767 i-k 14761 a 10183 e-h 9378 f-k (12-12-36)
6/1000
295 (g
8465 h-k 10215 e-h 12117 b-e 11507 c-f 8656 g-k Without
Fertilizer
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Within each column, means followed by a common letter are not significantly different at the 5% probability level
according to the LSD test.



YAV /¥ ol / ¥ b/&bdbﬁ}kwgr’b

b ol olablite ol il bl col azily (P<0.01) il
Ol 5le dlis gols (7 Jgia) 39 o see (P<0.01)
ez g 93 glaclale )3 ados Job 5 5 glis)l Hlade o 5l
Sbisine ysbotr poibsi pebdsSi] (o2 Io22) o 5
Jals 5 clale 90 40 lawSlolialsT Suls oylas 4 Cows
Cudlyyy pasld Gliee i Ll (¥ 5 ¥ sl JS3) 250 il

(0 JSK5) canl 30ls oy & by

130 -

Plant height (cm)

125 A
120 A
115 A
110 A
105 A
100 -
95

T2 Ses slia
o las ool Sl aS 3 o oyl u,u.;‘g_)b & 350 guls
olS £l oyd S prdaw 3 ()b ime b ol Sils
lond 355 olws I Lol caily culyy Hasli g adss Jsbo
5 by Sl sl atsly (o)l xe ,:;L, okiblize ¢l il 4
5 3 sdl S g A (g xe ).ul; oo 265
oo 355 5 by Sda cansly (P<0.01) ases o Sy

J32 035 5 (P<O.05) &S )5 S5e oy 3lass 2 (5l sine b

Ec 2/1000

Ec 4/1000

As 2/1000  As 4/1000

Seaweed concentration (cm3/cm3)

oS g, p (Ec) lawasTolialsT o (As) 09/987 oalidaSw] b, Sl o las (il Joloxo ,gls Sl g o - S
Sl 0 LSD (59031 (wlw! 33 dwo y3 O Jlosia ] gelaw 53 (55l] 15 e gl W88 U 45 S e Bgpa U By (5115 gl jlow
Figure 3. Comparison of the mean effect of foliar application of Ascophyllum nodosum (As) and Ecklonia maxima

(Es) seaweed seaweed extract plant height
Within each column, means followed by a common letter are not significantly different at the 5% probability level

according to the LSD test.
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Figure 4. Comparison of the mean effect of application of Ascophyllum nodosum (As) and Ecklonia maxima (Es)
seaweed seaweed extract on the panicle length.
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Within each column, means followed by a common letter are not significantly different at the 5% probability level
according to the LSD test.
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Figure 4. Comparison of the mean effect of foliar application of Ascophyllum nodosum (As) and Ecklonia
maxima (Es) seaweed seaweed extract on harvest index.

Within each column, means followed by a common letter are not significantly different at the 5%
probability level according to the LSD test.
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Table 6. Comparison of mean interaction of seaweed extract foliar application and NPK chemical fertilizer on the number of filled

and unfilled seeds per panicle.

Number of filled seeds per panicle

g 33y gald slaxs

32 53 5k 32 53 93 S FIPLY 32 53 93 Sl g Sl 35
lapuuSloliplsT losmaSToLuiplsT 235195 skl ogjloy) bS]
Ecklonia Ecklonia \ Ascophyllum Ascophyllum Without Seaweed Fertilizer
Maxima 4/1000 Maxima 2/1000 Nodosum 4/1000 Nodosum 2/1000 seaweed
67 i-k 72 h-k 113 a-c 102 a-g 69 i-k (20-20-20) 2/1000
81g-k 99 a-g 111 a-e 109 a-e 83g-k (20-20-20) 4/1000
66 jk 115 ab 84 g-k 119a 94 b-h (20-20-20) 6/1000
84 g-k 90 c-j 108 a-f 89 d-j 91 b-i (12-12-36) 2/1000
98 a-g 88 d-k 120 a 111 a-d 81g-k (12-12-36) 4/1000
84 f-k 87.33 e-k 108 a-f 89d-j 82 g-k (12-12-36) 6/1000
89 c-j 110 a-e 89 c-j 112 a-d 64 k 395 Cyghs
Number of unfilled seeds per panicle Wigh 4> Sy sl dlass
32 3 ke J3® 3 9 32 3 ke SN 9 Sl (g Sl 95
louSloLislsT Lo lolipls] 2951297 osbdsS] 297P97 pskdsS]
Ecklonia Ecklonia \ Ascophyllum Ascophyllum Without Seaweed Fertilizer
Maxima 4/1000 Maxima 2/1000 Nodosum 4/1000 Nodosum 2/1000 seaweed
17 b-d 8e 13 b-e 12 b-e 12 b-e (20-20-20) 2/1000
12 b-e 12 bede 18 be 15 b-e 9de (20-20-20) 2/1000
10 b-e 12 bede 14 b-e 14 b-e 12 b-e (20-20-20) 6/1000
11 b-e 18 bc 11 b-e 11 b-e 12 b-e (12-12-36) 2/1000
10 b-e 11 bede 15b-e 13 b-e 17 b-d (12-12-36) 4/1000
14 b-e 13 bede 8e 10 b-e 10 b-e (12-12-36) 6/1000
19b 18 bc 13 b-e 15 b-e 33a 355 9

Without Fertilizer

sl o LSD Q}oﬂ ool 203 0 Jleis] o p &bl I ime ©glas 8l S e By by By gl polie Hla a o
Within each column, means followed by a common letter are not significantly different at the 5% probability level according to the LSD test
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Figure 6. The mean comparison effect of application of Ascophyllum nodosum (As) and Ecklonia maxima (ES)
seaweed seaweed extract on the number of effective tillers per hill.

Within each column, means followed by a common letter are not significantly different at the 5% probability level
according to the LSD test.
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Figure 7. The mean comparison effect of chemical fertilizer foliar application on the number of effective tillers per

hill.
Within each column, means followed by a common letter are not significantly different at the 5% probability level

according to the LSD test.
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Table 7. Comparison of the mean interaction between seaweed extract foliar application and chemical fertilizer on thousand-

seed weight (g).
M350 ke A3 50 93 32 5k A3 5093 Sl (g 395
lopuSloLuiplsT lopauSloLuislsT 03,1397 oshdsSw] 03,1397 oshdsSw]
Ecklonia Ecklonia \ Ascophyllum Ascophyllum Without Fertilizer
Maxima 4/1000 Maxima 2/1000 Nodosum 4/1000 Nodosum 2/1000 seaweed
24.60 no 2417p 26.23 abc 26.00 b-e 24.33 op (20-20-20) 2/1000
25.00 Im 25.17 jkI 25.87 c-f 25.8d-g 25.1 kim (20-20-20) 4/1000
25.43 g-k 25.23 il 26.10 a-d 26.27 ab 25.43 g-k (20-20-20) 6/1000
25.40 h-k 25.43 g-k 26.40 a 26.37 ab 25.07 kim (12-12-36) 2/1000
25.60 f-i 25.53 f+ 26.10 a-d 26.27 ab 25.70 e-h (12-12-36) 4/1000
25.60 f-i 25.50 f-j 26.37ab 26.30 ab 25.50 f-j (12-12-36) 6/1000
24.77 mn 24.53 nop 25.80 d-g 25.53 f-j 24.37 op 3 oo

Without Fertilizer
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Within each column, means followed by a common letter are not significantly different at the 5% probability level according to the LSD test
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Table 8. Mean interaction of foliar fertilizer and seaweed extract application on net return (net profit) (IRR ha™),
gross return (total revenue) (IRR ha™), and Benefit-Cost Ratio (BCR) from seaweed extract and fertilizer use.

13 4 132 45 9d 132 4 13 45 9d
3253 5k B2 I# )L&—“ ) SR D » Sa o s s
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Within each column, means followed by a common letter are not significantly different at the 5% probability level according to the LSD
test
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Table 9. Correlation results of rice yield and yield components.
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. . seed weight . . Length height
tillers per hill per Panicle per Panicle
-0.256** 0.463** -0.007 ns 0.456** 0.426** 0.583** Seed yield
-0.239* 0.367** -0.020 ns 0.316** 0.290** 0.441** Straw Yield
-0.317** 0.515** -0.019 ns 0.471** 0.436** 0.632** Biomass Yield

«Significance at the 5% level
wxSignificance at the 1% level
ns: Non-significance
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