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Introduction

Vetches are especially important due to their resistance to cold and water-deficient stresses, and due to the
high amount of crude protein and detergent fibers, they have the same nutritional value as alfalfa and clover.
Planting vetch can increase soil nitrogen due to the symbiosis of its root nodes with Rhizobium bacteria. No-
tillage reserves more moisture in the soil than other tillage systems. No-tillage and reduced tillage significantly
increase mycorrhizal fungi in soil compared to conventional tillage. Increased leaf area index (LAI) and dry
matter in plants under reduced and no-tillage systems have been observed, too. Also, increases in chlorophyll
concentration, decreases in canopy temperature, increases in plant height and improvements in forage quality in
plants under a no-tillage system have been reported. This experiment evaluated the effects of different types of
tillage on morpho-physiological traits related to yield and quality of vetch forage to protect the soil and select the
best tillage system.

Materials and Methods

This experiment was carried out in Saral Rainfed Agricultural Research Station located 55 km north of
Sanandaj county, Kurdistan province, in the west of Iran. The effects of reduce tillage (RT), no-tillage (NT) and
conventional tillage (CT) systems were evaluated on rainfed vetch in rotation with wheat during two years
(2018-02019). Sowing date was 18 and 9th of October in the two experimental years respectively. All sampling
of rhizobium nodules, relative leaf water content, leaf area index, chlorophyll and carotenoids, chlorophyll
fluorescence, canopy temperature, enzymes, proline, hydrogen peroxide, malondialdehyde, leaf soluble proteins
and carbohydrates, leaf elements took place in early seed filling stage. The combined (2-year data) analysis of
variance (ANOVA) was performed using SAS software by the general linear model (GLM). The means value
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were compared using Duncan’s range test at P < 0.05.
Results and Discussion

In this study, the yield of dry forage in reduced and no-tillage systems increased by 14 and 24%, respectively,
compared to CT. A significant relationship (R = 0.75") was obtained between the relative leaf water content and
dry forage yield. According to the results, vetch in the no-tillage system had the highest percentage of
colonization (30.16%), the number of fungal spores (179.8), and rhizobium nodes (12.16) on the roots. The high
symbiosis of mycorrhizal fungi in RT and NT compared to CT was probably due to higher water uptake and
higher RWC. In the present study, vetches under the NT system probably had higher chlorophyll a and b
concentration due to more moisture and higher nitrogen and phosphorus in leaves. The results showed that the
tillage treatments had significant effects on the activity of reactive oxygen species (ROS), which was directly
related to the amount of plant moisture and antioxidant enzymes. The lowest activity of enzymes was in vetches
under a no-tillage system.

Conclusion

In this experiment, reduced and no-tillage systems increased yield compared to conventional tillage.
Significant increases in relative leaf water content and canopy temperature difference were observed in different
types of tillage. Chlorophyll content and carotenoids in plants grown in the conventional tillage were lower than
in reduce and no-tillage systems. The percentage of colonization, sporulation of mycorrhizal fungi, and the
number of rhizobium nodes were higher in no-tillage system. The levels of antioxidant enzymes, hydrogen
peroxide, malondialdehyde, and proline increased in CT compared to RT and NT. Types of tillage in rainfed
conditions due to biological and structural changes in the soil cause positive morpho-physiological changes and
forage quality in rainfed vetch seem to be effective in increasing yield and improving growth conditions.

Keywords: Chlorophyll, Forage, Mycorrhiza, Near-infrared reflectance (NIR), Oxidant, Relative leaf water
content
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(V) asleo
Fm, Fm'= maximal level of fluorescence in the dark and
light-adapted state

(v) aoleo
FO, FO' = minimal level of fluorescence in the dark and
light-adapted state

Fv, Fv'= variable fluorescence (¥) aolxo
(@) abslo
(Fv/Fm) = (Fm-Fo)/Fm = Maximum photochemical
quantum yield of PSII in the dark-adapted (Night)

(%) aslo
(FVIFm) = (Fm'-Fo)/Fm' =Maximum photochemical
quantum yield of PSII in the light-adapted (Day)

5l Lidpzl slod s sl (CTDY) Liwdggl (glod
1558 KIMO 8,5 cél Kiray100 Jas oy eobe zewle
sobatody 5 plxl giud g by LaispSojlal .ad ealitul auslyd
A bl Cgi 4 9) e wdad it gl b by JBls @
oo )y a2y (pSojlasl Glp (Jgere miwles I plojen
CTD (flsieds gzl g laore &ylys doyn cglay 0 oolasuwl
.(Reynolds et al., 2007) x>,5 jskaio

@M:u.usl‘f"di GL“?:'J-‘T
s BT J slas angs

Bl Yoo (oo 003 cmle (gy > S 2 il Sl
e @ s EDTA Yoo Lo 93 gob> (PH=Y) Vs clad
Yo osdanm Jens b (WIV) 2oy oz 575l 525 oo
993 Yeerr 2 ddBy ¥e Cdedy joS ke dlge .0 (Sen (PVP-40)
8 i Lo BK30 o) Jauds ke 31,5 5l 0 sl (slod
1 o3lizul (SOD,POX, CAT) s 5l

1- Canopy temperature depression
2- Sodium phosphate buffer

3- Mercaptoethanol

4- Polyvinylpyrrolidone -40
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855 9 1525950k &5 Ggmliyomml 9 Gomol il
Vo olad ol g &l ad blgl als o )3 3 s09mg 3
Cge el @iy Gacedny O 3 ooy Y85 @y 8 ol Wy,
Jslore bsgs oy ol (st 3 SB ) a0 g5luSty
&y g o> gyt g 0 (5 S5, KOH a0 -
Aoyd g s ial S, naiy (Vierheilig et al., 1998)
Giovannetti & Mosse, ) i bglas yog)d ygewljuiols
i s S IS Sy ey 53 o e (1980
Veoasdy) pobre S (Bolas jebay &Sy il g )B (ygmel g
bgbe | ey 9 cudlbp €908 plgisas pio il Vo Gos b &gy
5 S 3l oalisal gy sl sloliz gz o 1 p S Ve (008
«olsal (; Brundrett et al., 1994Jiang et al., 2018) ;4,51
(15 998 3L IXEL Jso osgenl] oSy Ssn b o
2 eoaiy $LrosS Sl (e gl A8 )led bagpl Sl
o 5l Bolad g ods By b Dl el b bilsl als ye
ool 5Siles 5 objlonts 4y (555 2 Woo)S Slass 5 Sl &8
(Erman et al., 2011) 15,5 jslaio

ao (ol jlaioas 14 Bgle CptS (6 oyl (o
lsl 3l o abgle o (slngolly > Jlain] S5 STas
dyg0 Al S Sygots Lialesl BT o cho ol (65598
Sl I ey ey by Jolgl ads e 308515 o)
P &lyp acwend JS ool )18 g 05 e 5l S gy (Solas
bwgs s « S MalS daz )3 Vo (gl )3 caslos YA Sodods 9]
s 0mb 0313 yas £yt e 53 SN 3l g yogmy MolS Clow]
Sk )5S lye s oSS Sl duse oSos] & losiged
28 9ols gimwid olSid b ddgle oS sl ol e
A5 ySojlanl 5 JLasl ASY + Sislol il Jas (NIRY) 55
Jafari et al., ) )L 5 (s ptm yogyd olSiwd (135 0,8
33,5 bl (2003

g Lanodlsy (Al 93) S o (il ly d s 1 g yloel Judod
i3l 5 o3 Ly (4l S5 dbgle kS s (sl
3lis .28 )5 & ygo (GLM) sgas bs Juo Lawsi 5 SAS
g bylaged 505 duslis (P = +/+0) (Sl g0l b b Sl
Slao (i gy (Simsed al )i g w5 ExCel 331 5

RWREWe) lmOT o sime polie g lagye

2- Near infrared reflecrtance spectroscopy

Ly b g abll doys Sy (TCA) dasl Stlg IS5 5 Jolono
JH) Souds pilaw )3 593 Voo e Ly s gty Codody s 23,5
93 4y e 3b 031> 1,8 (W1 Sigma 8 s sl 3K30
Sl e ) (oo 53 ke 005 e 5l Jsbro 2 Lo
odcel Cwddy Joloo g s a3l duoyd wus (TBA) 'Ky gi)bgd
3,8 5l 43 )3 A0 ((gyle o) €l Ol plos j3 4dds Yo e |,
& Sty |y Jylomo (23Sl i jglatens o] 3] de i ool 13
«olpd g0 adh Sonty ylaw ygd Voo e e L dddn Ve Cdody |y o
g OYY FO+ sloazge Jolbo )0 yiogidgiSiml olSiwd bawgs badiges
5 Jpes® obol 2 35415 glle lise 5 (s pSe3lsl yiagil 5
245 duwle NMOLGE FW & jg0as 4
(V) dbslso
MDA= 6.45 x (A532 — A600) — 0.56 x A450

Jolme logtis n s pSe3lul sl 38 2 Jglowe (g
3 >l Son A8 L (ybas) (otolef] aigns ) ds Sn Ve Sz
oBiwd by o 03,5 bl al)las 1) 5,685, Joloxo
1235 cld yiegls 038 zge Job 3 Ll lise ylegibeiSin
.(Bradford, 1976)

al>yo 3 Loy (oo pdiged 3l Ly i glone Ol g )5
ool JSI 5 T > Jlomo Sliing S oo ls iy il
A5 (655031l (Dubois et al., 1956) )\ Ken 5 (g19d g,

205 ) 3 Syt yid bl i gl 1S i
o 51,8 5l s (Kitson & Mellon, 1944) clsbly —clad s
o, 18 sl 51 eolatwl g 31,5 ol a > A0+ (slod )d ladiges
zo—= Jsb 2 035 SBlo il ey 5 4d s 350 0)las Vg S
A (65503l yogil Y.

S 3o e SxSoilul can 1 9 S g (39 i
oS gy 51 (J—olS (Sauws)) dals 5 (4l o adyy Jsll)
Jols 51 50 asly sy oliee WA edlazel (Kjeldahl, 1883)
Owusu-Apenten, ) o s OV 1D dlged y b (595 o pd
(2002

() &l> cpSgp = O3gpi Lo yd X OIY (A) Wsleo

1- Thiobarbituric acid
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Fig. 1- Meteorological data during two growing seasons (2017-2019) in experiment station
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Table 1- Combined (2-year data) analysis of variance goes to effect of different tillage treatments on traits related to yield and
plant height of Pannonica vetch

3, Sos 3, Sos 3,Slos Jqoa
el ate S0 oy CEEWY S aSles ot
Swo Vv ‘ &33! 7 gk ke Plant N b Biologic Coils 1
O.V. df Fresh_ forage Dry_forage height G_raln yield Hi
yield yield yield
\;JeL;r 1 7620608 670868™ 848.7" 17923.5™ 532856™ 1.95m
(Jbe) 55l 4 40660.6 7700.8 0.9 59.5 5999.3 0.75
Block (year) (Y)
_‘55” =t 2 3388249.5™ 347858.7" 122.5™ 94169.3" 793884.2" 67.5"
Tillage (T)
iS5 x Ju 2 44294rs 3993.7™ 1.04m 269.3™ 6690.8™ 0.36"™
YxT
s 8 12490.5 1299 2.08 636.2 1489.4 1.06
Error
) s et 1.97 2.04 2.96 8.1 1.81 7.2
CV (%)

20yd K g iy Jleis] a3 (391 510 gime g 5 gixe pie Sl (o ey s g % NS
* and **, respectively, 5% and 1% level of significance, ns is not significant
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Table 2- Combined (2-year data) analysis of variance goes to Effect of different tillage treatments on some physiological traits

of Pannonica vetch
TP a by S b Uy lS U5 by S -
Sl gl sl CTD LAI SLA Chloro-  Chloro- Total '\”ﬂ”l.s Fv/Fm  Fv'/Fm’
S.0.V. J Carotenoids
d.f phyll a phyll b chlorophyli
\‘(JL" 1 0.11™ 171™ 0.005™ 0.071™ 0.006™ 0.136™ 0.0006™ 42.09™ 9.23™
ear
() S5k 0.04 0.15 0.00000006 0.0048 0.0006 0.0097 0.00019 0.27 0.47
Block (year) (Y)
f””“gu 2 5.08™  3.62" 0.00003™ 0.67" 0.032™ 1.04™ 0.01™ 47.32" 199/21™
Tillage (T)
dj)ijl&; b 2 0.008™ 0.001™ 0.00000006™  0.0049™  0.0002" 0.0005™ 0.00006" 2.28™ 1.07™
Eu:r; 8 0.01 0.019 0.00000006 0.0028 0.0001 0.004 0.00003 0.56 0.91
(2) s 25 4.99 52 1.94 3.37 4.06 3.34 2.36 0.98 2.07
CV (%)

o> S5 g iy Jlein] mdaw )3 (09 510 Gixe g )l gime pias WL ey ks g % NS
CTD: Canopy temperature depression, LAI: leaf area index, SLA: Specific leaf area, Fv/Fm; Fv'/Fm'. photosynthetic efficiency
Night-Day
*and **, respectively, 5% and 1% level of significance, ns is not significant

9 Jolne (g ccson 351 b 9 (so2 1 (Gline —S 1 O (oo (Glgie 2 (5,55 B llideo (S jlowd TGS po (il yly 232 T Jgoa
Sl ol »® 5).5 C)‘).\ﬁ.ﬁ%;
Table 3- Combined (2-year data) analysis of variance goes to effect of different tillage treatments on Relative water content,
enzymatic and non-enzymatic activity and leaf Protein and carbohydrates in Pannonica vetch

4y Jolew e
Sl ele 5 RWC AT soD POD MDA  HO, ©9%  [Cocliple  Jse
S.O.V. ? Proline ; Soluble
o f protein
carbohydrates
;Je“;r 1 58  0.00012" 0.016™  0.157" 5098.21* 0.153™ 0.073™ 0.047™ 0.028"
(Ju) Ssb 0.344  0.000004 0.0003 0.001 17.46 0.001  0.001 0.00007 0.00004
Block (year) (Y)
iy 2 22439 0.00043™ 0.054"  0.278™ 8080.56™ 0.528™ 0.79" 0.096™ 0.05™
Tillage (T)
‘5”95 5; d“ 5 0062% 00000003 0000019 0.002  43.05% 0003 0.003" 0.0007" 0.0009"
E”:rzr 8 1.64  0.000009 0.0012 0.009 104025 0.005  0.001 0.0006 0.0003
() Slyess o po 2 4.81 5.05 7.75 4.15 5.8 3.97 3.42 5.87
CV (%)

599 A1y (H202 sl > yolle MDA (jlasnS g0 POD 3bg0mnrd 1S yge0 :SOD YU :CAT o5 ol o (slgima RWC
2o > S5 g i Jlain] maw )3 (09 55 Gxe g Jl3 pime pie Gl ey ki g % NS
RWC: Relative water content, CAT: Catalase, SOD:superoxide dismutase, POD: peroxidase, MDA: Malondialdehyde, H205:
Hydrogen peroxide
* and **, respectively, 5% and 1% level of significance, ns is not significant
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Table 4- Combined (2-year data) analysis of variance goes to effect of different tillage treatments on mycorrhiza fungi,
rhizobia nodes, leaf and seeds elements of Pannonica vetch

st e B T T T NNt L pU v 3%} . 78 jopw! dlaxi w93y S0
Ol et galio T 7 R g P Y 1 R Parasty S0
&5l - Grain - Number of Number of
S.O.V. Leaf N Leaf P Grain N - colonization o
protein Spores rhizobium nodes
b 1 0.68™ 0.02™" 1.25™ 42.04™ 3.55™ 76.05M 2.72™
Year
(L) Sk 4 0.008 0.0004 0.0007 0.03 1.88 59.55 3.05
Block (year) (Y)
f‘”’“ﬂi 0.79™ 0.022™ 0.131™ 0.4.0™ 615.05" 26745.05™ 154.38™
Tillage (T)
dj)ijl&; b 2 0.0003"™  0.00008™  0.0007™ 0.005" 0.72m 37.38™ 1.05™
1229
8 0.023 0.0002 0.0006 0.018 3.22 80.3 3.05
Error
T Sl pds o
(7) Sl o 5.52 3.83 0.7 0.67 9.1 7.98 7.36
CV (%)
Loyd S g gy Jlein] o 55 (3 Y i 5 )b me pas ALt ud 5y e g % NS oSy yawd IN 5y 55,05 N
N: Nitrogen, N: phosphorus ; * and **, respectively, 5% and 1% level of significance, ns is not significant
Siilo ol g5 ) g 3,500 b dad po Sl 1 (65,956 ciliro (b, lowi 51 Al 93 (puSiluo duwglilo -0 Jgan
Table 5- Comparison of the 2-year average of traits related to yield and Plant height of
Pannonica vetch
. we s = i Al SU59)gm 3
§abgle 3 Shas Suid adgled Slos  olS glis! Aot SijggmaSes
. . . Grain Biologic r o>
Fresh forage yield  Dry forage yield Plant height . .
(kg.hal) (kg.ha'y (cm) yield yield HI
' ' (kg.ha™) (kg.ha™)
R NT 6464.32 2013.82 53.62 446.62 2509.82 17.78
“;’ﬁ RT 5482.3° 1738.6° 47.7° 287.5° 2080.8° 13.6°
IHiage cT 4988° 1533.3° 44.8° 199.5¢ 1786.5° 11.1¢
oialejl Jlo 2018 6295.52 19552 55.52 342.72 2297.78 14,52
Years 2019 4994,25 1568° 41.8° 279.6° 1553.6P 13.92

5,15 o b (gyld sme M) 4SSl 905l ol p cditaan S jidie Cgys clyl> 457 (oolael (ygtunyn )3 powye cuiS ICT (65,9508 RT (sbitane cuiS :NT
NT: No-tillage, RT: Reduce tillage, CT: Customer tillage; Mean values followed by same letters in each column are not statistically
different based on Duncan’s range test at P = 0.05

Sdlo ol Sy jglgr 5d Olbeo 12 (55,9 Ao byl ST Al 93 5Nk dmngliio T Jooa
Table 6- Comparison 2-year average of some physiological treatments of pannonica vetch

a Jadgi5 b lds i JS Judyls

igiig,l
c(:o-l(—:[)) I(_n,?;)l (r?]lz_.?l) Chlor;)phyll Chlorlg)phyll chl;-rootalh | Carotenoids Fv/Fm  Fv'/Fm'
° - OPYI (mg.gtrw) (%) (%)
(mg.g'FW)  (Mg.g'FW)  (mg.g'FW)

. NT 306 35 00145 1.92 0.397 2.33¢ 0.297 7848 527
29 1.83* 25  0.0115° 1.54b 0.3° 1.86b 0.23° 75.63"  45.18P
Tillage o1 126c 26 00103  1.26° 0.24¢ 1.5¢ 0.21° 72.86°  4053°
Lalej L. 2018 213" 301* 0.0126° 164 0.33° 1.98° 0.25% 7718 46.62°

Years 2019 197¢ 239"  0.0115° 1.51b 0.29b 1.81b 0.242 7413  45.18

auaitane CuiS INT gy g cad 3 Y piamgid cog0lgS” oIS IFVIFM; FVIFM' ¢ b9zl (slod M3 :CTD o5y 039 gdaw :SLA 5y prdaw a3Ls (LAI
L)l6 o2 b ‘_;)IJL;LM sl Oiil) Qyzﬂ u.JLu‘ JURRv ‘S)‘*“‘ gy sy &8 (golael OG0 yR )3 (pow o cuiS :CT (‘_;)')%SBWS RT
CTD: Canopy temperature depression, LAI: leaf area index, SLA: Specific leaf area, Fv/Fm; Fv'/Fm': photosynthetic efficiency

Night- Day; NT: No-tillage, RT: Reduce tillage, CT: Customer tillage; Mean values followed by same letters in each column are not
statistically different based on Duncan’s range test at P = 0.05
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Table 7- Comparison 2-year average of relative water content, enzymatic and non-enzymatic activity and leaf protein and
carbohydrates in pannonica vetch

. Ol gs S
CAT SOD POD MDA H:0: 0“‘9_’*: oo x5 Jale
RWC  nits.mg- its.mg its.mg : line Leaf solubl
% (Units.mg?  (Unitsmg®  (Units.mg® (nmol.g® (mmol. Proline Leaf soluble Leaf solubl
(%) protein.min®) protein.min) protein.min) FW) g!Fw) (pmolg®  protein €af soluble
FW) (mg.gt Fw) carbohydrates
(mg.g* DW)
" NT  70.782 0.056¢ 0.58¢ 1° 205.32¢ 0.96° 0.6¢ 0.91@ 0.42
“_f_);lg RT 62.67° 0.066° 0.7° 1.3° 254.74° 132> 0.81° 0.72b 0.290
Wage  c1 588 0073 0.772 143 277.02* 155 1312 0.66° 0.22°
oialeil Jle 2018 64.65?2 0.063° 0.65° 1.13° 228.8> 1.18° 0.84°P 0.812 0.342
Years 2019 6.52° 0.0682 0.72 1.328 265.52 1.36% 0.972 0.71b 0.26°

ioiiiane oS INT )59,00 STy H202 sl 5 lle MDA (5lasnS g POD 3bgomnd 38T g :SOD YL :CAT o5 o s (glgie :RWC

35,15 o2 b (gyld e M) 4SSl y905] ol cditnds S yiidia Chgys (clyl> a8 oolae] ygiunyn 53 pgwpe oS (CT (g5 SBpS RT
RWC: Relative water content, CAT: Catalase, SOD:superoxide dismutase, POD: peroxidase, MDA: Malondialdehyde, H202:
Hydrogen peroxide; NT: No-tillage, RT: Reduce tillage, CT: Customer tillage; Mean values followed by same letters in each column
are not statistically different based on Duncan’s range test at P = 0.05

Sl oLS dild g g0 eolic coamginy S0)5 32,00k 48w (65,551 Cliseo b lowd T dlw 90 (1Sl dun o —A Jou>
Table 8- Comparison 2-year average of mycorrhiza fungi, rhizobia nodes, leaf and seeds elements of pannonica vetch

s JEE 5955 U"';”’ s T8 ygpel laa P93 855
ROl ls als pls Osl36995  Number of Number of
Leaf N "’ . Graincrude Colonization spores rhizobium nodes
LeafP G N
(%) eoa r%m protein (%) No, per No, per
(%0) (%) (%) 10g Soil Plant
e NT 3.16*  0.49* 3.728 21.232 30.16° 179.832 12.16°
#fﬁa . 2.64° 041° 351° 19.98° 18.5° 110.66" 4.33
fag CT 2.47°  0.37° 3.44¢ 19.69° 10¢ 46.33¢ 2.66"
ol w2018 295  0.46° 3.822 21.832 202 114.33? 6.72
Years 2019  256°  0.39° 3.29° 18.77° 19.112 110.222 62

5,15 o b (gyld sme M 4SSl 905l bl p cditans S jidie gy clyls a5 oolae] yginym )3 pomye cutS ICT (65,9508 RT (oshitane cuisS :NT
NT: No-tillage, RT: Reduce tillage, CT: Customer tillage; Mean values followed by same letters in each column are not statistically
different based on Duncan’s range test at P = 0.05
Sl ol abgle CaS g1 (55,9515 iz (g, lod 31 (3T Jlus) s Sy il fy 41355 -4 Jgon
Table 9- Analysis of annual variance (last year) goes to effect of different tillage treatments on forage quality of pannonica
vetch

Ok gle @3l oo pup  wsc  ADF ASH  CF NDF

S.0O.V. d.f
e 2 0.32" 0.34" 0.11™  0.058™ 0.058™ 5.21" 0.21m
Block
Lg))f‘—gl> *k *k *x *k * * ok
’ 2 6.13 20.25 3.11 25.62 2.98 43.19 46.99
Tillage
s

4 0.04 0.26 0.02 0.25 0.33 0.31 0.47
Error
(2) s e 0.98 0.84 5.4 141 5.5 1.8 1.2

CV (%)

SUINDF GBI pls 0 :CF (S5 a0 :ASH (gl 0395 55 Jolomeli :ADF (Ol Jolomo (i WSC wadsle (¢ piomuan DMD «jalls yi5g ) :CP
S 0diysd 5> Jolonal
o> S5 g i Jlein] o )3 (09 50 Gxe g Jl3 pixe pie Gl ey ki g % NS
CP: Crude protein, DMD: dry matter digestibility, WSC: water soluble carbonates, ADF: acid detergent fiber, CF: crude fiber, NDF:
neutral detergent fiber, ASH: percentage of ash; * and **, respectively, 5% and 1% level of significance, ns is not significant
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Table 10- Comparison of annual average (last year) of the effect of different tillage treatments on forage quality of vetch

CP DMD WSC ADF ASH CF NDF

(%)
o NT  222° 64° 3.8 322° 116° 26.7°52.7°
Sig S RT  202° 604° 23b 36 10° 31° 57.75
Tillage cT 194¢ 59¢ 1.8 38 9.8 34.3260.5°

GLINDF (GBI a1 iCF ¢2uS6 500 2ASD ¢ giusl 00355 5> ool AADF o Jsloxe (325551 WSC bgle (¢ .isouin DMD ¢ jalls oyui5g s :CP
(S odizgd )3 Joloal
B85 0n b (gyld gme M3 Sy (905l olol yr isants S yidie gy glyls 45 (oolael gt 43 powye cuiS (CT (65,9 B0S RT couiitun s :NT
CP: Crude protein, DMD: dry matter digestibility, WSC: water soluble carbonates, ADF: acid detergent fiber, CF: crude fiber, NDF:

neutral detergent fiber, ASH: percentage of ash; NT: No-tillage, RT: Reduce tillage, CT: Customer tillage; Mean values followed by
same letters in each column are not statistically different based on Duncan’s range test at P = 0.05

po—ore $1r9S LS sla (blix 65,k 5l oslatul & 5,8
O30l g Mo d YA B A o Jpame 3)Sles ioli8l el Llgs o
o=l @l L 45 (Zhang et al., 2012) 39 ol G pae o8
LYY ol 0o cldllas jo o Siimgh )b Slgded Subd
A Cumd e CudS 53 |y 3556 oLS 5, Sae iul38l do > OV
Moisine Gl > g 53,5 (135 pgw e CudS g (5j)9S S
) pooye 4 Coms (LS bl L ol o e culS )3 5 Slos
Hemmat & ) 55905 ol ) Of a0 lalS iy o jiawd g 03
puS 3, Sloe ialidl i plu bl (Eskandari, 2004; 2006
4535 psl pgspo CdiS Ay Cud (5SS CulS )
.(-Chaib et al 2020)
el LS aS sol Camdds pawype cuiS () gli,l o jieS
SS9 659 S S & Cand i i |y (g yte 5l ATA 4 V/A
a0 a3l lLalS il () 53 (0 J9i2) Cudly pgwye
A Sl (i ELB)] ()3 sne ©jgods mafitns CIS g,
S 5 oS glis) V5 ) X8I paus e €S 5 (539 oS
Jdo)lS el elS Ol 29 any (g0 pousye S
A Cuns ¥ piwawsid ol LS 5 (Mafakheri et al., 2010)
(V9% Joliz) 35 o)Ll (65598 (g 9 5595 BS sloyles
@ (0 Jsi) ialojl 2)50 Jlo 93 13 oS 5] Sl ¢ i
Loy s s 3929 5 2lsm 5 Ol bulyd Colis Joas Wl

Al alS els)) ialibl g claiolojl 15 55 Son ol
Borstlap ) 13,5 saaliie pow pe ds Causss |y paitone CulS )d 0
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Fig. 2- Correlation of physiological traits and forage quality of vetch
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A: Relative water content and Leaf area index; B: Relative water content and Colonization of mycorrhiza fungus; C: Relative water
content and Quantum efficiency of photosystem II; D: Relative water content and Total chlorophyll; E: Relative water content and
Dry forage yield; F: Number of rhizobium nodes and Leaf nitrogen; G: Colonization of mycorrhiza fungus and Leaf phosphorus; H:
Colonization of mycorrhiza fungus and Hydrogen peroxide; I: Number of rhizobium nodes and Leaf soluble protein; J: Canopy
temperature depression and Catalase; K: Canopy temperature depression and Malondialdehyde; L: Relative water content and
Catalase; M: Relative water content and Superoxide dismutase; N: Relative water content and Peroxidase; O: Crude protein and

Relative water content; p: Relative water content and Canopy temperature depression; Q: Crude protein and Number of rhizobium
nodes; R: Crude fiber and Relative water content S: Dry matter digestibility and Canopy temperature depression.
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1- Crude protein

2- Dry matter digestibility
3- Water soluble carbonates
4- Percentage of ash

5- Crude fiber

6- Acid detergent fiber

7- Neutral detergent fiber
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