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Background and Objectives: Conventional nutrient management practices adopted

by rice farmers, often without considering soil fertility status, together with
the rising cost of agricultural inputs, particularly chemical fertilizers, can
adversely affect the productivity and profitability of this strategic crop.
Therefore, implementing a nutrient management approach tailored to soil
fertility status can improve grain yield, enhance farmers' economic returns,
and contribute to the sustainable production of rice at the national level. In this
study, the contribution of indigenous soil nutrient supply was quantified, and
the effects of different nutrient management approaches on grain yield and
economic productivity were evaluated and compared with the conventional
nutrient management practices of rice farmers.

Materials and Methods: This study was conducted during the 2022—2023 growing

season in the paddy fields of Sangar District, Guilan Province, Iran. The
experiment was carried out in nine farmers' fields using a randomized
complete block design (RCBD) with six treatments and nine replications.
Composite soil samples were collected from the 0-30 cm layer of each field
to determine soil fertility status. The experimental treatments consisted of: (1)
nitrogen omission (NOPK), (2) phosphorus omission (NPOK), (3) potassium
omission (NPKOQ), (4) soil test-based fertilizer recommendation (NPK), (5)
seed pretreatment combined with soil test-based fertilizer recommendation
(N1P1K1), and (6) farmers' conventional fertilizer management (Farmer).
Seed pretreatment was carried out using a nutrient solution containing 5%
seaweed extract, zinc, potassium, phosphorus, and nitrogen. Rice seedlings
(Hashemi cultivar) were transplanted in all experimental plots. Grain yield
was determined at a standard moisture content of 14%. The contribution of
indigenous soil nutrient supply and the economic performance of the different
nutrient management strategies were evaluated.

Results: The soil fertility assessment of the experimental fields showed that the

average contents of total nitrogen (0.17%), available phosphorus (9.82 mg
kg™), and soil organic carbon (1.66%) were below their respective critical
levels, whereas available potassium (315.56 mg kg™) was above the critical
level. The average indigenous soil nutrient supply of nitrogen and
phosphorus was estimated at 22.21 and 5.82 kg ha™2, respectively, indicating
that these two nutrients were the major limiting factors for rice production in
the study area. The lowest grain yield (1,855 kg ha™) was recorded in the
nitrogen omission treatment, whereas the highest grain yield (4,482 kg ha™)
was obtained under the soil test-based nutrient management approach.
Economic analysis demonstrated that the highest economic return was
achieved under the soil test-based nutrient management approach combined
with seed pretreatment using a nutrient solution. Compared with the
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conventional fertilizer management practiced by farmers, this integrated
approach increased economic profit by 39%, resulting in an additional net
profit of 506,485,000 Rials.

Conclusion: Given that farmers' management of agricultural inputs, particularly
chemical fertilizers, is often carried out without considering soil nutrient
requirements, and in view of the increasing cost of agricultural inputs, the
economic evaluation of fertilizer recommendation strategies has become
increasingly important for farm households. Implementing a soil test-based
nutrient management approach combined with seed pretreatment using a
nutrient solution, while accounting for the contribution of indigenous soil
nutrient supply, can prevent excessive fertilizer application and ensure that
nutrients are supplied when rice plants require them most. Consequently, this
integrated nutrient management strategy not only improves grain yield but
also increases economic returns by 39% compared with farmers'
conventional nutrient management practices.
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Figure 1. Geographic location of the study area and the nine selected experimental farms in Sangar District.
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Table 3. Geographic locations of the nine paddy fields in Sangar District and descriptive statistics of the soil physical
and chemical properties.

EC pH CEC OC TN AP AK soil texture/sB.cél UT™M UT™Mm village /tiwg, number
142 687 3047 193 020 212 320 Silty clay/ s, 4117508 387993  Nashroudkol/ Jsss, 1
105 736 3071 137 015 84 300 Silty clay/ sy 4110774 386522 Vishkanank/ Sl 2
112 751 3419 133 015 68 310 Silty clay/ ilws sy 4117258 386792 Nashroudkol/ jsss,s 3
117 723 3461 160 017 104 330 Silty clay/ s, 4114795 387376 Banakdeh/s.e, 4
084 764 3043 074 010 68 280 Silty clay/ s, 4107793 385748 Ghazian/ ;.15 5
074 763 2283 082 011 24 240 Silty C'E‘XOL;;@*“@ Y 4100119 387043 Ayenevar/ s 6
264 639 3115 464 036 204 400 clay/ ) 4118238 381881  Gilpordsar yuss, kS
098 737 3152 125 0.14 8 290 clay/ ) 4111514 388069  Bazghaledej/jsadsl
109 734 3117 130 015 4 370 Silty clay / sl s, 4119477 386375 Omshe/ s

Descriptive statistics /o ol
074 687 2283 074 010 24 240 - - - Minimum oS
264 764 3461 464 036 2120 400 - - - Maximum Iy i
122 732 3082 166 0170 982 315556 - - - Average [oSilee
109 736 3116 132 0149 8 310 - - - Median l6o

S T 8 10C (auoy) IS 5955 TN 5 5hS 52 )5 o) SK- osliinl BB s :AP (5 ,55hS 1 p)5 o) S 3litol B8 pusliy 2AK ¢ olilis Jsb 5 bl jin oye :UTM
ey oten o) (S pSIl culan EEC 5 S STy PH (S 5 olS 1 b o iil) (asls Jsls cudyls :CEC (s )
UTM: latitude and longitude, AK: soil available potassium (mg/kg), AP: soil available phosphorus (mg/kg), TN: total nitrogen (percent), OC: soil organic
carbon (percent), CEC: cation exchange capacity (centimole bar/kg soil), pH: Soil pH, and EC: electrical conductivity (ds/m)
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Table 4- Paddy yield (kg/ha), soil native nitrogen, phosphorus and potassium supply (kg/ha) and percentage of
recovery efficiency of these elements in the studied fields.

(Kg/ha) Yield/s ,Sdos

REx RE; REx IKS IPS INS 7:) farm Jas 50
(%) (%) (%) (Kg/ha)  (Kg/ha)  (Kg/ha) NIPIKI NPK KO PO N0 purmer
manag
ement
0 193.54  95.80 54.44 6.18 34.07 5405 4834 4188 2686 2621 3750 1
0 27.26 54.65 49.31 6.11 23.47 4552 4071 3793 2658 1805 3300 2
0 20.92 50.80 43.82 6.03 21.36 4258 3808 3371 2621 1643 3200 3
0 36.56 58 50.78 6.12 28.09 4743 4243 3906 2662 2161 3600 4
48.24 11.99 31.50 39 5.38 17.23 3753 3357 3000 2339 1325 2834 5
2654 2537 27.57 36.70 521 17.23 3721 3328 2823 2264 1325 2800 6
0 313.84 18852 59.01 6.58 34.52 5565 4977 4539 2861 2655 3750 7
73.43 19.02 37.41 41.60 5.47 20.58 4176 3735 3200 2377 1583 2969 8
0 90.28 44.48 39 5.38 20.58 4173 3732 3000 2340 1583 2909 9
26.54 9.28 27.57 39 521 17.23 3721 3328 2823 2264 1583 YA-- minimum g oS
7343 313.84 18852 59.01 6.58 34.52 5565 4977 4539 2861 2655  YVo-  maximumgyyiie
1646 73.08 65.41 45.96 5.82 2221 4482 4009 3535 2534 1855  YYYY Average Sl
- 7.66 50.02 - - - - - - - - - Average .Sl

pie (sline & g 5o (52 ol e ool > s 235 anl Sy 3 S olad A5le it 50 55 5> g e 9 (g bl oy el (gne 4
slayles ey 4 KO PO NO 639 15,95 55 005 adllas £)l50 1500 b dunlie 3 (i SB og ks jl &)l50 o) sl S Liolo] gl a 45 b iy 365 B puno
A e i 5 elizl adlsly SB iulesl 9 SB iolejl ulel 5 365 G slayles coiy 4 NIPTK g NPK csin pawlts 5 yid o955 Gpne (9
IKS (Indigenous .S g s IPS (Indigenous Phosphorous Supply) .S s e INS (Indigenous Nitrogen Supply)

Lgs oo ol 2oy s yguods 45 A manlty g yind (59,05 €b3b o]y cuiy 4 REK s REp REN.SK o9 wawl Potassium Supply)
*Means the average nitrogen and phosphorus recovery efficiency excluding exceptional farms such as number seven and one. The number zero
in the potassium use efficiency of some farms means that no potassium fertilizer was used according to the soil test results. These farms had
more native soil potassium compared to the other studied farms. NO, PO, KO, are the treatments without nitrogen, phosphorus and potassium,
respectively. NPK and N1P1K1 are the fertilizer use treatments based on soil test and soil test plus seed pretreatment, respectively. INS
(Indigenous Nitrogen Supply) Native soil nitrogen. IPS (Indigenous Phosphorous Supply) Native soil phosphorus. IKS (Indigenous Potassium
Supply) Native soil potassium. REN, REP and REK are the nitrogen, phosphorus and potassium recovery efficiencies, respectively, expressed
as a percentage.
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Figure 2 . Relationship between Indigenous supply of total nitrogen and soil organic carbon, Indigenous phosphorus
and soil available phosphorus, Indigenous potassium and soil available potassium.
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Figure 3 . Relationship between total nitrogen, phosphorus, and potassium in soil with native supply and Recovery
efficiency.

s )S L5 )3 olS Ll jd polie ol sog el 9 S5 oolitl
b duslio ;0 el Bl )8 0 3 Slas GBI ol oS
P A aed o b dmd Cpl g eSS Bl e S Ko
bl do 5 > g2 4y eyl &8 (ABlgo 00 aslllas 4ol
Chgo y5b 4 diiS ans 1) 4l sladgs ) (S wilgs (golaid]
A b dugliio 3 1) 3 Slee SIS 1 jioS pawly 398 Bl
e i oo yol cpl Y 515 sl sbol bis slacs )
Ol S o el 400 )3 9 S odlisol LB rsliy i
o Dy ply Bl oS S0 b auslio ) olS (4lp
o deyjo &5 53 (055 Cglite (sladSug) (ke dunylio
oobol 48 Cupie jles a8 (b ¥ JSE) ob lis s
GHe polie Jsba b ) sl adlol 4 S k]
Cundg b baylls o 1) Sels 5,Slas o i (NTPIKT)
lesd opl (90, os 03gae izl S cuglatio (6ol
P 5hS DOFO b j0t,] (cliung) )3 aly JlSa 15 p S olS YYYY
PSS FEAY (S5l s oy LS (sligy 15 Bly o
5ySes Ll el Cuwlys Jlog opl g Sy Seulis
Copdo b duslie ;0 S jd p,55LS FYY jlide & Seds

S gk 3 Sl
Copde (ld,Sogy , sdel Cumdt 3,8les 5 ol yolie

Oiulejl wlol p 4l Copie s SB (ilejl ol p aydss
(F) oo 5o i polis Jsbre b 5 Jlogs ailolyy S
P ey a Seld 0, Ses pyieS Cuwl old 0l LS
Jole 3 s34 15 oaalie Jhud g (o5t (Bl (slaless
ol 3 Jhed g Gigyis polis olS Ab) 0aSdgae des
el Jelie o e > Sailis 5 Slas atoly .09y lelles
 dugliio 3 (ESa 53 p,SokS PYYF [ Silo L ¥VO- b YA«
FAVY B YYYA aialy) S Gislejl wlol p 4l copie
Al 1) g a8 jlwe (IS ) p)SelS ¥eet (0l
(LS 3 )Tk YA- BV +) 09 e jl ()59 5t 95 B e
bl 32 (6355 dpog b auglie )3 g)l5 Jghie 435 oyt 3
2 g5 cawlite (JuSa jd p )5S VY- B V) SB kel
oy 395 9 L3 )90 e Sl oS 0)0u8 365 3 )lga I (g b
B gyl Jglite o pte 53 0LS 5153550 Hlade 5l iy Hlows
B olie e &S Cusl oyl onima s loazdl oyl 0



Ol e )L Bl s petla By iy 535 Sae s e (glas Sy sl —kupa 4l5) MIA

Dediee Fiwgd Gl g ady) ollae W) la Sl
Gl el el (22355 e g B9, loj guone Cupde
Clr LS Gl g (S ) ot (s s )
29500 ol Pl sl (3blie Sl g)lku 53 98 o0 0lS Lawgs
GBS S5 3 5 S hlejl e sladolyy (gl 2l 08
(Dobermann g oo duogs 385 (23355 4 olS a8ly ;L

.and Cassman, 2002)

P~
QD
=

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

Yield (kg/ha)

NPK N1P1K1 farmer
Experimental treatments

NOPK  NPOK  NPKO

(=3

(

Yield (kg/ha)

S )3 pySolS VYAF 5 (NPK) S5 igloj] olsl 2 05
&Sl opl oxadylis al pl 0gd g)l5 Jglite e
9 P9 Sl Wy b (ol polie Jole b )h Jleisin
My by b ol glie Ol )3 390 el ady) hpuS
4 gl &> )l ()59 g aded )3 &l Sl 9k slaaey
Slp @ (aF JS8) S S8 e yobds g 3Shes
1l ol yolie S ke 4 3,Ske IS5 als
el yolie pl die Capde 3)15 5l mawlby ud ()59

BNPK
BNPOK

BNPKO
BENOPK

mN1P1K1

O farmer

6000

5000

4000

3000

2000

1000

1 2 3 4 5 6 7 8 9
Surveyed farms

(b)) 61500 A y50 43 yd Ay dis Blishe (13,559, 9 () Sl d,Slos p dydnd oo (GBS gy (mSlho dan lle —F JSUS
Figure 4 - Comparison of the average effects of different feeding approaches on paddy yield (a) and different feeding
approaches in nine paddy fields (b).
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Table 5. Average paddy yield (kg/ha), cost and profit (rials) per hectare, different feeding approaches in the Sangar
sector in 1402.

NIPIK1 NPK &1 Sy G Syl pasld
management farmer
4482 4009 3234 Yield /5,8 bos
1837620000 1643690000 1325940000 Product price [ Jgan Cuasd
35694000 33194000 304999000 Fertilizer cost /345 a3
1248 775 Difference in 5,8 kee cglis
performance . .
compared to &l e b dnolie
farmer's custom
1801926000 1610496000 1295441000 profit [3gu
506485000 315055000 Difference in

4 [ o dgus BB
profit compared
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custom
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Table 6 - Percentage changes in paddy yield, cost, profit, different feeding approaches compared to farmer's usual
feeding management in Sangar sector.

N1P1K1 NPK sy padla
+38 +24 Yield /> Slee
+17 +8.83 Fertilizer cost /555 4 30
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Figure 5. Comparison of the average effect of different feeding approaches on the economic yield of rice in the studied
Sangar farms.
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