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Introduction

Legumes are the second most important source of human food after cereals and are considered the primary source of plant
protein due to their high protein content. In addition to providing food for humans and livestock, legumes enhance the
fertility of agricultural soils when grown in rotation with other crops, owing to their symbiosis with nitrogen-fixing
bacteria. Common bean (Phaseolus vulgaris L.) is the most important legume used for direct human consumption.
Achieving high seed yield is one of the main goals of cultivating this plant, and appropriate agronomic management
practices-such as determining the sowing date, row spacing, plant spacing, and providing essential nutrients-result in high
biological and economic performance. Therefore, in this experiment, to find solutions to increase the yield of local beans
in Guilan province, the appropriate sowing date, sowing pattern, and the effect of boron foliar application on bean growth
and yield were investigated.

Materials and Methods

This research was conducted as a factorial experiment in the form of a randomized complete block design (RCBD) with
four replications during the spring and summer of 2023 in the Rudbaneh section of Lahijan, Iran. The factors examined
in this experiment included sowing patterns at three levels: rectangle pattern (20%31 c¢cm), rhombus pattern (23%27 cm),
and square pattern (25%25 cm), with a constant density of approximately 16 plants per square meter. Additionally, foliar
application of boron at a concentration of 0.1% was compared to no boron application. These factors were evaluated in
two experiments conducted on April 25" (spring) and August 29" (summer).

Results and Discussion

The results of the combined variance analysis showed that the effect of the sowing date was significant on all tested traits
except for seed protein content. These traits included plant height, number of secondary branches, number of pods per
plant, percentage of fertile pods, 100-seed weight, biological yield, seed yield, seed formation rate, seed filling rate, yield
formation rate, and vegetative growth rate. In contrast, sowing pattern treatments significantly affected only plant height,
the number of secondary branches, and 100-seed weight, with no significant impact on the other measured traits. In
comparison, boron foliar application had a significant effect on a wide range of traits, including plant height, number of
pods per plant, percentage of fertile pods, 100-seed weight, biological yield, seed yield, seed formation rate, seed filling
rate, yield formation rate, vegetative growth rate, and seed protein content. The results showed that seed yield at the spring
sowing date averaged 348.3 g.m%, which was significantly higher than the summer sowing date average of 204.0 g.m? (a
41% increase). Boron foliar application also significantly increased seed yield, with an average of 307.9 g.m compared
to 244.5 g.m without boron (a 20% increase). However, sowing patterns had no significant effect on seed yield. The
components of seed yield, including the number of pods per plant and 100-seed weight, were higher at the spring sowing
date, with averages of 15.6 pods and 42.8 g, respectively. These values represented increases of 37% and 6%, respectively,
compared to the summer sowing date. Boron foliar application also resulted in a 16% increase in the number of pods per
plant and a 5% increase in 100-seed weight, with averages of 13.8 pods and 42.6 g, respectively, compared to no boron
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application. Additionally, the square sowing pattern achieved a higher 100-seed weight, averaging 41.8 g, compared to
the rhombus and rectangle sowing patterns.

Conclusions

Based on the results of this experiment, sowing local beans of Guilan in the spring season, using the square sowing pattern,
and applying boron foliar application were superior in terms of seed yield and growth indices compared to the summer
sowing date, rectangle, and rhombus planting patterns, and no boron application.
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Table 3- Phenological traits of beans at sowing dates (season) of spring and summer
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Table 4- Combined analysis of variance of local bean (Pach-Baghela) plant traits in sowing date, sowing pattern and boron
application treatments

Olas o uibo
4 Mean of squares
Ol st e ‘5‘;.‘ EW,l  —adlislas  GYE S gyabaeyd Voo gj  3,Sdes
S.0.vV d.; &g PCTEITAEY Ly 40 e als ey
Plant  No. branches No. pods Pods 100-seed  Biological
height per plant per plant fertility (%)  weight yield
S (Juad) loj
. (o) ol 1 129.36%* 105.0208**  406.58**  84.270**  80.083** 851201.33**
Sowing date (season)
155 ] uat
3] b 6 0.2220 0.3476 0.3154 4.618 0.256 127.555
Season/repeat
sl il
o 2 21.631%%  6.1702:= 0.050"s 1.633" 1.827* 344.331s
Sowing pattern
sl
* L’“”'J?J’“, 1 21333*%%  04033™  62.335%*%  442.86*%*  67.687** 125665.33%*
Boron application
sl gl 5
“"‘“.X ot 2 24414 0.435208 0.060" 17.619%* 0.221ms 250.3318
Season x sowing pattern
50 X R
o Bledsle X e 105208  0.0675™ 0.016" 1.920m 3.740%  300.00™
Season X boron application
s, X cusls Gl
e J’l’“’ oD 2 19752  0.0077™ 0.530™ 11.851* 0.450™ 59633
Boron application x sowing pattern
Wih X cuilS iyl X b
7 J*’“’ oA et - 2 01477 0.5418™ 0.967* 2.780" 0.007" 481.00"
Season X sowing pattern X boron application
lojl (las
i 30 0.8252 0.2126 0.2269 2.899 0.553 289.155
Error
(02) Sl e 2 1.62 472 3.73 2.06 1.79 3.56
C.V (%)

20> So g gy Jloinl gk )3 I gine i FH 9 g I eyt
"S: is not significant and * and **: are significant at the five and one percent levels of probability, respectively
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Table 4- Combined analysis of variance of local bean (Pach-Baghela) plant traits in sowing date, sowing pattern and boron
application treatments, continued

©layo aS0le
Mean of squares

a4 s e A
ol a5 golio ;| ety JSS G gy G g Sl
N . . o - :
S.0.V "fi f’ aly 3 Slos AP ISE Wi °).S""°" 29) &l o g
' Seed yield . Seed filling Ylel(! Vegetative Seed protein
formation formation growth
rate content
rate rate
culS (Juad) oo
. (Jhad) cles 1 249841.02**  811.19** 156.60** 66.74** 220.48** 0.17508"
Sowing date (season)
1S5/ Juad
A Jet 6 889.243 0.0427 0.2536 0.0715 0.1234
Season/repeat
culs il
i 2 51.141m 0.0209" 0.0158n 0.090m 0.1791" 0.1188"
Sowing pattern
s,
o "’w“blm 1 48228.38** 108.22%* 7.921** 9.6302%** 17.01** 3.6140%*
Boron application
cuilS iyl X ab
o= ot 2 351.251m 0.3095" 0.1675™ 0.0453ms 0.0027"s 0.0383ms
Season x sowing pattern
50 .
9 Pl gone X Jw . 1 1446.505* 3.7548" 0.676** 0.3942* 0.0022"s 0.0215m
Season x boron application
29t lglre X a2l )l
Boron application x sowing 2 109.274ns 0.6681™ 0.00" 0.0197" 0.2511™ 0.0180"
pattern
29t il lore X 2l )l X Jab
Season x sowing pattern x boron 2 14.634m 0.2439"s 0.0325m 0.0042ms 0.02743"s 0.0701ms
application
lojl clas
o 30 297.879 0.0607 0.0736 0.0920 0.1022
Error
Oy o
(129) s a2 6.24 2.10 7.34 472 129
C.V (%)

Loyd S g gy Jloin] zalaw 3 il gy Hd xe FHE g F gy ixeps
"s: is not significant and * and **: are significant at the five and one percent probability levels, respectively
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(Seeda et al., 2021
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Table 5- Mean comparison of local bean (Pach-Baghela) plant traits in sowing date, sowing pattern and boron application

treatments
. g L. Sw eyl gladleola g ol Al e iy ey 3 ,Shes
oS (Jald) (b o . J . _ . _
Sowing date (e Hlw) L Sy INENH (5)  (@wrie o)
(season) Plant height  No. secondary No. pod.plant™! Pods fertlllty 10.0—seed Blologlca_l2 yield
(cm) branches (%) weight (g) (g.m™)
)Le_d 57.6%" 11.22 15.6% 83.92 42.82 610.32
Spring
ey
o 54.3b 8.2b 9.8b 81.3b 40.2° 344.0°
Summer
culs Ll
Sowing pattern
s 55.1° 9.2b 12.62 8232 41.2b 472.7°
Rectangle (20 x 31)
59 55.6° 9.5 12.7° 82.9° 41.3% 476.7°
Rhombus (23 x 27)
&r 57.32 10.42 12.82 82.6* 41.82 482.0°
Square (25 x 25)
292 Dl gl
Boron application
s,
2 ildge 56.6° 9.6° 13.8° 85.6° 42.6* 528.3
Boron application
99 Dyan pis 55.30 9.82 11.6° 79.6b 40.3° 426.0°

No boron application
A (S ygeil olioly) o yd gy Jlesn] paws 43 o gize oglds 1815 (S e By K S8l (s (olo puSilio g by
* In each column, the means with at least one common letter do not have a significant difference at the five percent probability level,
based on Tukey's test.

39 gl g Culls uﬁg“)i CudlS yloj s ylowd (S pd 41 4D Aig 13 BIE Bl (1Sl dny o -1 Jou
Table 6- Mean comparison of the number of pod.plant! in the interaction of sowing date, sowing pattern and boron
application treatments

e R
Spring Summer
19 o bdglome 292 Span pas 292 gl 92 B pan pas
AW Cliw Boron application No boron application Boron application No boron application
Plant traits ) ) ) @ ) @ P @
EIR R I SO B - B N -
3 g = 3 5§ ° s 3 5§ 7 = 3 5 ° 3 =
£ 9 b%j{% 5 5 b%ig 5 5 b%ig wE 3%
& & &~ &~ &~ &~ &~ &

. S5 Sl
CHPDTEI 160 1640 17.0° 1425 150° 143° ILI° 11.0° 108 850 850 90
No. pod.plant™!
b o (S5 9ol wllp) dops gy Jloin] e 53 I gixe gl S8 oS yitio By G Jolis sl (clanSSle
* The means with at least one common letter do not have a significant difference at the five percent probability level, based on
Tukey's test.
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Table 7- Mean comparison of pods fertility percent in the interaction of sowing pattern and boron application treatments

29 sliJgloe

Boron application

AL Slio

191 S pao pas
No boron application

Plant traits Judziinno &9
Rectangle Rhombus

&y Jebino 37 &
Square Rectangle Rhombus

Square

LBME g9,k a0y
Pods fertility (%)

85.5% 85.0*

86.4* 79.1° 80.8° 78.7°

it (S5 g0l wllp) duoyd g Jloin] o 53 Iy dxe gl S8 oS yitio By SO Jolas gl (la pSSlie
* The means with at least one common letter do not have a significant difference at the five percent probability level, based on
Tukey's test

25 Byaae Sl wyp o (Robinson & Wilcox, 1998) 5l
2 loisine st s5t Byan o8 1 IS g 5,Shee 5 14,
(s 2 Sdas ylado cp b g 092 he il g () 3)Sles
A )l )0 59y 2,5 0lS VA By me L )l jo o F/OQ jladedy

(Uddin et al., 2020) sl cowd

als o ySloe

2 S TINY (:Slo U jlog b 3 cdlS ploj gl (bl
V¥l 5le b il Juad & Cond (53 dxe 550 e i
VoV Sbe b ygr (b Sl Cglis g cily @upopio 2 p)S
5 0am LS 5y Byae ple & Cus @poyie 2 p)S
o e S a5 3y g s 3,k 1 e ) o
2 bl der 5 c bl g pxe Sl a5 Sloe e i)
5 Slat Siin o (A Jyia) 4555 )3 colel 3,5 S
Jle 9 (Bl Jsloxe 9 )loe J—ad sby)los S oa 5> &l
ey ialesl )3 (A Jgaz) A Juols qayeyio 1 )5 TYADID
—dslone S )3 LS )5 (5 YIFV jladeds Log) adls 5)Sles
93 g olo <SG oy 93 ;0 Sypduwl duo sy /) clale Lo )lusls
Sl byl 5o (Hosseini, 2016) sol cwd 45 2yaid juaw 1w olo
38des 2 (Ulexite) conslss 5 Syl gite 93 5l y92 Byuae
ORIl el jg 98 93 p Bpan &5 4D (B)1S Lgw )b CudS
P Sk P CGpno b3, Slos Sl 5 ud &by 5,Slos o e
oislejl &Gy (Dameto et al., 2023) sol cwd 4 90 p,59kS
(Phaseolus lunatus o sl 5,Sles 1 cuslS oyloj 51 o)Ly
CiS )0 e dnly p0 dib 5 Slas 4 Sbo (S biwl o L)
polae cdls gyl 509 yiin Al wwnll S 4 G o)l
CdlS )b )3 3 Slas (5 el |y 3 )Slas oyt Clignd)
WStd odle ge35 53 @y | (8L Sl oo byl g (3237958
29 Sixe Aoy polie Ll olS > e o sl Sy
.(Ghanbari et al., 2021) wib by 5,Slos gm0 dons

a5 Ver 539
)5 VA :80le b Jlo cdlS (Juad) ol ST 482 oL s
9 Sl p )5 ¥ /Y 5:Slo b Gl 4 Coid ()3 20 55
il il jlew S5 pola s 4 Cais @pe cilS Lol )]
34 092 b glone D90 Juols |y gyl > Vee (59 00Nk
phe da Ca i 2,8 V5 Sl Luadly Voo 50 )58l cels
bojlos Cilises Zglass (AiS o (cuyp (B Jgio) dd )9 Byuae
5 oleg J—ad > ddld Voo fy5g b cpyi e a8 ob LS
o (A Jgi) dol s 4 2 S FYIV Joleo 5 (il Jglome

GBS dilaio (5 Loy bl cis” > csls )l 5 oloj
2B Gl g ol 51 QS pmy 45 4S (315 (MS il
(3150 YA) cwgST Vo bl 5ol )3 9 391 45 dme dils Voo 550
dol sy oy adls Ve 059 ey ils J*‘..I)T 9
93,5 —iulojl ,> (Esmaeilzadeh & Aminpanah, 2015)
Bev g 5 2 oS e VB Bl L sy (il Jloce el o
Hamouda ) cusls |y &ils Voo 59 oo oy i <y )0 p)5 Jeo
cilise (ol g bacyloj )3 a8 ) o ka5 4 (et al., 2018
il Jelate ol 3l olS gad g Ay 58 (Jaore Jelos sl
SIS 55 s (ol e comlio B ] oo 5 5 2531
9 Jiwgid Gl el aBlg oo ggerme ) 0lS p (Sjglg
g ol Al Voo i Lulil ass )3 g Loy yd Kiid oole Ay

ot j S o
Sbe oy CblS (o) (lej )3 doSils dunglic gl 3
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29 Shdobre Sl g del Cnd 4 @pesio  p)S YFF/+ 1 Sike
Sl sine M (@ryposio p p,8 OYANY 5Silio b gt ,Skas
Joia) ey myoyio p p,S Y8+ 1 Sko b yoy By mo pas b
b canlio cuslS floj Clbas! &8 canl oaly lis clduiss gl (0
6ol i ccagh, 5 Lo o pili a5l Jawme Jalge Hlade sl
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Table 8- Mean comparison of local bean (Pach-Baghela) plant traits in sowing date, sowing pattern and boron application

treatments
ab o Sles &l JSUiS G g u.\m)au.c,w Sl s gt gy by 8 Slgixe
2 0s5) D papesie g dild) &y 5 Slas (Gos 93 055) &>y p
(&0 550 (59 Gay »eStw) (5952 055) Vegetative (e,3)
Seed yield Seed formation rate Seed filling rate Yield formation =~ growth rlate Seed protein
(g.m?) (Seed.day'.m?) (mg.day™!) rate (g.day™) (g-day™) content (%)
Bl (Jad) e
Sowing date (season)
)Le,ﬁ 348.3%" 20.52 13.5° 4.8% 8.5° 24.7%
Spring
leasls
o 204.0° 12.3° 9.8" 2.5% 4.2b 24.6*
Summer
csls il
Sowing pattern
e 278.2¢ 16.4° 11.7° 3.70 6.5° 24 5¢
Rectangle (20 x 31)
«id 274.7% 16.5° 11.6° 3.6° 6.4° 24.7%
Rhombus (23 x 27)
&r 275.7% 16.4° 11.6° 3.6° 6.3° 24.6*
Square (25 x 25)
250 gl
Boron application
sl
7 ildslee 307.9° 17.9° 12.1° 410 7.0° 24.9°
Boron application
Sy e 244.5b 14.9° 11.20 3.20 5.8 243

No boron application
A (S5 905 ool ) Joyd i Jlein] dans 53 I3 xe @oglis 43l oS e By G JBlis gyl (gla ko ey 4
* In each column, the means with at least one common letter do not have a significant difference at the five percent probability level,
based on Tukey's test.
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292 (oolglome

Table 9- Mean comparison of the 100 seed weight, seed yield, seed filling rate and yield formation rate in interaction of
sowing date and boron application treatments

LY Ol
S ol Spring Summer
Plant traits 29 oldglome 192 Spas pas 29 oldglome 292 Spae pas
Boron application  No boron application  Boron application  No boron application

(p5) &)+ gy

. 43.7% 41.8° 41.6° 38.7¢
100-Seed weight (g)
. e ¢l
(e 2 5) il 3)Sos 385.5 311.1° 230.2¢ 177.8¢
Seed yield (g.m?)

Uy 2 5 o) b 43 5 1370 1320 10.4¢ 93¢

Seed filling rate (mg.day!)

(395 2 £5) 2 )8des JSi5 oy 548 4.3b 2.8¢ 2.1d

Yield formation rate (g.day™!)

s (S5 905l wlly) oy gy Jlon] s 53 I gixe gl 33 oS yito By S JBlis (el (clanSile
* The means with at least one common letter do not have a significant difference at the five percent probability level, based on
Tukey's test.
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