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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 provinces of Iran, unfortunately, most of these paddy fields are planted only once a year
and farmers suffer from seasonal unemployment after rice harvesting until the next year. Second crop 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 where the 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 is considered an important food legume crop in Iran, especially in
the northern provinces. Cultivation of faba bean as a second crop in paddy fields can help sustainable production. Efficient
access to the optimum level of nutrient elements in the soil is very important for plant growth and development. The
application of nitrogen, phosphorus and potassium fertilizers is one of the most appropriate methods to increase crop
production. Determining the optimum levels 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 morphological 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 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
independentcomparison. 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 by least significant difference (LSD)
test at the 5% probability level.

Results and Discussion

The orthogonal analysis results revealed that the fertilizer treatment had 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 phosphorus fertilizer significantly affected branch number, pods per plant,
seeds per plant, protein content, pod yield, biological yield, grain yield and protein yield. Among nitrogen levels, the
highest plant height, branch number, pods per plant, seeds per plant, 100-seed weight, pod yield, biological yield, grain
yield and protein yield were obtained by applying 92 kg.ha. The yield and yield components of faba bean were improved
with increasing rate of phosphorus fertilizer, and the highest pods per plant (18.8), seeds per pod (4.6), seeds per plant
(46.5), grain yield (3996.9 kg.ha'), pod yield (13385 kg.ha''), biological yield (34442 kg.ha'), and protein yield (1233.2
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kg.ha') were obtained due to addition of 96 kg.ha*. The pods per plant, seeds per pod,lpod 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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otassium
s N “’Fj”* 2 5.81" 0.31% 1.39™ 0.04™ 12.38™ 130.9™
el X (559 70
N 4 26.09™ 0.03" 0.76™ 0.16™ 11.88™ 89.71
ol X ya0d .
o 2 29.2m 0.58™ 0.72" 0.12" 34.33" 276.7
Lo X ad X i
‘“‘“ N’? Pt 4 14.86" 0.05™ 0.88™ 0.01™ 20.9™ 18.31"
“”:” NJ 2 29.93™ 0.59™ 3.42" 0.10™ 159.8™ 105.0™
aud x e
’“: PJ 1 80.95™ 0.001 161" 0.32 4.3 59.41"
Lo x Jle
‘WY" KJ 2 54.18™ 0.08™ 0.61" 0.006™ 2.97% 14.32
bd X 459y X Jlw
- YU)’ilﬁ o J 2 19.84" 0.04™ 5.42% 0.08™ 138.36" 270.2"
X X
Ly x o355 % Jbo
. ¢ ”@”T‘( J 4 10,94 0.14™ 0.37™ 0.13™ 5.60™ 126.8™
X X
Ly x ,eed x| Jle
MY ;M . J 2 3.01" 0.29" 1,510 0.18" 56.15" 23.74"
X X
Lo X joud X 59 o X Jlw
e Y’“; ;’”f J 4 23.59" 0.04" 1,150 0.20" 18.42% 14,47
X X X
Uas
c 64 32.42 0.19™ 1.22 0.15 30.40 61.77
rror
(“’”Cf/"(’;’; e ; 7.47 10.34 11.24 8.52 12.45 6.62
(1)

Qo0 S 9wy ity Jleiml e )0 Jls giee ol g s g g lo Jxe juE NS
ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively
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Table 4- Mean comparison of plant traits of faba bean in nitrogen, phosphorus and potassium treatments

Wg el asliholawy e olowy  aildolawy ailoolaws  aild Ver (439
S (o Hlw) e ag o SUE o ag 0 ()
Treatments Plant height Branch Pods per  Seedsper Seedsper  100-seed
(cm) number plant pod plant Weight (9)
JLw
Year
| Jls
‘_'b J 125.2¢" 4.62 16.32 4.0 41.1b 104.1°
First year
ps> Jbo 122.3b 3.8° 15.1° 5.12 47.42 133.52
Second year
o leio
Orthogonal
2 o9 110,60 3.4 11.10 3.8 27.5 99.40
Non fertilizer
e 127.3 4.22 17.82 4.5 44,32 118.72
Fertilizer application
(LS 53 0,5 9ls) (359 5
Nitrogen (kg.ha?)
46 122.2¢ 3.92¢ 15.2p 4.42 40.4b 115.2°
69 126.3° 4.18° 18.92 4.62 45.32 118.6°
92 133.72 4.66% 19.42 4.62 47.28 122.42
(LS 50 p 5 slS) Hiund
Phosphorus (kg.ha?)
48 119.82 4,22 15.50 4.5° 42.1° 118.02
96 122.32 4.32 18.82 4.62 46.5% 119.52
(LS )5 0,5 9ls) iy
Potassium (kg.ha™)
50 120.3° 4,22 14.3¢ 452 41.4° 116.72
75 121.7%® 4.42 16.4° 4.62 44.1° 120.62
100 123.12 4.22 17.92 4.62 47.42 118.92

35,105 (6 lo e igles o yd iy Jleil s ;0 LSD (yge3T (wlool s i S pin gy slls a5 oo Kileo g o 00
* Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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.(Hamoudi et al., 2012) c.al,

e NS B Sloc

g sWdgS 3l s ()b gtna yobds o BME 3 Slae
L5 ool (ko duslio (0 J513) 8,5 )15 el 5 i
Dtal3Bl GME 5 Slas ol (elodsS ol ialial L a8 sl
QY 3,18 b M 5,Slas pmo oyt e polssl ol 2 cdly
Ve g LS 3 b pSelS A8 (LS 3 gy p)S ok
i 5 ey (5 Jp2) 2 s @ S 3 sl p 5518
ol b G s o 5 4 0l 53 (g3 Jasl 50
2503, wals  olie plw Cls il 1y die; puaic
Babaei, ) oLl 2 il sa5 e 5, Sloe yiul38l el coes
AU 5 ,Slos y yaud 358 Calisee palie 14 58" 5155 (2019
Oil38l BMe 5 ) Slas @55 LB pan il 38l b g Doy lo cixe MBL 50w
4 S 53 jhd p S5l Ae Byao b o ke i 9 8L
05155 (McKenzie et al., 2001) ), San 5 (6 35S ol Cawd
Sl g s B 3 Slae (555 255 2lS L o 425
alls oy 9 Adgr 5D ML s da |y Lol Bl oyl s ool el
W31D o i
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Cadn cpl e o i oS (g pebods il gy > iy dlaw )58l
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(Sharma et al., 2007)

&I Ver 039
ga—w ) 0jer 355 9 Sl Sl bl o0 gl (bl
i s > oty g s S s 515 o3 o i
dlie gl (Y Jou2) 392 Jlacgine &3 Ver gy dioyd iy
039 O 45 3 G maaliy g hnd S S (5:50Le
Ver Lol 3 ji b p)SolS A7 ()las coS i jladb N -
3 il pgs Jlo () JS5) del cawd &,y iy p,59kS
O3y O 9251395 1 Jgl Jlo 4 a6 plidin W3 V-
P oS AV Jlosd 43 by 55 ()39 5 gob—w (w2 4D
355 Gymn {5 Jgiz) 392 WYIF (5:Sie Ly JSa 5 s
Suid o3le Myi 9 S aw plgd G135 )b Sl Wl e 0950
el g0, Jaio il a1y (653 iy (65wt dlgo ¢y
09155 —iwlojl ,> (Drulis et al., 2022) 5 s 59 Lol
aibd Vor i 50 (60 re inlidl caclyoygl 3557 2y )l8 A8 0
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a8 ads Voo gy GRaldl sl ]y ade) dzets 53 9 48 e
9 29— s (b 035 (I8l s Wl yind 13BN
Abdolahpour etal., ) wil awsly )4 559 5 25181 )0 oge i
Giliseo y3lis 1 aS 5,5 3,15 (Babaei, 2019) UL (2021

K (75 Kg/ha) ®m K (100 Kg/ha)

be

48

96

Phosphorus levels
SBL ails Vee (339 2 iy 9 pud GliSd p 1) JSo
Fig. 1- Interaction effect of phosphorus and potassium on 100-seed weight of faba bean
il oo LSD (yge3T bl auo 0 iy Jloiio ] el ) lo sime NS 00ty Lis ¢ygim 50 50 dlien ué g >
Different alphabet in each column indicates significant difference at p<0.05 based on LSD Test
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Table 5- Variance analysis of the effects of nitrogen, phosphorus and potassium fertilizers on faba bean measured traits

o 4z oS S Slos ' Ol S ySlos
et b S s G Spilgn WMy, g
S0V S g  logi Grain yield : -
e df Pod yield Blol_oglcal Protein Prpteln
yield content yield
Solee ox o o . o
1 700689 99906392 13258979 51 2358998
Orthogonal
Ju 1 3089626 282951 1020639" 3.96" 134775
Year (Y)
S5 x Lo
VxR 2 14033890 1631301 878070 20.5 26648
. Od9r 2 55949187 117698675™ 7655862 144.8™ 1722988™
Nitrogen (N)
e 1 18866096 16103922" 3232678 32.9" 614902
Phosphorus (P)
WLU 2 25114090 24078144 2852612 17.6™ 492682
Potassium (K)
MN usﬁﬁ 2 596233" 1070854" 64648" 0.55M™ 17083
ol X (539755
N x K 4 954662" 2368863 167292" 5.67™ 36061"™
ol Xy
P K 2 4325222™ 1708085" 637845" 0.71m 83131™
B X yiad x ()59 i
= Nﬂ: Kwﬁﬁ 4 2128908" 3132254" 114921" 2.80m™ 6103
059 % Jles .
YN 2 57952598 230141 670422" 2.44m 56513
bnd x Lo
]M: I;J 1 15249739" 50095M™ 5970" 0.28™ 780"
ol x Jlos
VK 2 4350471 104542" 59259 1.84m 13483 "™
bnd X g s Xl
A x Dot x 2 3088778 76479 25514 2.20M™ 9138
Y xNxP
Lo x5 oo x . L
ey X ol 4 3105670™ 101580™ 83814 1,53 5122m
Y xNxK
Lo x a8 x Lo
et A 2 275235" 82190m™ 4218™ 0.85™ 590"
Y xPxK
Lo x pad X\ %g poo X L
iy X A Clpsx 4 1016175 148529 187609 175" 16923
Y X N X P X K
Uas
64 3654912 2558786 331770.7 2.34 40294.2
Error
(23) Syt e 2 - 14.74 13.73 15.06 5.08 17.34
CV %)

Qo0 S g doyo ity Jleisl e )0 Jls giee ol ey s g g lo Jxe uE NS
ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively
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Table 6- Mean comparison of plant traits of faba bean in nitrogen, phosphorus and potassium treatments
e B o Sles Sjglem o Slas ails 8 Slos Cn ol oeign oS des
oo OS2 )0 p5els)  (USB jo 0, 5sls)  (HUS )0 0,5 5lS) (2,9) (LS yo 0,5 ols)
Treatments Pod yield Biological yield Grain yield Protein Protein yield
(kg.hah) (kg.hah) (kg.hah content (%) (kg.ha'h)
JL
Year
‘_'bl Ju 127982 354562 3726.72 29.882 1122.42
First year
P> Ju 131362 351462 3921.18 30.272 1193.02
Second year
Jwolzo
Orthogonal
25 o9 9433 23595 2293.0° 27.09° 625.9°
Non fertilizer
555 o5
Fertilizer 12966° 35300° 3823.9% 30.07 1157.78
application
(LS )5 0,5 9ls) (359 50
Nitrogen (kg.ha?)
46 11828° 32087° 3391.7¢ 28.08° 952.2¢
69 127730 34320° 3770.5° 30.04° 1133.3°
92 14299° 414952 4309.42 32.102 1387.78
(LS 50 p 5 slS) Hiuwd
Phosphorus (kg.ha?)
48 125490 31130° 3650.9° 29.52b 1082.3°
96 13385? 344422 3996.92 30.632 1233.28
(LS )5 0,5 9l) iy
Potassium (kg.ha™)
50 12284b 32570P 3612.6° 29.51b 1070.1°
75 12718° 353502 3715.6° 29.85° 1112.5°
100 13898? 363442 4143.42 30.862 1290.6°

35,105 (6 lo e igles o yd iy Jleil o ;0 LSD (yge3T (wlool s i S piiin gy slls a5 oo Kileo g o 0
* Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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