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Avrticle Info ABSTRACT
Article type: Background and Obijectives: Ajowan is one of the important
Research Full Paper medicinal plants of the Apiaceae family, that essential oil is used in
the pharmaceutical and cosmetic industries. Soil salinity is
considered as one of the most important factors limiting the growth
of agricultural plants due to the prevention of the absorption of water
o and nutrients into the plant. Using biofertilizers with plant-growth-
QEEZ}'VZQ-'ZFS%‘. 6.1 promoting bacteria is one of the most effective ways to reduce the
Accepted: 2023-9-26 toxic effects caused by high salinity in plant growth. Therefore, this
study was conducted with the aim of investigating the effect of
different planting dates and biofertilizers on seed yield and
agronomic indicators of Ajowan medicinal plant under salt stress.

Keywords: Materials and Methods: In order to investigate the effect of
Salinity stress biofertilizers on seed yield and vegetative parameters of Ajowan
Emergence percentage medicinal plant in the climatic conditions of Kashmar, two separate
'SAJOW"‘T‘ experiments were conducted in the field and greenhouse conditions of
eed yield . . : .

Biofertilizers Kashmar Research Center. A field experiment in the form of a split plot

design using two factors, the first factor included planting date in two
levels (March 26, April 27), the second factor included biological
fertilizer in eight levels (1) Control 2) Azotobarvarl 3) Phosphate
barvar2 4) Petabarvar2 5) Azotobarvarl + Phosphatebarvar? 6)
Azotobarvarl+ Petabarvar2 7) Phosphatebarvar2 + Petabarvar2 8)
Azotobarvarl+ Phosphatebarvar2 + Petabarvar2). The second
experiment was conducted as a factorial in a completely randomized
design in the greenhouse. The investigated factors included biofertilizer
at 8 levels (1) Control 2) Azotobarvarl 3) Phosphate barvar2 4)
Petabarvar2 5) Azotobarvarl + Phosphatebarvar2 6) Azotobarvarl+
Petabarvar2 7) Phosphatebarvar2+ Petabarvar2 8) Azotobarvarl +
Phosphatebarvar2 + Petabarvar2), and salinity stress at three levels (zero,
4 and 8 dS/m).

Results: The results indicated that salinity stress significantly
reduced the traits of germination percentage, root length, seedling
length. The use of biological fertilizers in combination had the best
effect on these traits compared to the control. Also, in the treatment

ay



of no application of biofertilizer and in the condition of salinity stress
of 8 dS/m, the above traits had the lowest values. Also, the combined
treatment of Azotobarvarl + Phosphatebarvar2 + Petabarvar2 could
significantly improve the crop yield and plant height. The studies
showed that the best planting date for plant height, number of sub-
branches, number of flowers, thousand grain weight and grain yields
was obtained on the planting date of March 26 compared to April 27.

Conclusion: In general, it can be stated that the use of combined
biofertilizers including Azotobarvarl + Phosphatebarvar2 +
Petabarvar2 moderated the destructive effects of salinity stress by
increasing the seedling emergence, seedling length, and
establishment of the Ajowan plant, and also it was able to increase
the seed yield at the appropriate planting date.

Cite this article: Esmati, M., Moradian, Z., Rezaei, A.H., Piri, R. 2023. Investigating the effect of
planting date and biofertilizers on the yield and agronomic characteristics of Ajowan (Carum
copticum L.) plants under salt stress. Crop Production Journal, 16 (4), 93-112.
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Table 1- Physicochemical characteristics of soil in the 30 cm layer of the soil surface

G s | osa
(e 2 imzs) ) s by i
E'gc”'_c&!' Organic Total P potassium Phosphorus | =% < ) St cawails
con UCtl\lllty carbon | nitrogen Soil . )
@d@s.m™) (%) (%) texture Soil aggregation (%)
P RS oS e
(mg.Kg™)
2.2 0.25 0.35 8.1 K o L -
172 6.4 Sandy | Sand | Silt | Clay
loam 38% | 46% 16%
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Table 2- The results of variance analysis of the effect of salinity stress and biofertilizers on the agronomic indices of
the Ajowan plants in greenhouse conditions

St b EEBRE Sl :SSkes
S.0.vV df Mean squares
B e b2 s di S I
Seedling emergence Root length Seedling length
percentage
S 2 335.51%+ 94.71%* 86**
salinity stress
> 7 689.27** 51.39%* 54.77%*
fertilizer
o e 14 71.45%* 1.56%* 2.58%*
salinity stressx fertilizer
2ol gl
e 72 42.94 1 76
error
(D) @S oo
- 8.98 16.55 13.53

Coefficient of variation (%)

.MJJO&.)M)J\joJL&J:?.C)baﬂ)id).iwj6).Jw(&g¢§jd€ﬁéﬁéjﬁé

ns

ns, * and ** indicate non-significance and significance at 5% and 1% probability levels, respectively.
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Figure 1. The interaction effect of salinity stress and biofertilizers on the trait of the seedling emergence percentage of
Ajowan under greenhouse conditions,,, 1) Control 2) Azotobarvarl 3) Phosphate barvar2 4) Petabarvar2 5)
Azotobarvarl + Phosphatebarvar2 6) Azotobarvarl + Petabarvar2 7) Phosphatebarvar2 + Petabarvar2 8)

Azotobarvarl + Phosphatebarvar2 + Petabarvar2.

Sl e DLl Lo (pl e e w3 A
il slas S duy e b4 (Y S il
5Nl s e (V) L)
e i bl e SISl Lol
ol ety Gl e amals ;S
ORI e 5 (e e GRSy s
5 S S a3 S e it e paad 5
3l Do Sl oMo s slansS o
S 5D o ool ol o 055 sl
S e lse 5 5 Sl Lol 5L 550 B e
5 ik ol Gladoul 2 5 poman 5 olS A2,
st ddy s an g e S B 6L
3 Sz e S5 53 (1) 55l e gl el
Cds Gaalislas sl o158 (YY) il
6J5LLc_ibﬁ\)> LS by ol ole
S 5ty sy I e e s s
s LAl eysa s 25 gLa)l
Ll 6L b g ok A5 slad 5505 SLe

(RS

oty 4z Jsdr 5l ol il ety Job
3Gt 5 s slas S esle SIS sl Ol
ko Gogn S 5 e sa3S Jlie Sl 5
S I3 e Ao 13 Jlaz| T o3 4k, Job
DLt 358 ol 1 oKl alie gl (Y Jsis)
Aoaobgl 58 aw S 5 s adsy dsb o SYL sl
355 S 5 el s Yk wlind 5 Yoslly
S35 =S5 emen 5 Y ok by ) Dbl
5 S 15 e w53 Y sl 5 Yk wlind
A3 ealy (5ls e sl (oLl Bl 4
sls LS g s S el ol wﬁ»b aslis
Jsb (p eSS 5 Sosd pde 5o 4y sk 0 SV
.miw:gﬁﬁij:/\ Sos )3 domdls
5 il glas s olie Sl anslis =W
sl o i a8 0l QLS iy Jsb 5o 58 A5
Vool g8 S5 5 (e Sl VV/Y0) iy
OF (eSS 5 ol oz Y5l 5 Yook wilinsd
O 5 e 35S 2,8 pde o (e 5l Y/0)



V€Y & D)Loa:} Ak 8,9 c‘;ﬂ)} ‘_,L&:Lf .»J,S

Ly acia) dsb gl o ool lzd LSS 50 2T

.J)}TL;G VA\P

[
N
|

a 210
75 f-h
35 -
Ye 6 i
Y o

¥ :f:g

2 f:f? :f:’

o LBZ 1%

1 2 3

BE (\O) JJ\.S C,_:L:Ua.a 4_7-4..;‘..1) J‘)Ja Cao L: 4.]:.:‘)
W5 LS s ey slassS ‘_sfv\f-svﬁlu Sleale

s el s LL;“LS SO ey 98 O sla sl 5l 4

| a b a
bc =
8 -h
817 9i %
& ; ] ::?
Egg g E;g
i 7
y il v
% 1% 2|2
4 5 6 7 8
Sless
Treatment

(8 Yo,k alind (7 VL5l (F aala (Vb Lasl 3 53 Ol adas Jsb oo 2 s Gl S 5 058 55 blie 1Y IS

Yoaobly +Y50b lacd +Y 5 L5l A Y 5,Lks +Y 55,k wlaes (V Y500k +) 5 5,L 55t (VYL lacs +) 5 5,L 551 (0 Y, Ly

Figure 2. The interaction of salinity stress and biofertilizers on Ajowan the root length trait of under greenhouse
conditions,,, 1) Control 2) Azotobarvarl 3) Phosphate barvar2 4) Petabarvar2 5) Azotobarvarl + Phosphatebarvar2 6)
Azotobarvar 1 + Petabarvar2 7) Phosphatebarvar2 + Petabarvar2 8) Azotobarvarl + Phosphatebarvar2 + Petabarvar2

sskilen (7 JS8) el sty 2o e s A
sdsS ) ) sl Sl eslinul Ws a5 i &S
oo (Clind sues =) Y,l 5 (035,20 (s
LT b e S gaS o5 355 L Gl
IR e e 534S s e LI
5 e =) Lad e 5 S
S g odd o glo s el s (bl yda s S
e 4SS A G e e b ol
O gl oS 53 O o 5 (S34il Ao ss il
L 5 sl (St Dol W e 33 8 e
ol Jsb 5 Sl s (Gl Ao
o lad Ssas Sle ag 2 5 sk L aS 5l
0N 33,8 o el i 55550 555 e 9201
30500 ) S LY 5 50k s slassS
231 5la s sdhe slpe (Dlind CB o
s JLES) 5l s a8 das e 13 (50l olS L

VoY

Lol 4 sl 5l Jols i iamalS dgb
3 Sops 5 iy S eale e sl Ol
= Gost S s glas S Bl I 5
oS el e 3w mealS U b s
A oSl aslis Els (Y Jsdz) 55 ls e
=S5 amealS sk 0 SV sl 0L 5 S el
Vool aland 5 Y5500 O el sl 55S e
Yol b 5 Vbl o8 oS 5 el Csa
3 Vosbly 5 Yol €lansd (6355 oS 5 romen
ol olel Bl a5 s S5 ey 45
A oSl amlis ol AL ool (gl sne
oS sl QLS amealS Jpb o il glas S
S 5 03 (Bl VOIVO) amal S I b (o 2t
el 5 Yosobly 5 Yol lad 55050 6358
1/0) QIJ"J_?VJJ Aol s Gog—s i

Gos—b 5 5 S 35S 2558 e 53 (2o ol



OlSed g doas s | g ; GB35 9 CulS &)U 51 (w5

Sols IBL

(o (FL) amalS I b

Seedling length (cm)
=
o

o N A~ OO

| azalS sk 2l Sseler dnlb ps,8 Lok

-l

"1

b-
7
?
%
%
%
%
7
%

5

Treatment

Yool 61 07 V55l (¥ aala() bl Tl s 05 amalS Jsb Gy iy 135S 5 555 55 Bl - IS

Yoaobly Y, 5L alaed +1 5 5L 5550 (A Y bk +Y 5 5,b lacd (V Y, 5,0k +) 5 55L 551 (VYL lacs +) 555k 551 (0 Y50 (¢

Figure 3. The mutual effect of salinity stress and biofertilizers on seedling length trait of Ajowan under greenhouse
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Figure 4. The interaction effect of planting date and biofertilizers on the traits of plant height Ajowan in field
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Table 3- The results of variance analysis of the effect of planting date and biofertilizers on the agronomic indices
of Ajowan plants
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Figure 6. The interaction effect of planting date and biofertilizers on the trait of the number of Ajowan in field
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Figure 7. The interaction effect of planting date and biofertilizers on Thousand-seed weight of Ajowan under field
conditions,,, 1) Control 2) Azotobarvarl 3) Phosphate barvar2 4) Petabarvar2 5) Azotobarvarl + Phosphatebarvar 2
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Figure 8. The interaction effect of planting date and biofertilizers on Ajowan grain yield in field conditions,,, 1)
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