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Table 1. Meteorological properties of Mashhad during the study period
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6.81 4.21 9.85 15.52 23.13 29.74 32.49

61.31 67.21 70.82 48.61 43.50 21.48 23.25

28.67 23.84 14.59 7.41 531

Lo Ja.mg.a.o(o C)
Mean temperature (°C)

23.59 30.64 52.10 57.58 62.25

e Cugh (%)
Relative humidity (%0)
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Table 2. Analysis of variance of the visual and biochemical indices measured for chilling tolerance in the
autumn season in Mashhad
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*, ** indicate significance at P < 0.05, 0.01, respectively, ns, not significant

YA e Folods cpao,lgz 0,98 e pole aslilad

Yy



O 5 phagine Samg wg

Ul 728 50 9 55,5 53U g esls (Lt s> 5l
S5 T o alse plail g wsdlai | Lojes Jas
L oS BISL g 5 ol G —d 5 28 o
A4 S ebar (0 o) wsly i ul Ceas
Slain e 5 For sleasss )
2 e pb Gl G Lo glaan 5 (22 o5 8

Sordgn sl psls
@l )0 bt gm slo el 2SOk
Cew ol ooly las O Jeuz jo liws) (lo s
e aladisS o LT I e glis 51 Sl a8
(ST Codled olie Gyt 092l
on s JeBelS oiome

Festuca arundinacea ol - _ .5 .ol ol a5

°9 > 4 f‘)Q

e Lot ol Wi d g Y 89 15 5o
o mlis cpl sl s 1y oYL g
95 Loy 4 Cod a3 nl YL Joo Sl
ax Shcnl Jmad nl jo Sl 5,90 CudsS Lad>

oanlin » ).\.; Lc).w ))l o Q..\.w Sy) p.‘s)l.c )lgau

yl..g C’AABLE.A }¢5 ‘5»._.»934).‘..C Lglbw}.’ CyaR )y

gsf’.l".f""':?’:‘ G (_gl.m ua>Lw )‘ L5J5'7§ J.;LB C?Ja"“ 9
Gsime 61,1s lalS ol LSan wols olas |,
sjj.) &_11 L5'f'_“~3 65.3.7:.4) 9 JS J».B ‘J¢55Jl§
JS J..a.S LS'Q'";"-"_:" oL.;.f (A J5A>) J.L)&.f ‘Sing
‘5.:._.».3 6519:.0 ‘L5§J'~‘ Azl 9 Gs‘Jila T2 9 YL;
‘) ng.lja.a LS';“'\’?—“‘S‘LS:'J.T M,».JL:LS 9 aj)g A_i“—
Sl giybepd jo a4 ndsS lalls Ladsls ol
o ‘55.‘5.0 ra‘d..;‘ 9 KSR ‘) 4.5L;_~m.4} 6L.a)_w
las y85 (65,5 podms A, .Cd, s 51 (A5 Lyl
s+ (599 LI..:.......S \))Sl.o..c Lsg).a.clo\b Lol 0y dﬁ}.ﬁo

& b g sba Ll
@ el 5o olberdsn sloaxll .5l
5 S 4 sus ools Las ¥ Jsaz 4o sl sle
O i oLS 0 e loaisS o ST o xe glis
5 Jed kS sgime g SlaruS] T codlad polis
5 Festuca arundinacea .ols L_is 1, auigis,lS
IS 8 5 o Jbo IS jlade oyt o] G gt 3
ol YL oo ke (oo @l cnl ol 59,
J89,5 sgizme syl ol pul (Ken adsle oylis
o g o oYL S p Of (e sgime g
s> 4 1) odon oo Ol (YL e
Sl pg> 4 SR g s ol el_aisl
bl gglhe (LS e aS plplis g cé L
3 @9 Sl peps 2 4 S5 sl tn e
GiS 5Ly Al o e e ax i wilgs o |y
5 axd; sl olee plasl s 50,8 9 (Sedum acre)
ol ol a8 Waile Wl aBsb s 35> g slaails>
ol pls as am Jlo L 5o sl sose 0y e
S u.o..b\ Lyl, & 0, QL“L.: ol Qlj_':.‘; KV
S5 (oaepd ol il w diien alS
ol d93 51 Jad ol po 1) (VL S i85 Jde,lS

Wls

Ln.a—ul..m) J.a.s
s ools il Hlg &y 520 5l ol mlis
sleaisd v (p<0.01) 1o gre D9l snums s
Ol ) J—ad o Ly Hlas sloslaiul 5,90 LS
[Festuca arundinacea o ol ;0 (F Jgoz) ol

Syl coiS o YL oybeed § add ol San

YA e Folods cpao,lgz 0,98 e pole aslilad

Y



e Sl (Si g loyw 4 BLS GladisS S Casglie L)

0l b sloya Gl lojl 31 ol (sloodld (aKileo dmslin Jguor —Y Jgur
Table 3. Mean comparison for survival and biochemical indices measured for chilling tolerance in the autumn
season in Mashhad
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Chlorophyll a
(mglg FW)

Electrolyte
(/.) eakageL
Relative Water
(7.) Content

1.40de 5.23ab 87.88a 21.92a 3.78a 4.13a
448cd  7.36ab  84.87b  16.87b  2.90ab 3.78a
1.18e 3.62b  73.85de 8.73cd 1.32cd 1.95a
4.72a 11.71ab 87.70cd  11.79c 1.21d 4.17a
1.14bc 8.56a 91.08p  17.07ab 2.40bc 3.44a
0.81ab 10.68a 87.65¢c 13.15¢  2.40bc 2.79a
0.24de 5.03a 94.96ef 5.54d 0.51d 1.71a
0.11e 3.19¢ 25.72f 3.38e 0.47d  1.19a
0.75de 5.18a 94.17ef 5.80d 0.27d  2.09a

14.00a
10.18b
5.45cde
6.41cd
11.21ab
7.95bc
3.31de
1.91e
3.23de

e
Species
49.65abc 42.69ab Agropyron cristatum
20.53cd 42.28b Festuca ovina
53.82ab 10.81c Festuca arundinacea
38.34bcd 46.81ab Frankenia thymifolia
40.51abcd 63.06ab Potentila sp.
31.44bcd 54.37ab Vinca minor
15.12d 63.83ab Sedum acre
73.03a 8.40c Sedum spurium
38.19bcd 64.84a Carpobrotus edulis
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Means with the same letter are not significantly different
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Table 4. Analysis of variance of the visual and biochemical indices measured for chilling tolerance in the
autumn season in Mashhad
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0.074ns  0.14ns 1.37* 22.76ns 0.71ns 5.96ns 20.8ns 10.4ns 53.18ns 3 Sols
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*, ** indicate significance at P < 0.05, 0.01, respectively, ns, not significant
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Table 5. Mean comparison for survival and biochemical indices measured for chilling tolerance in the winter
season in Mashhad

Proline Phenol  Antioxidant Ch|0(l)’0;)hy|| Carotenoid Chlorophyll b Chlorophyll a RVE\)IIZ‘:;\;E
(Micromole) (mg/g FW) (7/.) Activity (mglg FW) (mg/g FW)  (mg/g FW)  (mg/g FW) (/ Content
55
Species

4.82a 5.62bcd 85.82ab 32.46a 1.31c 18.66ab 12.49¢ 53.30bc  Agropyron cristatum
2.51b 5.20cd 79.23b 32.13a 4.08a 9.06¢c 18.99a 46.49cd Festuca ovina
4.74a 3.51e 61.78¢c 25.30b 2.23b 9.46¢ 13.61bc 48.71c Festuca arundinacea
2.70b 7.37a 85.34ab 34.25a - 19.75a 15.14abc 28.79d Frankenia thymifolia
1.32c 6.47abc 87.65a 24.97b 1.72c 11.42bc 11.82c 69.54ab Potentila sp.
1.07c 6.82ab 85.01ab 36.54a 0.32d 19.76a 16.45ab 48.22¢ Vinca minor
0.31d 4.95d 85.72a 15.09¢c 1.92¢ 6.65¢C 6.53d 75.69a Sedum acre
0.23d 2.6% 26.77d 9.61d - 9.79¢ 2.02e 23.00e Sedum spurium
0.63cd 5.53bcd 86.56a 10.12cd - 11.01bc 0.72¢ 88.07a Carpobrotus edulis
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Table 6. Analysis of variance of the visual and biochemical indices measured for drought tolerance in the spring
season in Mashhad
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Table 7. Analysis of variance of the visual and biochemical indices measured for drought tolerance in the
summer season in Mashhad
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Fig. 1. Interaction effect of speciesx drought on different biochemical indices in spring, relative water content,
proline content, visual indices.
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Introduction: The harsh and stressful growing environment of extensive green roofs means that only a limited
range of plant species is routinely used.

Material and methods: This paper describes an experiment for investigating suitable plants for extensive
green roofs in Mashhad during the natural cold of autumn and winter in the form of a complete block design
and, after that, during the warm season (drought stress) with three irrigation interval treatments (48, 72 and 96
hours) in the form of a factorial experiment based on a complete block design with four replicates.

Results and discussion: The results of both experiments showed a significant effect in the different seasons.
Agropyron cristatum, Frankenia thymifolia and Carpobrotus edulis showed the best visual quality among the
plants examined. From the survival point of view, Carpobrotus edulis showed the best performance for both cold
and warm seasons and Frankenia thymifolia and Potentilla sp. follow the same manner. Vinca minor was good
under cold conditions and Sedum spurium was observed to be an excellent choice for the warm season. Grass
plants and groundcovers need regular irrigation during the warm season and showed significant differences
regarding watering treatments. However, a very good response to drought was shown in the Sedum spurium plant.

Conclusion: Overall succulent and groundcover plants are, respectively, considered good for the warm and
cold seasons while grass plants are not properly suited. According to the results of this study, green roofs can

be advised as sustainable green structures for Mashhad’s climate with certain considerations.

Keywords: Environmental stress, urban landscape, seasonal responses, extensive green roof.
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