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(Lathyrus sativus L.)

Effect of Irrigation Regime and Phosphorus Fertilizer on Growth Characteristics and

Seed Yield and Forage Yield of Tow Grasspea (Lathyrus sativus L.) Ecotypes
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Table 1. Average of precipitation and temperature in Lalehzar region in

2018 and 2019 growing seasons

2018 2019
Shepn) b 5 s s Sheal S 5 she Hp kb
Month o  May Jun. Jul. Aug.  Sep. May. Jun. Jul. Aug.  Sep.
Percipitatin (mm) ~ (zlo) St 60 99 00 00 00 18.0 .1 00 00 1.0
Temperature (°C) () Kl) e 8.7 1.1 179 192 190 10.2 159 205 188 169
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Table 2. Soil physical and chemical properties of experimental site

Growsing season o b
Soil parameter S Fys 2018 2019
Texture ARG e S s TR S s
* Sandyloam Sandyloam Sandyloam  Sandy loam
Depth (cm) (esl) Gee 0—30cm 30— 60 cm 0-30cm 30-60 cm
Sand o 74.0 72.0 75.0 73.0
Silt e 12.0 12.0 13.0 13.0
Clay ) 14.0 16.0 12.0 14.0
Acidity (pH) o 7.8 7.7 8.0 7.90
Organic carbon (%) ST s Ay 0.87 0.70 0.97 0.94
EC (dS ) oy it pod) S ASY Calitn 0.49 0.40 0.57 0.50
Pa. (mgkg") (CFIS 5 0 5k i 5 i 8.0 3.9 8.0 4.00
Kav. (mg kg™) CFAS oS oy 272.0 196.0 230.0 180.0
Fe (mgkg!) (CFAS 0 Sk AT 432 3.39 40 3.10
Mn (mg kg (CFAS 0 5k 55 5.6 45 5.1 420
Zn (mgkg ) CF IS 50 Bke) 555 3.1 2.1 3.0 2.00
Cu(mgkg ) CEAS 0 540 e 1.1 0.9 1.0 0.80
T T oo (S5 -V
Table 3. Chemical properties of irrigation water
S Sl Cl" Ca+Mg? Na'
=) e (el 2 5 505,550) EABS e
Growing season ~ EC (umohcm™)  pH (meq I') SAR Waterclass o7 .5
2018 400 71 11 2.3 215 201 S bege U6 st
2019 390 71 1 2.1 2 195 €281 oo g WU 508
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Table 4. Volume of irrigation water for different irrigation regimes

A NS 5e5 S5 ) ed deo y5 O
()L&A PL \.A&);a)
50% evaporation of

A S 55 685 I ed deo 3 VO

75% evaporation of

A 5 St ) s ys )
(_}L&A DL ‘._,&{n_;w)
100% evaporation of

()&))gfa{a_;w)

s Jeab class A evaporation pan class A evaporation pan class A evaporation pan
Growing season (m>ha!) (m’ha!) (m*ha)
2018 2405.0 3608.0 4811.0
2019 2093.0 3140.0 4187.5

Ot y3 B0 51 i &S5, Sl g
PSS s 8 el A Jolee (635
23 ¢l 3a (55 53 oy olAaS gm0 S
4y CL..&S)l L(ﬁ‘._:.;)) aSls slaas taia
3o Olaj ol 3 4ils Cusby s (6, S oIl
Sed s 09T 530015 HI 3L aS 5p Lo s 1O
5! = (Esmaeilian, 2019) 4w, 4o ;5 ¥+

.>)_<L¢$« casls >J_<L..:« ls Hlia 059 Sl

355 g e 53 gl 53 St b e IS
:wLwleJ;LSJJGJ.e)M
Yp

PFPp = -2

[ P FPJ Vel

(Dobermann, 2005; Kumar et al.,2015)
304 PFPD G 5 alaly 53 .3 8 aclona
6355 slad 3l Juol a3 5, Shes¥p ¢,
5308 2 (B3 355 Ol P
SUNESIES

S8l 3l eslial Uy Laesls syl i
L La ke awslie s MSTAT-C (5T
b o Sl (glacals w50 3T I ezl
o 1t At el A3 iy e
s oslaiwl Excel 2013)\;..&!(; S lasls ged

Az

ol (slaslas 7 glaw Jloe! NE
o o 53 5 el 5 Ot o Sl ey 0T
L olal obe) s plonil a4 (S 20
S 5 OT MK cd by
ST os3 3555 5,05 25 oS 4 oS, sbay
293 2 53 ST Ol 5 T s w0 g, in
S estizal b T
(ETo = Kpan % Epan) ) ey
3 .4b 4wl (Irmak et al., 2002) S |
Kpan « oty & 5 5 ied ETo 355 alad
5 e OV s Bpan 5 e &S o

G CE 5 S P e S
(Mosavi and Akhavan, Ol 5 (S g se
O s Sl o3lial ) a5 S 03liew! 2007)
S e R S R L ]
202 2T e bjlas il 5 s S
(s amlos LT Su sy

CPNGIEITE ¥ t;)l_:fTQl_’.é.s‘_}Ss\u\_’J
Oy oty Lajles dS” 6l (o5 el e
o5 53 Jst Jle 3 Sbls s plnil OLSS

)ﬁﬂ_@@@)lﬁ)arjjdb)bja‘}]a\\



WA Jle o o led FF Al " 5 9 Jlgh doxe”

J}MLQJ%M#M)L{‘J&&\))‘J{J
oml Salie sl s a5 LT )0
o3 Ve Ol o ol Tobes 53 SilesT
Ay s olE Wi el e oSt I s
sy 8, Gl AL adls i oy
:\MJM:\:QWL&@Q@M&
2SS 7 35S slajles sy
tfj_x,fwvdsﬁﬁ%whwp)&a
u‘}JBUﬁ)b%V/VJ\MLfJ&JD
b.l}hum.lﬁyfﬂy))bui)\v\a]wjl«{}
j)KH.(?JJJ_?):ﬁ%‘P/‘?s\A_,J
a5 s (Sarkar et al., 2017) o, en
3 e o LT slag s 5 pind 5557 51
b il ST 2GS 5 s 15 MY
3 e L aST i baast i slias 21581 Esls
A ¥ 5l laasLs sl Jiud 5,5 0 S ASTVO
b sl s el e 4y S
(Nandini et al., 2018) ol,LKen 5 UL
L5 s S oS 1y plte bl 5
O o e L ST Unls QLS s ol
,m«;uglupg;)t&,;cf};
4 S 45 g 53 domiy V1 /7 4 O/ 1 J olS
R R P RINERN I
S5l s S e s Y ile;T ST ss
Ll I ae O glds 4T g 5 dsey sldw
95,5 i S ST 53 amey Sldw o i
b S LAY G ST aey slas o eSS

7Y

487315 0Lt Laesls S e bl 4 s
A G S 5 b 358 5T 55 ]
S 5 b3 gy el o )3 6 g 3 domy
s (O Jgbzr) 5 5 Hlo oime s 5>
Sy 3 dmy SR o i 315 Ol b Kk
500 Ol o LT slasles jlae VYL
G A IS 55 oS I s Ao s Ve
SORASS Ll e sl 09) T s
slad Slade PIAL &5 55 iy sldad o 2aS
AaT s 4 e Lo 53 VO Ol s 0 (6)LT
(F Jods)
3 (Gupta et al., 1995) 0,Kes 5o &
O S 3530 (1S Ty IS 2T oK
M‘SLQ)W)JMD;GMW&J';:
Wl IS e gleanS sl i
ren (L3l S Gy 53 5, el
LS Lyl ralST Eel o Sl 3
Cel Ll oSt 0y Al oS o
Sl ol 3l g baa s sl il 53l
e LS i (Giamy) oo p sl
Slass 53 gt ol 53 45 g 3 4y Sl
I S ) e A3 00 Olje 4 50T
ses 3 E Tl ol S 5l Sl s Seen
St I e Ao yn V0 Ol e o (60T
ddy il ol Eel aS U edalin - bes
Ao oLE oy SIS 0S5 (s
OHSKan 5 5585 =L LseS s 8
3,ls §lssen (Rastegari et al., 2017)



oDl g b 355 5 ST w5 5

A S 55 ¢S5 am 5 Shas 5 ails 3 Shes ¢ o)) Slao gt 5 5 6l &S o byl a2 =0 s

Table 5. Combined analysis of variance for some agronomic characterisics, seed yield and biological yield of grasspea ecotypes

Mean Square ENRR
S
S5dse ook
&sl3T a5 & g 5> dowy SldaS g (;l:.} sl G gy rl:a Sl (l:J 3 &ls slass Sy CLS)\ als 5. 05 &ls >J.§k~a Biological S (8 pn

S.0.V. 5 pda df Tiller no. plant™! Podno.m?  Podno.plant!  Seedno.pod!  Plantheight 1000 seed weight Seed yield yield PFPp
Year (Y) Ju 1 0.630 481.503 0.359 0.013 8.841 4.481 1270.30 11201.70 0.008
Error 1 ) las 4 0.636 600.336 600.336 0.005 4.823 53.880 39065.90 68664.20 4.119
Irrigation (I) bl 2 2.182" 3300306.900" 78.128"™ 0.090 4837.600™ 119.528 17716342.70™  108476754.80™  1648.114™
Y x1 ok x J 2 0.026 60.068 0.017 0.001 8.091 60.176 26717.40™ 117302.58 0.520
Error 153 8 0.327 2065.645 0.382 0.243 4433 42.407 45638.90 196772.10 2.849
Phosphorus (P) b 2 6.701" 477793.700 140.429" 4.038™ 315.670" 65.861 3678576.00™ 13425030.20™  6345.735™
Y xP b x Jl 2 0.853 10.348 0.310 0.003 0.003 11.398 4417.80 15271.08 0.027
IxP b x T 4 0.135 52546.400™ 1.308" 0.054 6.120 47.639 476212.80™ 1740148.90™  547.059™
Y xIxP b X (5T x 4 0.129 1.111 0.130 0.001 0.051 55.593 13710.80 32358.80 0.524
Ecotype (E) =y 1 43.828** 655699.000™ 148.052" 1.517" 407.940™ 32586.800™ 32157.40 2100396.00™ 61.201™
YxE S SIx Jl 1 0.009 4.984 0.001 0.001 0.027 65.333 1047.82 16165.14™ 0.078
IxE o STx bt 2 0.0001 104933.600™ 12.175™ 0.027 18.181 35.287 8186.41 846479.70™ 6.754"
Y xIxE I STX lTx 2 0.012 1.918 0.023 0.001 0.032 93.528 52910.99 247401.57" 1.517
PxE I STIX b 2 2.111 252946.600™ 72.218™ 0.824™ 115360 55.287 2373743.90 9292066.50™  382.981™
YxPxE o STx s x Jl 2 0.183 4.633 0.001 0.003 0.014 85.194 22756.04 76431.25 0.875™
ExPxI o SIX b x LT 4 0.165 21959.100™ 3.588" 0.037 12.708 13.343 153664.70™ 1039161.61" 27.446™
Y xIxPxE S SIX b x oolaT X 4 0.059 0.889 0.034 0.003 0.053 20.889 31148.77 146565.00 1372
Error 2 Y olas 60 0.942 1221.970 0.369 0.081 10.428 57.187 19857.50 89632.93 1.360
C.V. (%) [ - 13.570 6.590 6.710 8.050 8.780 7.310 10.04 9.37 8.820

" and **: Significant at the 5% and 1% probability levels, respectively.

PFPp: partial factor productivity of applied—P
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Table 6. Mean comparison of effects of irrigation regimes and different phosphorous

fertilizer levels on yield components of two grasspea ecotypes

Sy C\.éj)\
Cragiler) G2 4l i 055
o oo $ g 3ty Sl Crre s plals EPETI RS Pl ol shaws Plant height 1000seed
Treatment level  Tiller no. plan’! Pod no. m? Podno. plant!  Seed no. pod’! (cm) weight (g)
Irrigation LT
IR50% 7.2a 180.8b 7.3b 3.55a 23.93¢ 102a
IR75% 6.8b 699.7a 9.8a 3.49a 39.95b 102.9a
IR100% 7.2a 710.7a 9.9a 3.59a 46.45a 105.5a
Phosphorus fertilizer .58
Po 6.6b 397.8¢ 6.7¢c 3.1b 33.41b 103.3a
P60 (kg ha'') 7.4a 587.2b 10.0b 3.8a 38.95a 104a
P120 (kg ha'!) 7.3a 606.1a 10.4a 3.6a 37.98a 102.2a
Ecotype S
Lalehzar 6.5b 608.3a 10.2a 3.43b 34.84b 86.1b
Shar-e-Kord 7.7a 452.4b 7.8b 3.66a 38.72a 120.8a

I s e sl A3 oy el a3 (S (ol ials i a 3T bl y 8l 0 ST o S Bl glls ST Jule o (5l 5 im0 (ol S
Means, in each column and for each factor, followed by at least one letter in common are not significantly different at
the 5% probability level-using Duncan’s Multiple Range Test.

IR50%: Irrigation of 50% evaporation from class A evaporation pan. A .5 s ¢Saii jl ées Aoy 00 Ol 4 LT IR50%
IR75%: Irrigation of 75% evaporation from class A evaporation pan. A DS 55 St 3 ses Ao ys VO Ol 4 ,WT IR75%
IR100%: Irrigation of 100% evaporation from class A evaporation pan. A 5 s ¢Sais ji s duoys Yo+ Ol 4 6,LT IR100%

PO: No phosphorus fertilizer.
P60: 60 kg ha! phosphorus fertilizer.
P120: 120 kg ha"! phosphorus fertilizer.

b 558 05 PO
b 35 )Sa 5 5 4S5+ P60
b 35S 3 0 5 4STNY P120
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Table7. Mean comparison of irrigation regime xphosphorus fertilizer X ecotype

interaction effect on seed yield and forage yield of grasspea

4l 5 Shee S5 P gm s Shae
(LS s (‘Jfﬂ:—ﬂ O s (')f}‘l:s> Ad D pan (S50 142

S Seed yield  Bioligical yield (o S s 4l p SLS)
Treatment (kg ha™") (kg/ ha'!) PFPp (kg seed kg p™')
Lalehzar ecotype ,1; <Y s ST
Po x IR509 547.0e 1068.01 0.001
Pso x IR509, 566.0e 1181.01 9.10f
P120 x IR50% 769.3d 1451.0h 6.38¢
Py x IR759 1353.0c 2972.0g 0.00i
Pso x IR 759 1741.0b 3730.0de 28.95b
P20 x IR 759 2291.0a 4821.0c 19.03c
Po x Lioov 1372.0c 3397.0e 0.001
P60 X IR100% 1721.0b 3707.0(16 28.63b
Pi2ox IR100%  2425.0a 5170.0b 20.15¢
Shahr-e- Kord ecotype 55 ¢ o551
Po x IR 509 401.0e 863.01 0.001
Peo x IRs0% 774.0d 1537.0h 12.87¢
Plzo X IRso% 503.0e 1075.01 4.13h
Po x IR759, 1275.0c 3327.0fg 0.001
Pso x IR759 2401.0a 5612.0a 39.98a
P20 x IR759 1679.0b 3934.0d 13.95de
Po x Lioow 1238.0c 3315.0fg 0.00i
Pso x IR100% 2389.0a 5666.0a 39.78a
P20 x IR 100% 1814.0b 4681.0c 15.08d

I 3 dre sl Ay o el a3 (ST (gl ials iz O ga3T bl y Sl 0 S e 3 S il (s ST g (ol S
Means, in each column and for each factor, followed by at least one letter in common are not significantly different at
the 5% probability level-using Duncan’s Multiple Range Test.

IR50%: Irrigation of 50% evaporation from class A evaporation pan. A (58 e ¢Sais I o duops 00 Ol 4 LT IR50%
IR75%: Irrigation of 75% evaporation from class A evaporation pan. A (58 55 ¢Sais I o duo s VO Ol 4 )T IR75%
IR100%: Irrigation of 100% evaporation from class A evaporation pan. A 55 s ¢Sais J o dops Voo Ol 4 LT IR100%

PO: No phosphorus fertilizer. b 558 05 PO
P60: 60 kg ha™! phosphorus fertilizer. b 35 )Sa 5 0 5 4S5+ P60
P120: 120 kg ha'! phosphorus fertilizer. b 35S 3 0 5 ST AY P120
OIS 3 @S e o3 O Ol 4 Sl s g i g Ol ialS S
SialS iy o B sy i BBA Sl co po 50LS 53 515T s JLS s,
ol s (St i Ll s S ails 3 Sles (Liu et al., 2015; Mouradi &ul (g s 5
Al 53 pls sl Ol e 1 (AU g sy etal.,2016; Zegaoui et al., 2017)
S 5 4l 5158 0556 3 g g gl 5 pelaw Gl Sl 3t Cou ails 3 See zalS”
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