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Effect of water deficit stress and bio and non -bio-fertilizers on flowering branches yield,
photosynthetic pigments and concentration of macro elements in thyme (7hymus vulgaris L.)
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ABSTRACT

To investicate the effects of water deficit stress and bio and non-bio fertilizers on Thvmus Vulearis. a solit
plot exneriment was conducted based on randomized comnlete block desien with three replications in
2017 in Asgarya agricultural field in Yazd. The treatments included water tension: W:=7 (Control).
W->=12 and W-=17 davs irrigation intervals as the main factor and bio and non - bio fertilizers at five
levels includine Bi= control (without fertilizer). B>= endo mvcorrhiza (Glomus). B:= Azospirillum
bacteria. Ba= Pseudomonas bacteria and Bs= chemical fertilizer (NPK) a sub — factors. Results showed
that the hichest flowerine branches vield. a. b. and total chloronhvlls and nitrogen and phosphorus
elements were observed in 17 davs of irrication (W2). 12 davs of irrieation treatment (W>) showed the
highest potassium element rate. The highest a. b and chloronhvlls and nitrocen were observed in
Azosniriﬂum treatment (B:). The hichest total chlorophyvll. phospvhorus element. carotenoids and
flavonoids were observed in Pseudomonas treatment (B.): the highest notassium element rate were
obtained in mycorrhiza treatment (B.); the highest flowering branches vield were observed in NPK
treatment (Bs) and control (B:) treatment resulted in the highest anthocvanin

Keywords: Azospirillum, chlorophyll, mycorrhiza, pseudomonas, quantitative yield.
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Tablel. Meteorology data of the nearest meteorological station to the tested area in 2017

Station Average Average Average Average Average Average Total annual Total annual Number
annual minimum maximum annual minimum maximum rainfall) mm( evaporation of sunny
temperature annual annual relative annual annual ymmy( hours
(°O) temperature temperature humidity relative relative
(°C) (°C) %) humidity /) humidity (/)
Yazd 21.6 14.4 28.4 22.6 11.9 333 23.6 3046.2 3569.9
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Table 2. Results of the soil chemical analysis of the experimental field

Soil Texture EC )y pH( Sand Clay Loam oC K P N
(dS.m™) ) ) ) h )Ppm( )pPpm( h
Sandy loam 2.05 7.66 75 10 15 0.339 19.08 14.8 0.029

S 90 (28 9 e dw Job 4 olal S ( Sliies
alols aiud eolel (oye yio il &)S ,o Colue)
dig s alold ¢ yie lwY - ils slacass,
A B W51 g 09 e Ll oy (s,
ARE R Sgd> laelis aS ‘_,;:Lo) 09 &0 e o 4.:5.»
o g wad Jate ol ey 4 il Sy
Bt Dyponr acyie o lal Gyl oL
el Jols el Gls a5 Sley ol plxl
290 meba 5 loykad lnl sy b ol o8 Lo
giwﬁmg‘]kdc)bmuuu\ﬁgks)gj
L) o5 HLSs ajlesd (oled sl )L o 0 k!
N EWRFvow i ) ol a5l e el )3
b Gy pulS iSlas by b ol o5 L2 Jles!
wd) 5 4 ae)ie plalS aeys B0 S oley S
Jol5 205 al> o o laaig 5 b aslol oy
wh, Fa b gp aomte Lw by o
YIS bas Ll o Slos

5wl o ool oyl o S las 5l es 5 dia
Lo Soehnle Jlzws 585 59505 b gl o5
A (6 S eIl ‘l°)§ A ;,‘_‘!JL‘ULAJT)}MS

S i gid sl

Abgids 9D @ bl ol e i

IV aml (palS Al e o dg ST 6 S o5l (6l
A- U""‘"‘LS"‘"AS“\‘ l)obffj))usla)|r:)§
b diged b CHlgSy 9 0,5 oy ws o
30 590 Feee a0 b fauis il yo 4By Ve Sow @
ety yle pledl 3 a9 wal eols 1,8 adds
Jase glaces b a4y o)lac Q‘}&Ag‘sgylg Jole
S8 eolaiul 0j90 e b sl Ce g o

cdn glol 590 mhe aw Jols Gl sl les
ol Jule Glaie a4 59, Wa= VY g Wo= VY W=
(55 Gpan 9) alh Jald 5355 Lot
51 a8 Bo= Glomus iz 31 15,00lkgal 7,8
sl Ol )3 &ly by sl Hgld Conny o550
Pkl Gk w4 (@)
obgegdgw o Bis= (dzospirillum brasilense)
&SS90, oS Bs= (Pseudomonas fluorescens)
OledS bl jo #8ly adad Lty Rl <S55
Ay Cond a5 Bs= NPK oloanls 055 ¢ 0l as
5l oolel &ygods g 0 doy0 Yo g8 (pl j0 paie
2 =258 Oy il gl (55)5laS oK,
gl abesl cpl e el Al sl
5 olpl ol eS8 % 5l ( Thymus vulgaris) <y
Sz ol AYA0 oleasawl [0 ol ags lebol g
o5 S Sl i sloe 5o Loyl wWlti ey
sl g oladl HeuS cols S5 532lS slaylals
ol Al Cgzr e Slge g CansSeS cple Cuy
Sob ccmslin s dgd 5l G ol ciS oy
Jlgl e cws eSS gile ool g o
35 5l .8 F Suge WWAP Lo ol i)
LSe o p5eks Feojlade 4 15,550 (S
RRRN NP SN SUTN: S JE
ooUgegdgm (6,55 ol oolal g 7,8 Jbd el
2 adyy 0355 ssabst Sosoar weslysssl s
drog plolp &5 Ojgo (pa 28y Ba byl
Sl 5l a8 Ve jlade wanSadgs oS8
Wty o 5 05 S T 2 Ve Lo S
Nl jgabse Jeloo J3Io 0 a8 80 VO U &y o
355 (LS ;0 0, 55lS Ve ) ol plonil kS s
ool o yolie 5l plaS ja s a5) NPK olads
Voo lol pg JoilS Spgots (3 003 Ve 058
2ok ol ol g a5 oolisal JESa 3 oS5k



1) Vo gl oF 5,Lels DY 5,90 oyl pl 8l)5 (LS pole

(Analytika Jena ) s i olSiws 5l oolaiul
yogil Yoo g0 Jsb ;o 15008, Germany-2010
gels ool cdale aule gl 0l ol
(Krizek et al., o oslazs! Cm?mol® Y- - -
1998)

5 shud (jayie polis Mo i
Sy 5 iy

3l 2l A ey olie vy (6 Sojlul cpx
o Clwl w9 S gl jo a5 SlaS,
Oi9rws pare 6 pSojlal gz ol solanwl wiog
T8 9y Ol ey (JIST by, 5l S
5 (Chapman & Pratt, 1982) ,iegid o8 glaleis

gty i aul oS 3l (Olsen et al., 1954) jiu
A oolalwl YY o zge Job jo g

Wosls Juloxi g 4y joui

SAS )kl slal8l o 5 5l eolatul b lasols cules 5o
ey Sz 3 28,5 8 bl 4z 0550 (VO.4)
A oolaiwl Ve oV aseus Excel 1580 o 5 51 s loges

3 LSD ygejl 5l eolainl b 50 b nSlee anglis
A pll do s iy Jleis] e

o g @b

SIS sras Ll pw 8 Slos

as ol las (V) Jgu) Wools il ylg 430 guls
5 sy sBsS s 2l o8 G et (RSen
th ) )‘..\.lf 6LQA>Lw)M o)S.Lo.c » u;..u.o))..&
ol b sz e 0 o e doye SO Jleis]
o fles 51 Wi & Wi 5l ol o5 i zlaw
o &S jehiles Ll il als JlulS sleasls w
9 Lsa.u.o) ‘_QLQ\)?S )‘ oalaw! sé}i:‘sa oo lie \ Ji..u
aby bl oge b o U s pnd e
oS 5 ol o5 L5 ol zals o olS sy
SSles (pyide &Ssyobar Wb el ol
L NPK &39S )LN—’ 9 (6)":‘.’T )Lf SS gy Can)
30l eSS g LSe pl kS YoV 5 SKls
9 (6)l:~.’—‘ b <SS e, Y)W «5-’Tr°5 o5 e

Slazse Jsb jo b diged i Jlade ilgs 285
GrSoilul gl cus Sa gl FY. o £FH ¢ £PY
il oliws 3l ool b adgiig) IS g by a 8y IS
2010 Analytika Jena 1500S, Germany- zuiw
Ol F 6V Ly, 5l oolaal b e 0l plo!

(Ammon, ol aculre 35555,55 b @ L8g,ls

1967)
Chlorophylla= (19.3xA663-0.86xA645)V/100W (1)

Chlorophyll b= (19.3xA645-3. 6xA663)V/100W (Y)
Total Chlorophyll= Chlorophyll a+ Chlorophyll b (¥)

Carotenoids= 100 (A470)-3.27 (mg chl. a)-104(mg
chl. b)/227 (f)

u_,l.e}s J}l}t.o) ooy Blo J5l.>m > vV ‘C)T 5o as
slzae Jsb 10,8 iz A (et e 5l Jol>
alge p S
Crilmgiil oyl i
PS5 IV ke ol (bl (e Glonie gl
Jobe il ez L Bl o céb
O3 S e Jele 5 s S S Sl
Celn Y Goe @ J..ol> Jﬁl;m A el ==
AB83 Ve e e 5 20 IS e o
295 Jsloee b o yUlo adids po je0 VYoo e o
b bl gl g ol Jiie o K0 B 4y cdo
o Jolowe i g 85 )18 eolainl 090 i
(Mita et ol ilg> jiagil POV 4 OY+ zge Jsb
o sl omlbawgsl e colys o .al, 1997)
A duwlo O alayly 5l eolaiwl b o,lac
A=A530-(0/25A657) ()
POV 3 OV Glazge Job 10,95 wd A (] 0 a8
] yagils
SB P (3] o pamins
Sl e IV el wSgidl (e G sl
5 sl Jols sued Ul ide e o
Jo psbar (SO a4 AR S 4 SO0 S0l
aa8s ;0 ;00 YV e e ;0 4d 80 VO oo 4 g ouwlw
30 Ao Ve Do A g9y Joloee ol ey il
oals )l)_e u..:y.wlw 4> ,0 A Lng l.: ﬁ)f u_j r:Lo>

L dged (5,85 i lime (ol o 3l G g 0l



e oSy o Shae () e g (o) SO g (2NeS AT U 1)) Se g (oot 1Y

S8l als 53l (gl oS S osle g
) B0 Byae (Ramroud et al, 2017)
A Al gyl oS 5 o Sles ol o
4o (Sanchez et al., 2005; Fallahi et al., 2009)
J5 3 Shas it oS 0B Laiiie 6,503 ibsh
ol Cewsdy w985 b omal jo gldl gl
6y bawg JI olge xo> (Salehi er al, 2016)
e g Ay dawg R Cel (S s e
ol aSgyebay sl oal ol Lol 4 i

Fallah ef al., ) 55 oo 5 ,Slas al33l crge Layl
(2007

oS WY oSl b 15,500 6355 Lo
ol by o Sae oS el Cowods S
OB 4 o Ay & (Fwgd Slge olais]
s (Sreevalli et al,, 2001) ol oLS lso slo
A 0 Sas ad oS ol las i
I, agl gg)ls oS 5 oSlee o ly; cudb
sl Srals auo 0 VA e 4 vals e & Coud
e Sl yiiS 39 (Arazmjo et al., 2010)
99 DIz amL 0 el Sy mhw Lals
Sgdse Ls J.JLs = ML{ osz &5}"“*’5’3 M..Bj.]o
ol 89S Ll s 10 sriwgd sla 00,618 o

RWESREAR

Sl alass; QLS sl a4l o Shas (s 2 9 (St 0055 5 (2 0 G5 I il ly auie Y go
=0 gl oS 0 Bras  polie clile g (g
Table 3. Analysis of variance of effect of water deficit stress, bio and non -bio-fertilizers
on flowering branches yield, photosynthetic pigments and concentration of macro elements in Thyme
(Thymus vulgaris L.)

Mean square

Source of df Flowering Chlorophyll Chlorophyll Total Carotenoid  Anthocyanin  Flavonoid Nitrogen phosphorus  potassium
Variance Branches “a” “b” Chlorophyll N) P) X)
yield
Repetition(R ) 2 437 0.055™ 0.012™ 0.10" 0.00094™ 0.00043™ 0.0057" 0.039™ 0.11m™ 0.022"
Water deficit 2 333.05™ 18.017 2.19" 32.26™ 0.084 ™ 0.0011" 0.13" 0.23" 0.046™ 3.35m™
Stress( W)
Error a (R*A) 4 3.27 0.016 0.001 0.023 0.0001 0.000069 0.00053 0.015 0.00022 12.65
Fertilizers (B ) 4 38.12" 0.75" 0.19" 0.84™ 0.036 ™ 0.00036™ 0.40™ 0.12" 5.25" 4125
W*B 8 4330 0.10™ 0.11" 0.32" 0.00088™ 0.0033™ 0.00026™  0.105™ 0.16" 2.68™
Error b 24 6.37 0.013 0.005 0.019 0.001 0.00023 0.00031 0.020 0.067 1.61
C.V. (%) 1.32 3.42 6.74 3.05 11.16 14.20 1.12 13.44 9.22 8.82
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Figurel. Interaction effects of irrigation interval and fertilizers on flowering branches yield in Thymus
Ws= 17 (Irrigation interval). Bi= Contro, B,= Mycorrhizal vulgaris. W=7 (control), W>=12 and
(Glomus), Bs=Azospirillum, B4= Pseudomonas and B5= NPK
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Figure 2. Interaction effects of irrigation interval and fertilizers on chloropyhll a content in 7Thymus

vulgaris. Wi= T (control), W,=12 and W3= 17 (Irrigation interval). B;= Contro, B,= Mycorrhizal
(Glomus), B;=Azospirillum, B4= Pseudomonas and B5= NPK
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Figure 3. Interaction effects of irrigation interval and fertilizers on chloropyhll b content in Thymus
vulgaris. W=7 (control), W>=12 and W3= 17 (Irrigation interval). B;= Contro, B,= Mycorrhizal
(Glomus), Bs=Azospirillum, Bs= Pseudomonas and B5= NPK
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Figure 4. Interaction effects of irrigation interval and fertilizers on total chloropyhll content in Thymus
vulgaris. Wi= T (control), W,=12 and W3= 17 (Irrigation interval). B;= Contro, B,= Mycorrhizal
(Glomus), B;=Azospirillum, B4= Pseudomonas and B5= NPK
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Figure 5. Interaction effects of irrigation interval and fertilizers on anthocyanin content content in Thymus
vulgaris. W=7 (control), W>=12 and W3= 17 (Irrigation interval). B;= Contro, B,= Mycorrhizal
(Glomus), Bs;=Azospirillum, B4= Pseudomonas and B5= NPK
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Table 4. Means comparison of the effects of water deficit stress bio and non -bio-fertilizers
on carotenoids, flavonoids and potassium in Thyme (7Thymus vulgaris L.)

Treatment Carotenoid Flavonoid Potassium (K )
(W) Water Deficit Stress
W1=7 0.22¢ 1.48 ¢ 14.46a
W2=12 0.31b 1.58b 13.86a
W3=17 0.37a 1.67a 14.80a
Fertilizers (B)
B1= Control 0.36a 1.34¢ 11.66d
B2=Mycorrhizal(Glomus) 0.24c 1.42d 17.22a
B3=Azospirillum 0.23¢c 1.73b
brasilense 15.33b
B4=Pseudomonas 0.37a 1.85a 14.66b
fluorescens
B5=NPK 0.30b 1.53¢ 13.0¢c
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Means in each column followed by similar letter(s), are not significantly different at 5% probability level.
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Figure 6. Interaction effects of irrigation interval and fertilizers on nitrogen content content in Thymus

vulgaris. W=7 (control), W,=12 and W3= 17 (Irrigation interval). B;= Contro, B,= Mycorrhizal
(Glomus), Bs;=Azospirillum, Bs= Pseudomonas and B5= NPK
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Figure 7. Interaction effects of irrigation interval and fertilizers on phosphorus content content in 7/ymus

vulgaris. Wi= 7 (control), W,=12 and W3= 17 (Irrigation interval). B;= Contro, B,= Mycorrhizal
(Glomus), Bs=Azospirillum, B4s= Pseudomonas and B5= NPK
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