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Introduction

Sustainable production is essential for ensuring food security of a“growing population.
Despite having a high potential for paddy fields@in_the northern Qrovinces of Iran,
unfortunately, most of these paddy fields are planted only“once a yeaqnd farmers suffer from
seasonal unemployment after rice harvesting until the next yéearsd Secondcrap is one of the
ways to increase land productivity and paddy farmers' income which in turn, prevents their
migration. The second crop is a type of multiple cropping whereithe first crop is harvested
before planting the second crop. Faba™bean (Vicia faba L) is an annual legume with a high
protein content. Faba bean isyconsidered an important food legume crop in Iran, especially in
the northern provinces. Cultivatien of faba bean as a second crop in paddy fields can help
sustainable production. Efficientiaccess to the optimum level of nutrient elements in the soil is
very importantgfor plant growth and development. “The application of nitrogen, phosphorus
and petassium fertilizers is one of'the most appropriate methods to increase crop production.
Determining the optimum Iev}ls of chemical fertilizers plays an important role in increasing
the yield and“sustainable production of faba bean. Therefore, the purpose of this experiment
was to investigate #?orphological traits, yield and yield components of faba bean under
different levels of nitrogen, phosphorus and potassium fertilizers in paddy fields.

Materials and Methods

In order to investigate the effects of different levels of nitrogen, phosphorus and potassium
fertilizers on morphological traits, yield and yield components of faba bean in paddy fields, a
factorial arrangement based on randomized complete block design with three replications was
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conducted in two consecutive seasons at the research fields of Rice Research Institute of Iran
in Rasht. Experimental treatments were three levels of nitrogen (46, 69 and 92 kg.ha™ from
urea fertilizer source), two levels of phosphorus (48 and 96 kg.ha® from triple super
phosphate source) and three levels of potassium (50, 75 and 100 kg.ha™ from potassium
sulfate source). A treatment without fertilizer usage was considered for an independent
comparison. For measuring the yield and yield components of faba bean, ten plants in each
plot were selected randomly after removing marginal effects and the traits were measured.
The protein content of samples was determined by the Kejeldahl method. After measurement
of the sample total nitrogen by applying factor 6.25, the seed protein content was measured.
Data was analyzed using SAS 9.1 and mean comparisons were done Q/ least significant
difference (LSD) test at the 5% probability level.
N\

Results and Discussion

The orthogonal analysis results revealed that the fertilizer treatmenthad a significant effect on
all measured traits of faba bean. The results of variance analysis showed that nitrogen
fertilizer had significant effects on all studied traits of faba bean“except seeds per pod. The
application of phosphorustfertilizer significantly\affected branch number, pods per plant,
seeds per plant, proteimicontent, pod, yield, biological yield, grain yield and protein yield.
Among nitrogen levels, the highestiplant height, branch number, pods per plant, seeds per
planty, 100-seed weight, pod yieﬁ biological yield, grain yield and protein yield were
obtainedhy applying 92 kg.hg‘. The yield and yield components of faba bean were improved
with increasing, rate afgphosphorus fertilizer, and the highest pods per plant (18.8), seeds per
pod (4.6), seeds Perdplant (46.5), grain yield (3996.9 kg.hal), pod yield (13385 kg.ha™),
biological yield (84442 kg.ha™), and protein yield (1233.2 kg.ha™) were obtained due to
addition of 96 kg.ha, The pods per plant, seeds per pod, pod yield, grain yield and protein

yield were significantly increased with increasing rates of potassium up to 100 kg.ha™.

Conclusions

According to the results and due to large areas of paddy fields in northern provinces of Iran,
use of the areas for faba bean cultivation after rice harvesting can be a helpful solution for
sustainable rice production, achieving self-sufficiency and ensuring food security. Overall, the
results suggest that applying nitrogen (92 kg/ha), phosphorus (96 kg/ha), and potassium (100
kg/ha) fertilizers is recommended to achieve maximum yield and sustainable production of

faba beans as a second crop in the paddy fields of Guilan Province.
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Table 1- Chemical and physical characteristics of soil
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Table 2- Meteorological information for experimental site during the growth period of faba bean
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Table 4- Mean comparison of plant traits of faba bean in nitrogen, phosphorus and potassium treatments
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S 59 g 0 Slos

5 Jle A1 Ll g ML Soigls o Slac 2 miliy § hd (333500 So3g8 o sime ST °M°)—~ @ lyly 4520 b
55 LML Soselem o Slas (p it (O Jgu2) wits o gine o onl sl \pileyT Lol gBRgSE o Jiline S
Jolo JSa 3 o SsS FAVFE 5 PREFY F1FRD o Sile b (o s ks 5 i 10335 d 510055 ol 0 50L
5 e o35t Pl 4 Ol on (alrond Slogg] S L Yl Kool o,Slos SR (ol s 31 6 Jaur) a
lopll iy 0y g Fiogid oot el (el Gilidl (lie polie s GRGEE 054 0l (o yisd L opslty
35kas jid 5 9y saoS ool GG b oS b 5,155 Binlesl o (Gan et al, 2008) o5 o sl a5 e
Ve e b gy st )5 e o Mloe iy a5 BisSay il ialidl s o sine ysbas Bl Syl
Shahdi Kumleh ) sl Bhosa, S SR £oLS Ve v G e b 3o jind oo o 5 S 40 0y o, okeS
S o e 055 8,5 LSO o,)’ aS 5,5 5,158 (Shah Mohammadzadeh, 2022) ooljae>e0lss (et al., 2017
5 ol 095 sla L u,u\Lo‘ b 085 Byas pas jled 4 S ML SUSden o, Sles sy Y/F uoldl cel
25 oanlive (5)lo gxe Dglas 5 i

Q18 0 Slos

2oy S Jliol whaw 8L wls o Shee  penliy 5 b (Gigr slaless S lly 45 s 4 4 L
Shp Jyl Jlo o cas Giolosl pgo Jlo ;o ails o Shae 4 ols yLis Waools 1Sl dlie s (O Jsuz) 09 o e
g g, als dlawd og yius 4 lgee 1) ped Jlo o wils o Slae jog iy g I Sxe (55 pl Mz e s
O3Bl ols i (0l 0,90 plal sbools ;o o%igas yiinn glod g S S)L) Jlw ol jo olee g ol sclue Lyl

o Sl B ol el JiSa 15 p,TohS Vee 5 8 QY & (i ety 5 i gyt sloosS sk



5 e slawy ioldl 4 lgi o)) oleond $losS B ras (iolBI L alls o Slos (0gr i (F Jooz) ol ails o, Slas
Sl G W, &l slass g dlg

S5 Sl s o Shas S ool o 5 0, 0,5 Jobo 5 aloz | oLS (slopunsia 2 il b 3,5
o,lal BMe ¢ IS i, el a4 e oo paliy 955 008 L o Slee iuli8l Lol LYo 51 (Wang et al.,, 2016) s )ls
LWL awls o Slos o yiion a5 0,5 5,135 (Shah Mohammadzadeh, 2022) ol juesolis (Souza et al., 2008) »,5
o,Sbes ulal by flas il s s YAD aals [led 4 Cans a5 dwl Cawody [LS 10 59,05 0,5 5lS B0 B pae
Weldua et ) sls s ol Joleio 385 5 ol puneds (sloois] 8 0 j0ud 285 4 oleee |y yaud 055 B8 pan b &l
b s 3,Sas 51 i 355 51 45 5,5 23 (Shahdli Kumiehgt al, 2017) ol Son sgfliss’ ssecs el 2012
Sladlas jo .0l LS ;0 6,55l YAF ol 4 ails o Slee 20158 el jaud Cﬁla.w&.ﬂ)‘é‘ aS slBegS a3 Hlo cine
GESo 55 o 55 TIVE) Sl als o Shoe U531 o iS5 0,55 gt 5 5 35 0,15 o8 i i I35
5 p5slS YRAY i ay 5 iy g3 g,y als Sikes (LS 5 2,5 5hSV0+) Jad G rae aliil b ool o
(Alipour et al., 2017) suw, LS
wld gy 8,5 des 9 (5l
WS 8 el 5 i B oS, (2 S et gl 19) 5 stee 455 15 (55
e o2 M o 0 Q Uyl osinn o B 1 e oS o iz 515 Jl 51
b SLS W Spas hed Beladl )0 (i ol Cesody LS 50 59,55 0S5k AT Bran b ails (05
O iy VARG Sl QSR 0 sliy 0 )S0lS Ve B pan ey sk G 0 5 THPY S0le b S 0
Cal Copdly ol Sb u)b-d 595 0, b o n Ol RIBL(F Joaz) ol elaisl g ) ails (g Gliee
SeilS5 slaogl 393l JsSge LSl )5 (3905 (Hani etal., 2008) s)ls (xS n 3 ;o (ootr G s &S
Sl ails (pefgn Gl L Gesiinse alaly 3950 Brae GRlBlalply o)ls 088 e Migen Il ok
Uil (o3 Slge g Ol Cis Sgups ol 0w drwgd o Dl oo (95 095 8,15 (Nouriyani, 2015)
o 5SS 59 b ol S (59 ke aSnl 4 az g b 0o S olS Sas 159 (aliEl Al o g pigis
Noori, ) s,s (Hani etal., 2006) Wb oo (iol38l oLS putigp Jlade ol ad a9 JS (59,005 lade ameis (o wyls e
Ol 1S 5 Gy g )00 ML ails g oliee » 6yl cime 3l (3955 39 0 45 55 5 )lF (2018

S Glasdlas jo al Lol 39508 B ras pas jland g LS )0 3550 0,5 8kS Ve Jlend 5ol ey alls (g



EL- Gizawy et ) ob ML wls 59 lime 10 295 BB iali8l cel jaud 055 LS 10 0,56l Ve 0,15 a5 0l

.al., 2009
38 il B Jguz) 092 ey p 0 Ses p aly g Hed (3955 Hld e U euimo i (i )lg 520
S b oeign 0 )8ee (liae (b ST d g 0 Shee Gl crge manlly 9 sed (039 slaogS
ab Jolo LS )3 S skS AVAIP g AVYTIY OTAVV 0:Ske b ool i memlly 9 54ed 1039555 gobaw 23

ails olows w@ls do 59 o9 yiden Jdoas Liolejl pes Jle j0 DBEL ails S Lac a5 ols s )asjf gehsl Jol> b
0,99 2lol sloole o ohrgas yiiw oo g S S, Jols slgp 5 o st ijf:\;,j Qe o ko Sy (B o
Sy Sl (295 B AgS e 095 Bpan Jles s Jlodne 5 p Gl W ALCLS 5 p Jol Sl 4 S
Slo plas ol 7EY el jlewd 4 Caend 995 B ranGlos o ails o ,Klee ( wluleply ol dslllas 8,90 Olas  soled
5 rd zohe Gl Grimen S ML (o ails ol sz AL el SRS cr e 39y ok R3S
gy o, Sles g dils o ,Slas « STelgn 338 Lac (ML & Slac dilgy ;o dild dlawd gy jo BMNE slaws ioli8l cel ol
Voo 928 AY e 4 CBF D pely g hed 859,05 oS shedlaiul soel Cowsds bl 4 4z g3 b ggazme ,0 0D
bl g5l yll gy pge oS HlpaedBL Col)) axwss 5 (550,40 il o Slas Sgupe gz LS 10 6, 5olS

References \

Abdolahpour, H-aTohidi Nejad, E., & Pasandi Pour, A. (2021). Effect of nitrogen, phosphorus and
potassium fertilizers on morpho-physiological characteristics and seed vyield of quinoa
(Chenopodium quinea Willd.). Journal of Crop Ecophysiology, 1(57), 57-72. (In Persian with
English Abstract).

Alipour, S., Moradi Telavat, M.R., Siyadat, S.A., Mosavi, S.H., & Karmala Chab, A. (2017). Effect of
planting date and phosphorus fertilizer surface on the morphological characteristics and yield of
faba bean (Vicia faba L.). lranian Journal Pulses Research, 7(2), 45-58. (In Persian with English
Abstract). http://doi.org/10.22067/ijpr.v7i2.43382

Aziz Ali-abadi, K., Zavareh, M., Shahdi Koumleh, A., & Rabiee, M. (2014). Effect of nitrogen and
phosphorus fertilizers on grain yield and yield components of faba bean (Vicia faba L.). 13 Iranian
Crop Sciences Congress and 3rd Iranian Seed Science and Technology Conference. Karaj, Iran. (In
Persian).

Babaei, H.R. (2019). Effect of different levels of simple super phosphate on growth and yield of faba
bean (Vicia faba L.) in Lasht-e Nesha. M.Sc. Thesis. Islamic Azad University Rasht Branch, Iran.
(In Persian).

Cucci, G., Lacolla, G., Summo, C., & Pasqualone, A. (2019). Effect of organic and mineral
fertilization on faba bean (Vicia faba L.). Scientia Horticulturae, 243, 338-343.
https://doi.org/10.1016/j.scienta.2018.08.051



Drulis, P., Kriauciuniené, Z., & Liakas, V. (2022). The influence of different nitrogen fertilizer rates,
urease inhibitors and biological preparations on maize grain yield and yield structure elements.
Agronomy, 12, 741. https://doi.org/10.3390/agronomy12030741

EL- Gizawy, N.Kh.B., & Mehasen, S.A.S. (2009). Response of faba bean to bio, mineral phosphorus
fertilizers and foliar application with zinc. World Applied Sciences Jornal, 6(10), 1359-1365.

Gan, Y., Malhi, S.S., Brandt, S., Katepa-Mupondwa, F., & Stevenson, C. (2008). Nitrogen use
efficiency and nitrogen uptake of Juncea canola under diverse environments. Agronomy Journal,
100(2), 285-295. https://doi.org/10.2134/agronj2007.0229

Gholami, A., & Koochaki, E. (2011). Mycorrhiza in Sustainable Agricluture. University of Shahrood
Publication, Iran. 212 p. (In Persian).

Golabi, M., & Lak, Sh. (2005). Effect of nitrogen and plant density on quantitative and qualitative
yield of bean in Ahwaz climatic conditions. The 1th National Pulse Crops Symposium. Mashhad,
Iran. (In Persian).

Goosheneshin, A. 2016. Effect of KCI and K2S04 fertilizers type and quantity on yield and yield
component of faba bean. M.Sc. Thesis. Islamic Azad University Rasht Branch,jiran. (In Persian).
Hamoudi, J., Shabani Qazvini, H., Alkaie Behjati, M.,"& Malie, M. (2012). Study of planting
arrangement and potassium fertilizer on agronomic traits of,faba bean. The 4th"lraniamPulse Crops

Symposium. Arak, Iran. (In Persian). \

Hani, A., Elteliba, M., Hamad, A., & Eltom, E.A. (2006). The effect/of nitrogefmand phosphorus
fertilization on growth, yield and quality of forage maize (Zeamays L.). Journal of Agronomy,
5(3), 515-518. https://doi.org/10.3923/ja.2006.515.518

Hosseinzade, H., Dastan, S., Hashemi Murabi, H., & Ghoraishi Khofasgani, R. (2012). Effect of
amount and application method of potassiumyon yield andyyield components of faba bean. The 4th
Iranian Pulse Crops Symposium. Arak “fran. (In\Persian).

Jin, J., Wang, G., Liu, X., Pan, X., & Herbert, S.J. (2005). Phospharusfapplication affects the soybean
root response to water deficit,at the initial flowering and full pod stages. Soil Science and Plant
Nutrition, 51(7), 953-960. https:/doi.org/10.1111/]:4747-0765.2005.tb00133.x

Karkanis, A., Ntatsi, G., Lepse, L., Fernandez, J.A., Vagen, I.M., Rewald, B., Alsina, I., Kronberga,
A., Balliu, A., Olle,'M., Bodner, G%, Dubova, L., Rosa, E., & Savvas, D. (2018). Faba bean
cultivation—revealing novel managing practices for more sustainable and competitive European
cropping systeéms. Frontiers in Plant Science, 9, 1115. https://doi.org/10.3389%2Ffpls.2018.01115

Khosravi, H., Mirzashahi, K., Ramezazﬁrpour, M., Kalhor, M., & Mir-Rasouli, E. (2015). Effectiveness
evaluation of some native,Rhizobia on Faba bean yield in Iran. Journal of Sol Biology, 3(1), 83-91.
(In Persian). http://doirerg/10:22092/sbj.2015.102228

Liu, L., Zhengy X., Wei, X., Kai, Z., & Xu, Y. (2021). Excessive application of chemical fertilizer and
organophospherus pesticides induced total phosphorus loss from planting causing surface water
eutrophication. Seientific Reports, 11, 23015. https://doi.org/10.1038/s41598-021-02521-7

McKenzie, R.HjyMiddleton, A.B., Seward, K.W., Gaudiel, R., Wildschut, C., & Bremer, E. (2001).
Fertilizer responses of dry bean in southern Alberta. Canadian Journal Plant Sciences, 81, 343-
350. https://doi.org/10.4141/P00-106

Meng, X., Chen, W.,\Wang, Y., Huang, Z., Ye, X., Chen, L., & Yang, L. (2021). Effects of
phosphorus deficiency on the absorption of mineral nutrients, photosynthetic system performance
and antioxidant =~ metabolism in  Citrus grandis. PL0oS One, 16(2), e0246944.
https://doi.org/10.1371/journal.pone.0246944

Noori, S. 2018. The effect of supplemental irrigation, nitrogen and topping on quantity, quality and
agronomic efficiency of applied nitrogen in faba bean. Gonbad Kavous University, Iran. (In
Persian).

Nouriyani, H. (2015). Effect of Different Nitrogen Levels on Yield, Yield Components and Some
Quality Characteristics of Two Cultivars of Rapeseed (Brassica napus L.). Journal of Crop
Production and Processing, 5(16), 233-241. (In Persian).
http://dx.doi.org/10.18869/acadpub.jcpp.5.16.233

Perveen, S., Ahmad, S., Skalicky, M., Hussain, I., Habibur-Rahman, M., Ghaffar, A., Shafgat Bashir,
M., Batool, M., Hassan, M.M., & Brestic, M. (2021). Assessing the potential of polymer coated
urea and sulphur fertilization on growth, physiology, yield, oil contents and nitrogen use efficiency



of sunflower crop under arid environment. Agronomy, 11, 269.
https://doi.org/10.3390/agronomy11020269

Peng, J., Feng, Y., Wang, X., Li, J., Xu, G., Phonenasay, S., Luo, Q., Han, Z., & Lu, W. (2021).
Effects of nitrogen application rate on the photosynthetic pigment, leaf fluorescence characteristics,
and yield of indica hybrid rice and their interrelations. scientific reports, 11, 7485.
https://doi.org/10.1038/s41598-021-86858-z

Rabiee, M., & Jilani, M. (2015). Determination of planting date, seed rate and row spacing on yied and
agronomical traits of faba bean (Vicia faba L.) in rasht area. Plant Production Technology, 7(2),
81-93. (In Persian with English Abstract).

Rabiee, M., & Modarresi, M. (2021). Rapeseed (Brassica napus L.) cultivation as second crop in
paddy field. Narvan Danesh, Iran. 124 p. (In Persian).

Rawat, J., Pandey, N., & Saxena, J. (2022). Role of potassium in plant photosynthesis, transport,
growth and yield. Role of Potassium in Abiotic Stress. In: N. Igbal and S. Umar (Eds.). Springer.,
Singapore, p. 1-14. http://dx.doi.org/10.1007/978-981-16-4461-0_1

Safikhani, S., Biabani, A., Faraji, A., Rahemi, A., & Gholizadeh, A. (2015)\Response of some
agronomic characteristic of canola (Brassica napus L)\ to nitrogen fertilizer and sowing date.
Journal of Crop Ecophysiology, 35(3), 429-446. (In PersiamWith English Abstract).

Salo-Vaananen, P.P., & Koivistoinen. P.E. (1996). Determination of proteift in foods*“ecomparison of
net protein and crude protein (N x 6.25) values. Food Chemistry, $1(1), 21-31

Sandrakirana, R., & Arifin, Z. (2021)\Effect of organic and chemical fertilizers“on the growth and
production of soybean (Glycine max),in dry land. Revista Facultad Nacional de Agronomia
Medellin, 74(3), 9643-9653. http://dx.doi:erg/10.15446/rfnam.v74n3:90967

Selim, M.M. (2021). Introduction to the integrated nutrient management strategies and their
contribution to yieldy and soil propertiesy, Journal ‘of Plant® Sciences, 9(4), 139-150.
http://dx.doi.org/10.11648}j.jps.20210904.13

Shahdi Kumleh, A., Sadegh, L3, Rabiee, M., & Feroughi, F. 2017. Residual effect of nitrogen and
phosphorus fertilizers in“faba Bean field on yield%in faba bean- rice cropping system in Guilan.
Journal of Crop Ecophysiology, 2(42), 383-398. (In Persian with English Abstract).

Shah Mohammadzadeh,, P. (2022)gEffeet of urea and some organic fertilizers on growth and field
performance of faba bean (Vicia faba L.)» M.Sc. Thesis. University of Tabriz, Iran. (In Persian).
Sharma, K., Dak, G., Agrawal, A.¢Bnatnagar, M., & Sharma., R. (2007). Effect of phosphate
solubilizing baeteria on the germirﬁion of Cicer Arietinum seeds and seedling growth. Journal of

Herbal Medicine and Toxicol@gy, 1(1), 61-63. https://doi.org/10.3923/ijar.2013.123.136

Souza, A.B:D., AndradeN\M.J.B.D., Vieira, N.M.B., & Albuquerque, A.D. (2008). Sowing densities
and NPK"and liming levels on common bean vyield, in conventional cropping system, in Ponta
Grossa, Parana, Statg, Brazil. Pesquisa Agropecuaria Tropical, 38(1), 39-43.

Turk, M.A., &lawaha, A.R.M. (2002). Impact of seeding rate, seeding date, rate and method of
phosphorus application in faba bean (Vicia faba L.) in the absence of moisture stress.
Biotechnologie, Agronomie, Societe et Environnement, 6(3), 171-178.

Wang, Y., Zhang, Z., Liang, Y., Han, Y., Han, Y., & Tan, J. (2020). High potassium application rate
increased grain yield of shading-stressed winter wheat by improving photosynthesis and
photosynthate translocation. Frontiers in Plant Science, 11, 134.
https://doi.org/10.3389%2Ffpls.2020.00134

Wang, Z., Zhang, Z., Beebout, S.S., Zhang, H., Liu, L., Yang, J., & Zhang, J. (2016). Grain yield,
water and nitrogen use efficiencies of rice as influenced by irrigation regimes and their interaction
with nitrogen rates. Field Crops Research, 193, 54-69. https://doi.org/10.1016/j.fcr.2016.03.006

Weldua, Y., Hailheb, M., & Habtegebrielb. K. (2012). Effect of zinc and phosphorus fertilizers
application on yield and yield components of faba bean (Vicia faba L.) grown in calcaric cambisol
of semi-arid northern Ethiopia. Journal of Soil Science and Environmental Management, 3(12),
320-326. https://doi.org/10.5897/JSSEM12.062

Wu, Y.W,, Li, Q., Jin, R., Chen, W., Liu, X.L., Kong, F.L., Ke, Y.P., Shi, H.C., & Yuan, J.C. (2019).
Effect of low-nitrogen stress on photosynthesis and chlorophyll fluorescence characteristics of
maize cultivars with different low-nitrogen tolerances. Journal of Integrative Agriculture, 6, 1246-
1256. https://doi.org/10.1016/S2095-3119(18)62030-1



Yasari, E. (2013). Evaluation of the effects of phosphate solubilizing bacteria as biofertilizers and the
mineral phosphorous on growth and yield of the Tellar cultivar of soybean (Glycine max Merrill) in
the north of Iran. Applied Research of Plant Ecophysiology, 1(1), 1-18. (In Persian).




