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Table 1- Physical and chemical properties of the soil

Cu Fe Mn Zn K P P.W.P F.C N TNV OC .
() e mys pH  EC SK cal
(mg.kg™) ]9 2y % (1:5)  dSm®  (soil texture)
(by Weight %)
e (o) (o8
109 328 7.66 058 296 13.8 9.07 2451 0082 305 0702 777 0740  Siltyclay)

(loam
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Table 2- Physical and chemical properties of manure at the start of trial

Cu Mn Fe Zn Moisture TNV O.C Mg Ca Na KyO Py0s N EC H
(mg kg™) % dsm? P
19.48 109.57 324.09 80.39 35.90 175 4951 0.79 198 349 0.983 0.392 1.029 9.280 8.30
olesl gl (b 3y s 0! cwrlinilgr ol - Jgun
Table 3- Meteorological statistics of Shahrekord station during the test
(mm) Sa,b (%) cagby cmibao (°C) &yl any> Jolas (°C) & yly> an > Slas Jw sl
Rainfall Mean humidity Minimum temperature Maximum temperature Months of the year
41.9 8.6 -6.4 24.5 April
16.4 13.6 -0.7 27.2 May
0 223 33 30 June
0 232 8.6 35.8 July
0 23.1 9 37 August
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Refrence: Meteorological Administration Chaharmahal & Bakhtiari
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2- Index water content

3- Relative water protective
4- Water saturation deficit

5- Relative water content

6- Cell membrane stability

7- Moisture retention capacity
8- Relative water loss

&l 9 irsltS Clisis S 5ol ladal 0395 cond ol Hdy
9 i dd Oldas ol (39,8 3ol )3 5 s el (b
CdlS @) g O 0 S bl (B ey jg0h clS
ML Ve ) (s9) g o alold g o ) e olo Ve alold o,
99 CutS b a8 )T s e VO X F oS b ol g e Sl
A5 plosl yia Blo 93 B Sy Bos )3 Ay 9 (55> &gy
5 S clasude 5l odlitul Uy coled o s o o6l
O 9 O (OMAD) Jgodl e ST iy s (1) a9 ol
OM S5 b S e (xS ojluil il slajs) (b S cusb,
L ady) Gos 4 4295 b SB O 5905 OmaD & SB cugb,
T g (F) ey 1 o3l b g 0 (1) ey S ol
Bahmeh et al., ) 15,5 o (aseiie 3ald jled gly jlo 5)se

(2015
Omap = Orc — (Bkc - Bpup) X MAD )
d= (B¢ - Os0it) X D (v)
V=dxAx1000 (v)

Lop) deyie (o) Cub )b (e Cush) Brc (358 kg,

(o> 22y3) @il (53,03 Aol (code> Cuglo) Bpap o>
S (1oy) jbre 4055 oy MAD Sk Loz Cugb, Do
D (M) Gl 29108 Gos o0 s aB)S Jai 370+ Lok cul
5 () Sl 2y90 Sl oo V(M) Jlai )50 olS 4y e Gos
Lo bl Lajles plo o 5l aisb e (M?) &8 coliuw A
S odaal Ly 13,8 e (5 Aoy 4y a5 b g ol Lo ]
sk o)y 3,5 Lol & a4y 5l 0590 Ol o 58
A Jlesl (Sp A alsyo yd g lnasals il 5 e (o (0)
O ol ¢ (LWEC) S o (e oy JolS (23S dls yo

1- Leaf water content



YE++ by € 0 lond VA ala (ol ) (£y5 Syl o puis  YFF

(2015

EC= (EC//EC;)x 100 (WY)
SAS ver l5ls 5 5l eolasil b aedls il yls 4550 coles 5o

3 oslawl U Lo pnSle dwslio (g)ly xe Bgypn (yuxs 9 9.4

Jleis! adass ;> LSD (903! (wlwly MSTAT-C ver 13 15815

W plol do s

las sl ord B ¥ Jgaz > (talofl uilyly 4500 ol
Sl ogaS 1395 5 o)l ) S 45 w0 Lt s Jgi>
5 (RWC) Sy i & e (WSD) glusl clls & s
oy 2y90 slasles blate 5l gy 4l sz (CMS) slie g)lub
059 4o s Ol ol (LWC) Sy Ol e dopd p 3
by bas cud b (RWP) Sy ouds bis I (IWC) S
Sis odle 3, Slas g (RWL) aidy cawd jl ows o (MRC)
A, xe (DMY)

Wf—Wz

MRC= x 100 (1)

wq

2 09l 2 585 518 5y S S (g9 Wy lag] o o8

Sy gladl 59 Wi el FA @t 4y 3,8 Sl a2 Ve (glod
Sy 5 039 Wi ohie Ol ) celo YF Gdo a 33,5 )15 5
SuS G 9 SOk slp cele cas e Gapleit g
IS Ao )3 50 sl b (i (e jolatedr ABL e
S 53 g 4 M slaadlipu I Gl (S K905 i ¢ JolS
o8tlojl 4 laiges Jiml 51 any b 030 )8 o 59y 2 Jloe
I L i 5 w5 ad Sy 5l oladiges b jl ookl b
Veog At edd (Sgaedd slapSILE (19,0 i L pade
V¥ cas an Lo oSILe a5 aslsl oyl 4 ylade Ol il Lo
Jodoee S5 S colin day 5oy i 03l 1,8 6L celu
Winlab Data Ji o) , e EC oK jl eslarwl Ly (ECy)
oM 951 )3 oy gSIB yuonnw 9 8,3 Lol 9S8l (Windaus
o 58,5 518 aa By Ve S 4y 05 Bl 42 0 WYV/D led jo
e cales 3 (ECy) w5 81,3 EC Irasee ba Jsloee (s 3y 5|
Bahmeh et al., ) 1535 4wl (V) alayl) jlsLie o )ll

g 0l (S 1 Caoglilo Sy 919 38 (S ad LS (A1 2 o2 290 Ll ST il ylg @500 S -€ Jgu
Table 4- Results of variance analysis of the effect of evaluated treatments on some drought resistance physiological indices of
Moldavian balm
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(IWC) (WSD) (MRC)  (RWL) yield)
Sok 2 1204 620019™ 917"  219™ 219™  2.01™ 9.17™  167™ 2.29™
(Block) :
ikl el 2 819 5602827 2150™ 5654 56547 171.8” 2150™ 1508 37258.80"
(Irrigation regime) '
a sl 4 5.81 1183.75 18.76 0.24 0.26 7.62 18.76 8.17 22.25
(Error a)
> 5 11.65°  1493.15™ 4950° 113.727 113.727 33977 49500 30217 25358.30"
(Fertilizer)
_ ?9§ * d_ﬂﬁ‘ P 10 10.47" 3301.37° 3094 3.12™ 312™ 570™ 3094 12517  605.58"
(Irrigation regimex Fertilizer)
b sl 30 4.36 1123.30 13.46 4.15 4.15 1005  13.46 3.81 21.97
(Error b)
Syt ey 2.8 135 4.2 47 3.6 6.4 43 211 1.7
CV (%)
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# NS

" ***: not-significant, significant at 5 and 1 percent level of probability, respectively.
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Figure 1- Mean comparisons of the evaluated treatments interaction on the percentage of leaf water content
Means having the same letter have no statistically significant difference at 5% probability level based on LSD test.
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Table 5- Mean comparisons of the effect of different irrigation regimes on some drought resistance physiological indices of
Moldavian balm

Josi Sl &) Comsd O 39208 (7) S 52 & (o 50 (mp.em) <Lié (g,
Treatment (WSD) (%) gt (RWC) (CMS)
Bl 41.35°¢ 58.64° 52.89°

Full Irrigation
oA S 7ve 43.74" 56.25" 48.22"
75% Full Irrigation
A Sl 70 44.81° 55.18" 47.06°

50% Full Irrigation

2l o 70 Jloinl gaw 13 LSD 905l Lol ys 55 ixe o9l dg pas simd yLis giw p 40 S yide g
Same letters in each column represent no significant difference at 5% probability level based on LSD test.
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Table 6- Mean comparison of some drought resistance physiological indices of Moldavian balm under the effect of different

fertilizer treatments

Sow () gl o &y Comud T 39008 (1) S 3 O oo O30 (mp.cm) sLig g,lub
Treatment (WSD) (RWO) (CMS)
25 8 Ae) dals
55 e pac) 2 48.22° 51.77¢ 4352°
Control (no fertilizer)
o2 YO+ 09l 355 YO, 40.60° 59.39% 50.34°
25% urea + 75% manure
ol 207+ 09l 355 0+, 41.88° 58.11° 49.85°
50% urea + 50% manure
ol YA+ gl 395 VO, 44.55" 55.44° 47.82°
75% urea + 25% manure
0)5‘ 395 Ve 'X b c c
45.89 54.10 44.27
100% urea
oV 38.67° 61.32° 60.55°

100% manure

2l o /0 Jloin] gaw y3 LSD (905 Loluslys 55 xe ©oglis 39 g pas oimd yLis giw p 40 S yide Lg
Same letters in each column represent no significant difference at 5% probability level based on LSD test.
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Table 7- Correlation coefficients of the studied traits under the effect of evaluated treatments
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Olho - ) & Comnd _ . A Comnd ) v Los - odle
Traits Spol . S v R P sl . 4By Cuwd B
(LWC) 0¥ Rgwp) & > CMs) P (RWL) S
(IWC) (WSD) (RWC) (MRC) (DMY)
Leaf water content
Index water content
Sy o baas
Relative water -0.18™ -0.37™ 1
protective
bl el &) Cons Of dg0a8 0.13™ 0.07™ 0.36"™ 1
Water saturation deficit ' ' '
Sl e e -0.13" 007™ 036" e 1
Relative water content
i ‘ *k *ok
L olul . -0.09™ -0.03™ 0.16™ -0.91 0.91 1
Cell membrane stability
Cogby bais o8l .
Moisture retention -0.18™ -0.37™ 1 -0.36"™ 0.36™ 0.16™ 1
capacity
8y a3 el -0.002™ 0.12™ 021" 0.89™ 08" 087" 021" 1
Relative water loss
e oola 3,5kee 021" 0.24"™ 0.15™ 051" 051" 030™  0.15™ 055" 1
Dry matter yield

L (oold 70+ +oy9l 365 70+ Hlos 4 bgsye Jlaie oy 5 i a5 5l
TV +oygl 555 VO Jlos & bgsyo i oS g JolS o 5l

o) 90 Jleisl waw 3 )l dne ol giae pé a5 "

Ms ***: Not-significant, significant at 5 and 1 percent level of probability, respectively.
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Figure 2- Mean comparisons of the evaluated treatments interaction on the amount of water to the dry weight
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Figure 4- Mean comparisons of the evaluated treatments interaction on moisture retention capacity
Means having the same letter have no statistically significant difference at 5% level based on LSD test
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Figure 5- Mean comparisons of the evaluated treatments interaction on relative water loss.
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Figure 6- Mean comparisons of the evaluated treatments interaction on Dry matter yield.
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Introduction

Water deficit is one of the factors limiting the growth of plants in the world and is the most common
environmental stress. Several studies show decreasing in growth, yield and plant death as a result of unfavorable
water or water stress conditions. Management of nutrients consumption along with water consumption
management influences the quantitative and qualitative yield of crops and medicinal plants. Although, chemical
fertilizers provide plant nutrients for the plants faster and more effective, but to increase the quality of products,
especially the medicinal and aromatic plants, the use of organic fertilizers is better than chemical fertilizers.
Organic fertilizers cause decreasing in bulk density and increasing water retention in the soil. Manure is one of
the organic fertilizer sources which its application is conventional in the sustainable management system of soil.
Organic fertilizers, especially manures compare with chemical fertilizers having large amounts of organic
materials and counted as a rich source of nutrients especially nitrogen, phosphorus and potassium which provide
these elements over the time for the plants.

Materials and Methods

A split plot experiment was carried out in a randomized complete block design with three replications at the
research farm of Shahrekord University. Main factor was three levels of irrigation regimes including: full
irrigation (control), 75% and 50% of full irrigation while six levels of manure application including: 1) no
amended fertilizer (control), 2) 25% urea + 75% manure 3) 50% urea + 50% manure 4) 75% urea + 25% manure
5) 100% urea and 6) 100% manure, were used as subplot. Water need of the other treatments was considered
based on the water demand of control. Using the counter, the volume of required water was added to each plot.
The period between two irrigations was determined using meteorological data and determining daily water
requirement and the moisture regimes (water stress) was applied after the establishment of seedlings at eight leaf
stage. Then at full flowering stage, the percentage of leaf water content (LWC), the amount of water to the dry
weight (IWC), leaf water-retaining (RWP), water scarcity index of saturation (saturation deficit) (WSD), leaf
relative water content (RWC), membrane stability (CMS), moisture retention capacity (MRC), relative water
loss (RWL) and dry matter yield (DMY) were studied.

Results and Discussion

The results showed that the effect of irrigation regime on IWC, WSD, RWC, CMS and RWL was significant.
The maximum IWC, RWC, CMS and RWL and the minimum WSD was observed in full water demand and
50% full irrigation treatments, respectively. Different fertilizer levels also showed significant effect on LWC,
RWP, WSD, RWC, CMS, MRC, RWL and DMY. The interaction effect between irrigation regime and fertilizer
was also significant on IWC, LWC, RWP, MRC, RWL and DMY. In general, in order to maintain the moisture
balance of plant, application of 50% urea + 50% manure with supply of full water demand was recommended.

Conclusion

Based on the results obtained at this experiment, it can be said that the complete water requirement caused
increases in IWC, RWC, CMS, RWL and DMY, while the WSD was decreased. Moreover, application of 50%

1- Graduate Student of Agronomy, Shahrekord University, Shahrekord, Iran
2- Department of Agronomy, Shahrekord University, Shahrekord, Iran

3- Department of Water Engineering, Shahrekord University, Shahrekord, Iran
(*- Corresponding Author Email: ar_danesh2000@yahoo.com)

DOI: 10.22067/jcesc.2021.67255.0



mailto:ar_danesh2000@yahoo.com
https://dx.doi.org/10.22067/jcesc.2021.67255.0

YEo v plimo € oylowd VA ala oyl pal (£ly5 iy 4 puis  YOA

urea + 50% manure could increase LWC, RWP, MRC, RWL, IWC and DMY, reflecting the positive effect of
fertilizers combined application. In total, according to the results of this research, in order to maintain the
moisture balance of the plant, the combined application of manure and chemical fertilizers for 50% urea + 50%
manure and supply of full water demand is recommended.
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