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Fig. 1- The changes of leaf area index (LAI) of two thyme species at different treatments, water stress (a), species (b) and
manure (C)
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3 sk i S I(NAR) Gl ¢ g Yaowans] Cas g
3 Lel s )3 b ixe /5 Jlass! o 45 cuilS” 5l o 59, 60
(3 Jgas) 95yl mime cilS 5 sy 120 590 30 (clajg,

33 o jl oS g (sl Cud b doyd 100) sals pdaw I
359560 1 NAR (30 oy yids g dol camdas ol b )b o)y
Lot ynas asb s cplas Sl e del camsasls 5l

by (il (Al (pspdlapnd s puo tashy G5 o (21581 ErsSo3ll slosg) (oolod > LAl (ysmoduase s pus 02



1398 liwsli 2 oylesds 10 wlr g 5y9LeS ol pos 4y pii (12

Slodsly bl g Sy o (Sl Sl 4 bgyo Ll oo olS
4SS Canl cpl Slpss ol Loy Judd o yoge bl Sy (g tuogis
s ccdlye g oS lsl glo & ase by Juad Lilol
by am Jole 4 cans el Gl e (g y9> pbads
olelS elayl (ol 8L )5 4 g col Jbygs 0 65V e
Coyo a5 Lagl jlal e alS LaS )y (s5ttugd
A65 ym D> FiwgB liae b (conditune dlaly (el guwdDosw]
395 s plascy GiaLS el oy 55 o ol
el il )5S oalS plu gg) 5 LSS Ui 51,5 NAR
(Kibe et al., 2006; Stone et al., 2001)

oinlajl 2)30 (slajless ales )3 (LWR)S 2 (359 Conmnnd
o il B JS5) ol 03,5 gy ilS LWR Jltis loj i8S Ly
(4 Joas) b e 75 Jleinl pdaw

&= B = Thymus vulgaris @t Thymus daenensis

0—2-5—100%FC @ ¥ = 7% FC

NAR (gr. m2 d'1)

L as s cel 50,8 by Jials 55 ob Sy paw 2dls o)
Gy 3 (Sagby ol (e (6B ne DplE e CusS
93 55 055 (Gl 5 US8) 1l 42l sgmg LS o pmodlasl
(3 Jga2) 225 Joina NAR (55, 2 5So3lul slajg) (poles
Ol Orpiin 9 39 D> (2l gl 65 & i |y 55V
o=l (oD JSs) ael cowsasils | w59, 60 3 NAR
Cmd |y 52 Sy g 53l (2> iyl 655 5 Salef]
5t 7S S Wl g9se nl 5 39 b (Bl gl 655 4
Las NAR (g9, p (ol 35 il puiored ail 4565 ] ;o NAR
Ot gy a3 5 03,5 Jbgiae <l Sl ey 55,90 530
(B Jsiz) ctls sy 95 365 3,08 pus g 28 28 Ll
(5w il B JS_3) caal 03,5 gy Linls NAR o ke
2 odd adle el s s ool jlade saimd i NAR 50

v ORI UNAR 2als sl e olej sy 55 55y el 2oy

33% FC

S,

2

-
th
1

60 90 120

days after emergence

30

@ @ == 30 ton.ha-1

= 2
=l
= 1.5
5 1
&
Z‘- 0.5
o
30 60 20 120
days after emergence
P N O MANULrE
2.5 1
= 2
=]
= 1.5 A
B
=
= 0.5
0

45

75

105 135

days after emergence

5013 395 T g 9 () W55 (W) (outngl 65 93 (Fugb ) (T Aites (gl ylos 53 (NAR) (Il (ygus o] Cos s Ol s igy =5 S

(z)

Fig. 5- The changes of Net Assimilation Rate (NAR) of two thymus species at different treatments, water stress (a), species (b)
and manure (c)
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Table 3-Analysis of variance (means of squares) for the NAR in this study of two thymus species affected as
water stress and manure
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Fig. 6- The changes of leaf weight ratio (LWR) of two thymus species at different treatments, water stress (a), species (b),
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“and ™ Significant at the 5% and 1% probability levels and ns: Non- Significant, respectively.
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Introduction

Environmental stress is one of the main factors limiting the growth and production of crops in the world. In
general, water is one of the most effective factors on a total dry matter (TDM) and water stress on plants can
reduce the crop growth rate (CGR), relative growth rate (RGR), leaf area index (LAI) and total dry matter
(TDM). One of the most accurate ways to study the responses of plants to environmental condition is evaluation
of growth indices. Sanchez-Rodrigo et al. (2010) reported that in water stress condition that reduced moisture for
plants, manure might help plants to maintain their moisture content, provide water for plant and is effective in
reducing the negative effects of water stress. Due to the water stress influences on plant growth, measurement of
TDM of medicinal herbs like thyme is of vital importance to evaluate the effect of water stress on plans. The
quality of medicinal plants is largely determined by the relevant natural compounds (secondary metabolites) and
the quantity and quality of these compounds are determined by environmental factors such as water availability.
In general, water reduction in plant tissues reduces the growth of different parts of the plant like the roots and
aerial organs of the plant. In this regard, Sharafzadeh & Zare (2011) reported that drought stress reduces dry
weight and height of Thymus vulgaris. Given that the large parts of Iran’s lands are situated in the arid and semi-
arid regions. Therefore evaluating the effect of drought stress on qualitative and quantitative changes in
medicinal plant species of thyme is important.This study aimed at examining the effects of water stress and
manure on some the growth indices and TDM of Thymus daenensis and Thymus vulgaris.

Materials and methods

In order to evaluate the effect of water stress and manure on some of the growth indices and accumulation of
total dry matter of Thymus daenensis and Thymus vulgaris an experiment was conducted as factorial based on a
randomized complete block design (RCBD) with three replications in the Agriculture research field of the
University of Birjand, located at latitude 53" 32N, longitude 13:55'E and altitude 1480 m above sea level in
2015. Experimental factors were including water stress (100%, 67% and 33% of field capacity), two species of
thyme (Thymus vulgaris L. and Thymus daenensis Celak.) and manure at two levels (30 tons.ha™ and No
manure).

Results and discussion

The results showed that water stress reduced traits such as LAI, CGR, NAR, SLA, LWR and TDM and only
non-significant effect on RGR. In all traits the highest and lowest amount obtained from 100% FC (normal
condition) and 33% FC (The highest level of water stress) respectively. The higher LAI, CGR, RGR, NAR, and
SLA in the normal condition (100% FC) might be due to better availability to water and food and the result of
efforts to expand the plant canopy. TDM decreased 26.56 percent with increasing stress from 100 to 33% field
capacity. Manure treatment had a positive impact on growth indices and the highest the and lowest amount of
growth indices and TDM obtained from of 30 ton.ha™* manure. So the application of manure to the soil in water
shortage conditions is recommended to achieve the highest TDM.

1, 2, 3 and 4- PhD of Agronomy, Professor, Assis. Prof and Assoc. Prof. of Agronomy and Plant Breed. University of
Birjand, Birjand, Iran, respectively.

(*- Corresponding Author Email: mabehdani@birjand.ac.ir)

D0i:10.22067/jag.v11i2.63227




T2L s 55 Sis (339 o 9 5okidy Sl aSLE 3 oold 395 05 3 (g y i

Conclusions

In the current study, the highest TDM obtained from 30 ton.ha™ manure that having a significant difference
with the situation where no manure. The TDM and growth indices increased after the soil physical properties
were modified and nutrient available for thyme in the manure treatment. In between the two species, Thymus
daenensis showed the highest growth indices (With the exception of LWR) compared to the Thymus vulgaris.
Therefore, we can say that Thymus daenensis can introduce superior species when exposed to water stress.

Keywords: Crop growth rate (CGR), Leaf area index (LAI), Relative growth rate (RGR)



