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Introduction

Global agriculture confronts critical challenges driven by populatlon growtheand ity of vital resources,
particularly water and soil. In Iran, these prgssures are exacerbated by climatic vglati ance ofjiinported protein
inputs, rendering the adoption of resilient is a promising
candidate owing to its genetic diversity, hi ies ia Nittagen fixation.
Nevertheless, the scarcity of improved varietie insi ation Successful
production depends on selecting cultivars with rob i hysiological maturity to maximize

dry matter accumulation.
environmental variables, su
maturity due to lignification.
cultivars that achieve an optimal b
address existing knowledge ga
stability, and forage quality of

ons between genetic factors and
uality typically declines with
uation is essential to identify
e objective of this study is to
ses agronomic performance,
es of Iran.

Materials and Metho ‘
A field experiment cond d across

Kermagshah (cold semi-

: Karaj (cold semi-arid), Gorgan (humid Caspian),
i-arid temperate) during the 2023-2024 and 2024-
design with four replications to evaluate two
esi, alongside registered cultivars (Arda, Beren

C 3 dations. Evaluated traits included fresh and dry forage yield, plant height,
establishment perce 3 Ogi€al characteristics. To assess nutritional quality, random samples of
approximately 500 gra |: from the first harvest. Following drying and milling, qualitative parameters,
including crude protein (€ uble carbohydrates (WSC), crude fiber (CF), acid detergent fiber (ADF), and total
ash content, were : i i isti i
involved a combined griance (ANOVA) across years and locations using SAS software (version 9.4). Mean
comparisons were perfor using the Least Significant Difference (LSD) test at the 5% probability level. Additionally,
GGE-biplot analysis was employed to assess cultivar stability and cultivar-by-environment interaction.

Results and Discussion
Analysis of variance revealed ificant effects for location, year, cultivar, and their interactions on most traits,
highlighting the substantial impa€tiof environmental heterogeneity on forage pea performance. Descriptive statistics
showed high variability in yieldtraits, reflecting considerable genetic diversity and environmental sensitivity. The
location effect was particularly pronounced for yield; Gorgan exhibited the highest fresh and dry forage yields due to its
favorable humid climate and fertile soil, while Karaj showed the lowest yields, likely due to moisture limitations and heat
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stress. Kermanshah and Parsabad demonstrated intermediate performance with acceptable stability. Among the cultivars,
Gap pembesi distinguished itself with the highest fresh and dry yields, superior plant height, and establishment percentage.
Its late-maturing phenotype extended the vegetative period, facilitating greater photosynthetic accumulation. GGE-biplot
analysis confirmed its broad adaptability and general superiority. Beren ranked second, driven by vigorous vegetative
growth and strong regrowth ability. Conversely, early-maturing cultivars, Tashkent and Arda, produced lower biomass.
While their shorter cycle suits regions with constrained growing seasons, their yield potential was lower in this study.

Zerre demonstrated a superior nutritional profile, with high CP, optimal WSC, and moderate ADF, resulting in high
digestibility. In contrast, Gap pembesi exhibited higher fiber fractions, resulting in lower digestibility compared to Zerre.
Tashkent exhibited the lowest nutritional quality. These findings suggest that while late-maturing cultivars like Gap
pembesi are ideal for maximizing biomass, cultivars like Zerre offer superior forage quality essential for animal nutrition.

Conclusions
This comprehensive multi-environment study provides key insights into the agronomic and qualitative performance of
forage pea cultivars in Iran. The observed substantial cultivar-by-environment interaction dictates the need for region-
specific cultivar recommendations. Based on the integration of wield data, stability amalysis, and nutritional quality
assessments, Gap pembesi is identified as the superior cultivar for g ?iultlvatlon. Itso ing bi i

height, establishment rate, and wide adaptability across different s position it as aftop choice for enhancing
domestic forage output. Beren is also recommended as a complementamacultivar, part temperate regions, due
to its vigorous vegetative growth and regrowth capacity. However, for farming system ing forage quality over

sheer biomass quantity, Zerre offers a distinct advantage with its high protei ior digestibility.
tion must be based on productiofytar , and growing

Ultimately, decisions regarding cultivar s

season duration. This study establishes a foundation for future b serwces by
promoting the adoption of high-yielding, stable, qualitatively superior for m th stainability
of Iran's livestock sector. This study lays a solidyfoundation for future bree programs and* extension services,

promoting the adoption of hi

Itivars to ensure the sustainability
of Iran's livestock sector.

-yielding, stabl«‘d itatively superior forage pe
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cultivars

bl calisee gblie a8 sl lis b S 1 Sko dulio

gl 3 Slas oy (B Joio) w3y )3 sine glis A5 g 0
OBS 0 5 adele 5,Sloe b el 5,5 dibate » Sis
oliile,S 5l iy 1o )0 FY ()lie 1 iy dusjd FA 290> o ey
2 S—id adgle 3 Slas oizman Do 2,5l by 0 OY 4
5t o 0 YA ¢l 31 it 1o )0 YA 2gds iy 45,8
Alyie )2 Sbes s ool w92 )5 5l st 303 YV g oliile S
dalaie 3 Ay deliwe byly 5 g judl ol S wgb o Bl @

Lo Y Jgaa

is of variance in forage pea

el s el b bl
R PEy @ » b cuwils
o,k G2 oy Jol e ‘@‘ Cowld o
Statistic Plant Plant Sowing t‘ . Sowing
establishment . . .o Sowing to to
height at height at beginning 50%
first seco . er:n harvest
utting  cutti wering
Ore 88.7 17.1 166 168
Mean
Jlime Bl %
Standard 15.4 .5 3.78 18.3
deviation ‘
Sl W
( 35.9 31.6 22.8 10.9
Ccv
oz 0.947 1.17 -0.409 0.772
Skewness
LAWY
T . -0.50 0.471 -0.506 0.479 -0.517 0.109
Kurtosis
J5Susl 515 e
byl el 125 103 4.67 29.8 29.5 21.7
Bartlett’s chi-
square
Sbre Jloxs!
IS
)ﬁw ¢ s 0.0005™ <0.0001" <0.0001™" 1.00" 0.85™ 0.86" 0.98m
Significance : : : : : : :
level of chi-
sguare

2oyd Ky g Juoyd gy Jlein] zsbaws 53 )l xe U] g I3 me VB! pae oximd Ui by o * M
s *and ™ indicate non-significant differences and significant differences at the 5% and 1% probability levels, respectively.
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Table 4- Combined analysis of variance for traits of forage pea cultivars evaluated across four locations and two years
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s *and ™ indicate non-significant differences and significant differences at the 5% and 1% probability levels, respectively.
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Table S- Mean comparison of forage pea cultivars based on the combined analysis of variance in the levels of studied factors

v
(=11 —~
@ £ % ¥ 3 3w 2
3 € o s 0z des B 22 i3 3F a3
& = 3 3 3 S ol 4T } 5 J¥_ 5 3 3
g 48 D_$9_§:.482 %z J% ofz33: 33
33 ~E 3 &£ ¥3FcE 2 » 2 g ‘LED <& n $
v & 3 ns 7359352 22 2f 15 §F% 2:% xi
< KA 3 8 P2 = ke L2 S 3 s
hg 2 3 E ’3\?3,‘39\?33%,5 v, ‘—'S:E e B w2 s 2=
i€ 07 mE 3% ¢dz2E <2 owE 17 DEfwmeT jcs
g 2 §8 : z = ° NZ T 5, R ﬁoén° 2 o = 2
wn - —_ = an = 5 n - = o= = qa = ~ =
3 =23 % 2 4& g8 Ff i i 3%
= S A~ 3. g - E [ R ) @
™ -~ N 77} ~ 3 wn
|
JIe 9056 106014 16.82a  19083.0aW6800.0a 16.7a 1744b  2037a
JLs First year
Year PP g503a  10550a 17.31a  192570a 68589a 16.3a 1843a  208.l1a
Second year
LSD 5% 4.80 12.68 _ 2.18 21577 67558 ﬁ 4.99
]
Mook 9540n 125300 1360c  15540.7c 5854.0.C 1d ‘ d  1995c¢
Parsabad ‘ \
kS 000a  7552¢ 17295.4b 68752 b 168.2 b‘ 179.6b  2065b
oS Kermanshah
Location e 63.5 14217.9¢c 5028.4 d 190.1a  2016a  224.9a
Karaj
]f (4
o5 96.10 b 4a 9550.2 594c¢  1715¢  197.3c
Gorgan
LSD 5% 2.06 587.02 537 568 4.94
e 88.12 91.09 b 5327.6 ¢ 1647bc  177.1bc  213.1ab
Zerre \
=S\ g5 689 121214 23649.0a \B3122a 146b  1789a  190.6a  216.0a
Gap Pembesi
# 18962.0 5b  179a  1631c  1748bc  194.7c
Cultivars bc
199180b 75537ab 182a  171.8ab 182.2ab  207.0b
o 17410 172990 57976¢  139b  1613¢  1730c  1996¢
Tashkent bc
LSD 5% 63 281 31865  924.33 162 8.56 8.82 6.99
Sl iy o 53 15 ime BMS] JBlas 905l 4 dogi b wlos o3l Lis caliske Lg o b 487 (oolacle

odimd oyl oS Wyl )8 O] sy
pB,) (Y JSs) Lmd] P9 (6, dald 5 ol 2)Sles
slio (s LS Sl g 2B ) po g pgd slaas, 13 9 o0
o8y 3 Fomly Lagl 0Slas (Sl 4 ST cing a8 5
GGE-biplot Julsu ;I ke slo gt ;3 Dy (ool
aw (b (590955 g Vo bl g i pB)l (lulid pslateds
Yihunie & Gesesse, ) sl Jomis S0 Hlea > Jlgo Jlw
iyt 53 Jgto o 93 (b (5,935 o, i 5 (2018

.(Dadras et al., 2020) cuol oais odliiwl p)lb

GGE- Jdoui (wlwl 2 ylasly 9 35 o)) (2Ll

biplot
6Nl Alsuis jlages o a8 ob L_i GGE-biplot o
horiz (olos ol 13 (msor S 5, (ol 3 pB)) (55
a5 Gl 43S ) laee | (g i 9 438)5 )3
(¥ JS) ol gl 0358 ()85l g cages (5 oimd it
o5 3 (iRl 168 (VL5 Shee O3 I (Sl oy
o8003 31 290 i sl () Sl 93 (b 903l (3blis
Cgmaime bx o) (Byre (sly S sl S i S wsdlpa
Ol & Gl )3 (gD 08, &5 1300 Gl 2 950



AL ... (Pisum sativum L.) gladgle K5 ,55950 o6, ius sloaslis g €1y 3355 2l i)l eyl Ko g I

600 $Arda
P on)
PR
2% O
3 Gorgan_Y1
4001
.
: ’
200 e 3 \
: / \
. 3 / \
7 ; 7 \
x\’ash_lge.[\; ] ! \ \
........ s \ \
AN s 3 \ \ N 1
g 0 VR o "~ 8 :’tﬁ \Go gahy_Y2
e / = r; Kerma\\\snah_YZ y v
7 .. V) Karais A\ \ !
, g \ \ ]
5 ] ) Kermahshah_Y1 |
I/ % ' :f \ :
2001 4 ! \ 1
) 3 : W :
/ . {deal
2 e \
s \ ;
e \
. . , y ’
S Smesss \ \\ '
—400 i e \ \ )
______ A \ \ J
o a ‘\\ S J
- . /
Q Moghan-Y2-Y_ _ X e
X s S
—600} Moghan_Y1 S ~~<%cap
L H H s ol ‘
—4000 —2000 2000 4000 \

r=) 5 absle 5,Slae U sl e Y5 65y o 50 ine
(r =0.95, p < 0.05) S8 asgle 5(0.96, p < 0.05
Mo ialidl )0 wgy elas)l S5e ids odiad lois 48T CBld 3939
Olgeds gy gl )] i die 50wl oles 3 Slas 5 SLis 02l
Ont S (Siad (sladsle slopsS) 3 5 Slas slil 5l (S
Majidi & Arzani, ) cuwl oad i)l55 a4y s, b adgle 5, Slos
dig glas)) aS S o anli iy, du( Siuen oyl (2012
S oolo il b s g (1B, ) 0590 (sl pitne (el
To—29te adaly cpl codlpan s 5l gy 0 e 4y olS
)9]oc\+ woldssl dLbL«u.}}’) ol a8 el QT omaol_..ﬁd

olgied 35 10,0 5 0 pB)) 0 (Ll bl (olas 1o 5Slas
(seolio (Sl 5 i )l0k 9 598 (odng) 48 b oS (B
WHg-d o e gug i sadsly g sladlaie ol Ll b (4l
oolsln bl ldgle (S5,2356 pB)l (Byme &0 Lt gl
plosl adlate b 535Sl (55luk 5 48 0)93 Jsbo «(onldl Ll
Ol JigR ol 298 Juols ddgle adgs (il gy b3S
Shayanfar et al., ) o,Ken 5 3 LL5 slaaidl b o5 won
3Skae Sl ) sl (30 5 (0 5] o o) 1 (2025
dilbaie oz 1y (a8 5 033) At o5, 93 ddgle o
5 0o P &8 20,8 ()15 o]l 03905 5] ) o
ol |y o lusly o yie8 WSLBB o8 5 il 63V gyl b))
ol a3y Cilisee (daeo bl )5 53 plE)] (uSly (sl ol
Georgieva & ) s)b (S,85450 )8 g e )0 oliun Cuonl
45 3l s amariz sl Jubow caiizen (KOSEV, 2020
Siddos g Jiine (souldl il 53 5luly g oy 00 pB)) el
Bl dgle g ()l GRall sy Fhe 3 yml) Ml oo H9tS
M5 ol g3, a8 ol it isu pl @l (IS jgbas



(S35 a3l plon cul 35,5 o i S asle il
P L8 )3 1) (a0l 0y 00 o8, )58 (550 48 el
Wy il i« Jolie jd S o g )] g SSL w05
Sl 5 60, 8os Slio I S e b 5y e (Siren
2l & s o ) g Ml (S5l oS 5l s
& 03580 (65)9liS 3 oot (Shy cnl ol (o) o S g
3 3l ol Sl Blo Loy ogllan o515 5 4B S (SIS
Ol (Ko gl ggerme )3 bl J0y05 2 2V (630,
Olyisdn dilyie 4B 090 Job g 4 L)l 45 amd e
Jo—amey pB)l (5035 (ol 4 jaeS g puiime pd sload s

L5818 oolawl 5y90 (sladsle S5 y80450

F3Shes Jouiliy (sl oyl 4 oo b ey Ll aitas
Shp rolio (S50 pam it 1)) &Sy 392 Amlg ol o
sl ol syt B Ay ol g iugtd o 133
S (Sisson 85 31 (Lt (S5lgd Clino (Kivurod (o)
@35 ae 00 b g (235 £9,-0 b jo) m )i 5 558
iy b o g3 ol o sman o (1 = 0.99, p < 0.01)
aS e il 3939 (0 < 0.05 04 =0.92 51 =0.90 i yay)
By 0393 5 0392 ey S US pd pB) & cl cpledima Lt
5 iz b 0aub 45158 clialie b asl pl )b o5 SYeb

Sladgle S5 80950 o8 ) 4> 9 S99 Olo o q
Table 6- Pearson correlation coefficients bet phenological and yield-rel um'sativum L.)
cultivars p‘
ol 7 8 9
Traits
(1) Plant
establishment

Jol oz 0 g2 gl (V)
(2) Plant height at
first cutting

-ai‘

-0.53™ -0.64™

(6) Sowing to
emergence
P g9y b cls (V)
(7) Sowing to
beginning of
flowering
doyd B b csls (A)

0.58™ 0.59"

o -0.55" 0.61" 0.64"
(8) Sowing to 50%
flowering
el b esls (3)
(9) Sowing to
harvest

-0.53™ 0.58™ 0.65™

1
0.99™ 1
-0.62"™ -0.59™ 1

0.63™ 0.64" -0.85™ 1

0.66" 0.68™ -0.87"  0.99™ 1

0.60" 0.64"™ -0.72" 0.90" 092" 1

2oy K g doyd iy Jlein] zskaw 50 5 gme BB g Iy ime BB pae onind i iy !

#E % NS
9 O

s *and ™ indicate non-significant differences and significant differences at the 5% and 1% probability levels, respectively.
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