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Effect of soil phosphorus on vegetative, photosynthetic, water related and
nutritional traits of brant’s oak seedlings under different water conditions
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Zolfagharit

Extended Abstract

Background and objectives: The acceleration in the intensity and duration of droughts in Zagros forests
has affected the recovery of native tree species, including the Brant oak (Quercus brantii L.). Despite the
importance of phosphorus in increasing drought resistance in different species, there is little information on
the role of this element in Brant’s oak seedlings with respect to drought.

Materials and methods: For this purpose, the main and interaction effects of two factors, soil phosphorus
(at five concentrations of zero, 25, 50, 75 and 100 mg/kg) and soil moisture (at three levels of 60, 30 and
10 percent of field capacity), on the performance traits of one-year-old Brant's oak seedlings were
investigated. The traits studied include morphological, physiological and nutritional parameters.

Results: The results showed that as soil water content decreased, the traits of leaf number, root and leaf
fresh weight, relative water content, photosystem Il performance, leaf chlorophyll index, and leaf potassium
and phosphorus content decreased, while root length and electrolyte leakage rate increased. The increase in
soil phosphorus in the heavily irrigated seedlings (60 percent of field capacity) led to the development of
aboveground organs and leaf area. In the seedlings that were in a water deficit, this maintained the
maximum performance of photosystem II. An increase in soil phosphorus under all water conditions
increased the phosphorus and potassium content as well as the chlorophyll index in the leaves of Brant's
oak. However, this had no effect on oxidative stress-induced damage to the reducing membrane.

Conclusion: The addition of phosphorus increased the resistance of Brant’s oak seedlings to drought stress
by improving their nutritional status and protecting the photosynthetic apparatus. It was suggested to use
higher phosphorus concentrations of phosphorus for future research to investigate the possibility of
improving water relations and protection against plasma membrane damage.

Keywords: Nutrient element absorption, Phosphorous fertilizer, Plasma membrane injury, Physiological
performance, Water deficit stress.
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Figure 1- Steps of testing the effect of phosphorus and soil moisture on the morphological and physiological
characteristics of brant’s oak seedlings
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Table 2- Variance analysis of the effect of phosphorus levels and moisture regime on vegetative traits of brant’s oak
seedlings

FW
SV LN LA SL RL
Leaf Stem Root
P 5.88™ 31374 17.6" 707 0.111" 0.063" 0.659"
SWC 64.77 99027" 21.6™ 732" 1.83™ 0.560™" 17.3™
P x SWC 6.45" 37632" 12.5™ 23.3™ 0.090" 0.057m 2.250m
CVe% 40 32 33 31 46 52 43

O Gy (P yind Joli i wolis (sl Slaspo (uSilen ool 0is o0ls GLES NS b (6,18 sima pac 5 5 kel doys =1V gV mhans )3 390 ,lo sima oaimaylis cod 5 4
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sl Sy g a8l e, (FW) 5 (59 9 (RL) au, Jsb «SL) @dls Jsb (LAY S coluwe (LN)
*, ** and *** indicate significance at the 5, 1, and 0.1 percent level, respectively, and non-significance is indicated by ns. Mean squares for sources
of variation (SV) including phosphorus (P), soil water content (SWC) and their interaction have shown. The degree of freedom of phosphorus, soil
water content and their interaction effect are 2, 4 and 8, respectively, and the degree of freedom of error is 46. The studied traits include number of

leaves (LN), leaf area (LA), stem length (SL), root length (RL) and fresh weight (FW) of root, stem and leaf.
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Table 3- Variance analysis of the effect of phosphorus levels and moisture regime on water and nutritional status of
brant’s oak seedlings

RWC p K
Y
Leaf Stem Root Leaf Leaf
P 4598 1178" 661" 0.142™" 0.132™*
SWC 75.9" 2591 3429 0.347 0.008™"
P x SWC 883" 1517 503" 0.048™ 0.002™"
CVe% 39.9 32.6 42.2 40 30
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*, ** and *** indicate significance at the 5, 1, and 0.1 percent level, respectively, and non-significance is indicated by ns. Mean squares for sources

of variation (SV) including phosphorus (P), soil water content (SWC) and their interaction have shown. The degree of freedom of phosphorus, soil
water content and their interaction effect are 2, 4 and 8, respectively, and the degree of freedom of error is 46. The studied traits include relative

water content (RWC) of roots, stems and leaves, and phosphorus (P) and potassium (K) concentrations of leaves.
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Figure 2- Vegetative characteristics of one-year old brant’s oak seedlings established in soils with different moisture
and phosphorus regimes. Number of leaves (a), total leaf area (b), root length (c), root fresh weight (d), leaf fresh

weight (e), stem fresh weight (g). The bar line represents a standard error.
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Figure 3- Water and nutritional relationships of one-year old brant’s oak seedlings located in soils with different

moisture and phosphorus regimes. Relative leaf water content (a), relative stem water content (b), leaf potassium

concentration (c), leaf phosphorus concentration (d). The bar line indicates a standard error.
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Table 4- Variance analysis of the effect of phosphorus levels and moisture regime on electrolyte leakage, photosystem
performance and chlorophyll index of brant’s oak seedlings

sV et | S'tze% Rt PSlgpt PS1max SPAD
P 0.027™ 0.30™ 0.014" 0.042™ 0.163™ 207"
swc 0.204™ 0.388™ 0.033" 1.19" 117 378"
P x SWC 0.011"s 0.070" 0.024" 0.024" 0.159™ 4.41m
CVe% 22.8 16.6 19.37 39 22 25

sl £F Uz 63‘51 s hs TV cuipa LaoT bl 5l S o lgime o 6°le Az el 0ol ools lis LaQT Jlizs il g SWC) s>
*, ** and *** indicate significance at the 5, 1, and 0.1 percent level, respectively, and non-significance is indicated by ns. Mean squares for sources

of variation (SV) including phosphorus (P), soil water content (SWC) and their interaction have shown. The degree of freedom of phosphorus, soil

water content and their interaction effect are 2, 4 and 8, respectively, and the degree of freedom of error is 46. The studied traits include electrolyte

leakage (EL) of roots, stems and leaves, optimum and maximum performance of photosystem I (PSlloy and PSllax) and chlorophyll index (SPAD).
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Figure 4- Electrolyte leakage in different tissues of one-year old brant’s oak seedlings located in soils with different

moisture and phosphorus regimes. Electrolyte leakage in leaf (a), Electrolyte leakage in stem (b). The bar line indicates

a standard error.
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Figure 5- Photosynthetic characteristics of one-year old brant’s oak seedlings located in soils with different moisture
and phosphorus regimes. The effect of soil phosphorus on the performance of photosystem Il during the day (a), the
effect of soil moisture on the performance of photosystem 11 during the day (b), the interaction effects of soil moisture
and phosphorus on the performance of photosystem Il at night (c), the effect of soil moisture on the performance of

photosystem Il in Night (d), the effect of soil phosphorus on chlorophyll index (e), the effect of soil moisture on
chlorophyll index (f). The bar line indicates a standard error.


http://dx.doi.org/10.61186/jfer.4.1.41
http://yujs.yu.ac.ir/jzfr/article-1-137-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-17 ]

[ DOI: 10.61186/jfer.4.1.41 ]

e SlAAE g (ol (s gid gy Sl p S phud 1) Sen 5 i)

£ Ll ey 5 s slales 5 e Jsb il e
Lalys 5o it il oy Sy (sl 4 A, g ol
gso50 (il 09 @l Ll plo 5l iin wad Of 058
2l layles oy, Job OB &5 ad
Sad oS oyl il o g0l cenl oS S aud as el b
Sy g Bl s, laplal 5 5900k o Casl ol S
e Lol il pals S Ol lgime malS b ol
g a8l sy sbaplail 5 59 g o se SIS el

9 &l o Glgime p S jid g Jugb) (slgio il
ol 53 by 9 yhuud i

ety slgine I3 rge S i s ol

S bl ey 5 asllas 5)50 susb; bal i pled ;o Sy
IS8 ¥ Jgaz) cdly als oS Lalpd 5o (aaliél ol
aS ol pudixe plo gloaidl b gucan aidl cpl (z-Y
Sl b Wilgi oo 0,008 sloogS 0I5 was o lis
czge S o olad slayg jeax ) ol olend
335 pedS 5 pesely (359,45 wile (6 polie i il
e 28lS S b, sl 2l L1l
Cgo 0yhud 095 5l eolanwl (Singh & Lal, 1961)
& o5 59,5 gy sladld Sy 50 Hand ez 38l
F Jgaz ol uals Jlagp slo Jlos Sy yo |, s clale
SB jaud cdale o gyl g bliie I S
sl Sp o saed g 0 S Jugb, Gl g
Sl b aSG gou dy (0-F S ¥ Jguz) o oawlics Llog
Py ey cudbospy Ve LS ol Slyoe (2o,
Sy oyans chle o )b sxe Galf whs 4w Do
o incd 355 0,58 13 0 S lea VO fiae b o lo g
S ol Jls jo Lad g auid comlice civgs 00,5 dl o
(D09 09905 S8l j0 0,08 055 5 0 e )8 L Ve e
JJb ol,:f 5O ).o...«ﬁ FoZ ‘5’—|‘°5 00isS Sgdzee u‘f‘
5 sk, Glee G canldl blae Ol sg canlin
s LS lsn ol 53 hed Ll S i
g Pourrafezi ale> i .cosl ool sonlice ol iz

AR

9y Olho p SL s g Sugb) Gl 5

Sy90 singy Slao plad (S Susb ;) sleize ialS
JS& ¥ Jgaz) ol s 1) ddle Jsb 1> a0 (5,505l
g2 Gl Rlgl (i Lo £9,8 aSul 4 4z g L (Y
i 5 950 5l Gl 2l e o Sl S
Blo Jsb ol 058 lap); b poe Lo Wil
(S w5, o gl s o S slass ymalS clde il
i Ol s 4 (235 0 £ alS p odle Wil s
@ e 4 5o Wlgi oo onuay ol all olS Sy
2l 35eeS (i a4y Conglie Graliil g 5,05 5 eSS ShalS
0ol o ge S 5o yaud mhau yiol38l S ek 4y 00
Gutiérrez-Boem & ) S coluw juals 5 o135,
Singh & sale, ) acs, as, Swljél 9 (Thomas, 1998
.oo)f‘se (2000

oLS alsp plail i s S a8 00T 3gume ol

sk, lulid 5 00,5 o olml YU slacdale o boas
PNl )3 (oiagy 0 )Shee (ial3dl and oS slacdale g ay
(Ronaghi et al., 2002) el oo 5,155 LS olse
Lulps )0 S saud Gl ol 51 (S p o eizen
Sl 0035 (cgy o Shes Gl crge 3 2l (1
b a8l islesT opl jo (Payne et al., 1991)
2 @l el drng (ogee 22l 4 e SIS 0
&l ey bl o (o g (V Jgaz) aid logp slales
e YO) @l 0 028 cge jind 5l (ool i
oo YO) Sy S Cols I3 5 (,55hS 0 05
Sd o (539 Gl 4 Az sl b oud 5 (p SekS 50 05
oolazul (p,56lS 15 0,5 e O/O) o3kl 3,50 S o
S SB s o,k 40 S e Ver b jid 55
May sladles 2l slaplal anwgs 5 sloasS sgaome
ol Jds 4 wiyls g 5aals sleasy ;a5 glals .cuslas
Sz slo bame jo wd;y 6lp ol wlio 4 it Sliws
5SS e ali8l (Sing & Sale, 2000) siwe 55,5500
(S b, lgme 5 pmd) Gialejl 0,50 slaale


http://dx.doi.org/10.61186/jfer.4.1.41
http://yujs.yu.ac.ir/jzfr/article-1-137-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-17 ]

[ DOI: 10.61186/jfer.4.1.41 ]

FA-00 resloxiuo [1F¥ /S5l o jlos /03l 090 | AR (slpmimmmngST olindins alzxo

SgeS Lyl pd 50 g il alS bawgio Ol 0gueS Lyl jo
Gyl Bl 7S L gl gtre Dl a0l O
b agzrlye 0 o) 4 o Ol 2loa slaplal o
3 el 0als sanline j b gl plu o Sis s
i bl (Zolfaghari et al., 2022) wgs a5 _angy
IRAF IRt %ymmbwc@d)lﬁgi&wélaé
Lol ta50 5 Jlogp o Jls slaplail plas o acedg 2SUI

I o g8 0 ,Shos 53 S yiumd g Sugh ) Glgixe i
g ls 3l g

IS8 b bty po Il pitapngid 5 Slas 28l 5 Judg,lS
ol 3o 1 gisgid 5, Shae (2015 (5 -0 5 o -0
gobw ples jo (o5 Syl ao)d Yo s i g
S5l (S50 0 Sles 45yl g dy EetS i
(el cad b aoyo V) was ‘5,—| oS bl o Lol
Wgy 03,8 <l 1y yind 5l LV ok a5 SlalS L
RERVRIU P VR R | IPCOMUURIST I Y PV-RPUPSA PR ¢
Sl (S ad mhe Ll Gemen (@ -0 JSS)
s aluly Gl 5l iy oy 891 (e ls (e
Lopez etal., ) 5, L ls clale L S ,aud mlaw
4 (Tarig et al., 2017) 1l gucwgs o Slee 5 (1994
)l oL Glaiagh j0 Ol 0geS Laylh ,0 0%
J.:Ya 4 \.\4‘5.1‘59 | Wp O)ﬂ.a.c uw.a‘)S‘ Sl 00
sl Gl g 15 0515 (il abea Sl goaste
i3l «(Trankner et al., 2018) o v 5 gl 9o
A8l apeSTol (slo 5T Gl b 5 5 STy 551,
22 by s Ojg0 4wl oo Jelse cnl 5l SH 50

5 £l cad,b as v ¥ U S Ol Glygow ials

3 k2 BB oauS sgume Ol alas aw Soe w
Caodls 5 1 pngnd o Shos L5l log r allesy sla Jles
Fr ol cge LS g 9,8 sbml cendlygin slas

oy

ol jo ,aud Ui oyl a5 wols oylas (YY) Afkari
Sod o (ol g S ek, sleie Giuli8l Loy
byl o )s P sy w3 40 A g lales
o Ll 2l Sl S b glyime el L el
Slyie s SB- jad mhao (il agas oleS blys
Y g Y S X Jga) ol ialidl 1 Bl O s
Chen ) ey iz 5o jhnd peiins Sl &y azgi b (o

B e iy O iuli8l s a8 ).,.,l.a alylogy

ol i1 ol 55 2 S yasd 5 a5y slyione

2B el5 e b a0 Ve B S O glgime tals

Gilizee slaplasl o ey 2SI cts 5 (s losine
oS Ll jo bl relas byl Gow o ey sla b
Loty iSUl ot & 5 (2l adybo auoyd Vo) wads o
S5 Jgaz) <8l Bl g n sla Jles a8l g S5 5o
o] Goailas 5l (S g mSIl cais 5 aliel (F
S5 5 e 31 25 Ll 53 oS 5y sl i
id sy st Sialidl Lo 4y a8 caul O
Gl 3 (ShaneS| T slapis el )50S 5 Jobos
Bowler et) coul o 5l oob Jbd slogy5ens] zlaw
A, 50 Sudg Sl s F ol adss o @l 1992
S )b aopo Vo) dad leS Lulyd o jlagy slaJlys
Goy Vo) oilesl 990 0,98 53 15 (s o gime iglis (21
et g5 g R e Slolp sl S sl plas
ol B plals bt slaplal o lacdg Sl
by iU 2ot 25 3)l90 (F 0 jo Lel 13l 0929 (S22
S e iliblone lapansls | &S 25 s ol
L5 I slearul qouid SlaS 5 (S o515 Gl wsile
2 S g WS (508 i e Sao i S LS 5l
gVillar-Salvador ale> 51 b o ialS 550 S5
QUErcUs &is¥ (59, y &5 adzs 1o (Y++V) o Ken
Sy cdg Sl s #2605 samline wisls plil ileX


http://dx.doi.org/10.61186/jfer.4.1.41
http://yujs.yu.ac.ir/jzfr/article-1-137-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-17 ]

[ DOI: 10.61186/jfer.4.1.41 ]

e SlAAE g (ol (s gid gy Sl p S phud 1) Sen 5 i)

OB orlcel pdy GGl (Sas 5o polie laJles 4
Jo sbas 5L o s slasgS 5l osliiul 31,k 5l wilgs e
4o el b g (Zolfaghari et al., 2022) olaws soss
I G b WSl & i ) et
(Owliaie et al., 2011; Dahlgern & Singer, 1991)
SN0 Elgil vgd o dlpiing o.\;.ﬂ Sz (gl 00,5 1,
clabale b (o) sbogS alex 5l jaud slaodsS |
058 )8 Gialesl 090 S SYsb (S 058 50 g yiin
oL (Soiole i ool B dggn ;0 jhud E Cpizen
S8 asdllas 3590 6 5 Gaee j5b & (SiS Lalpd )0 log
2,5

SIoyad g Sl

M il ) sl 5 sl 5 sy i o)
el 00 |y gl oKl o cylam b aS el oo,

s Lol 0,8 Lli polie Cis 5 g, sloo Slae
soopde el bl aope Ve b S Ol sgeS
O 3l soIMe 9 e ge glasdR g gy Slaudgae
35¥las alS dads iU et 5 Gl sl
slapladl o e3giss (2ol 5 (Sl 5o 1 piengid
Al s e Sk Vor B il 08008 olS il
Gl il asle (Sas A e SIS Gl oz
izt 3 Bl O (s (slgiome i g sl g 5hed
st 5 slasely (S 2l e Hiud 0 p)l8
gid 3,8Lae) o9y sladles o ol 95t 5l 20
Mgt slid 5l cablone ke i1 Lol o 5 (I
edalin (Sid A 5l (AU (GgmlaraST A5 plp 50
Fae S oaid Lid fgasme ;o Gudsd pl glaaidl ais
G5l 50 ey sl Suglie lBl s and
Hed (o515 Gl Bl Giod ol s el el (SCas
s Ol Lol slaJles fhagin ) banzes )0 Qi LB

&l

Achakzai, A.K.K. 2011. Effect of water potential on uptake and accumulation of cations by sorghum

seedlings. Journal of the Chemical Society of Pakistan, 29(6): 321.

Ansari, W.A., Atri, N., Pandey, M., Singh, A.K., Singh, B. & Pandey, S. 2019. Influence of drought stress

on morphological, physiological and biochemical attributes of plants: A review. Biosciences
Biotechnology Research Asia, 16(4): 697-709. [DOI:10.13005/bbra/2785]

Bowler, C., Montagu, M.V. & Inze, D. 1992. Superoxide dismutase and stress tolerance. Annual Review

of Plant Biology, 43(1): 83-116. [DOI:10.1146/annurev.pp.43.060192.000503]

[DOI:10.15287/afr.2016.561]

Chen, L., Jia, H.Y., Zeng, J. & Dell, B. 2016. Growth and nutrient efficiency of Betula alnoides clones in

response to phosphorus supply. Annals of Forest Research, 59(2): 199-207.

Dahlgren, R. & Singer, M.J. 1991. Nutrient cycling in managed and unmanaged oak woodland-grass

ecosystems. In In: Standiford, Richard B., tech. coord. 1991. Proceedings of the symposium on oak
woodlands and hardwood rangeland management; October 31-November 2, Davis, California. Gen.
Tech. Rep. PSW-GTR-126. Berkeley, CA: Pacific Southwest Research Station, Forest Service, US

Department of Agriculture, Vol. 126, 337-341Pp.
Edraki, M., Kowsar, S.A., Mehrbakhsh, A.A. & Bordbar, A. 2007. Water consumption of a six-year-old

river red gum plantation in the southern Zagros Mountains, Iran. Journal of Mountain Science, 4(2):

136-145. [DOI:10.1007/s11629-007-0136-y]

Gutiérrez-Boem, F.H. & Thomas, G.W. 1998. Phosphorus nutrition affects wheat response to water

deficit. Agronomy Journal, 90(2): 166-171. [DOI:10.2134/agronj1998.00021962009000020008x]



https://doi.org/10.13005/bbra/2785
https://doi.org/10.1146/annurev.pp.43.060192.000503
https://doi.org/10.15287/afr.2016.561
https://doi.org/10.1007/s11629-007-0136-y
https://doi.org/10.2134/agronj1998.00021962009000020008x
http://dx.doi.org/10.61186/jfer.4.1.41
http://yujs.yu.ac.ir/jzfr/article-1-137-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-17 ]

[ DOI: 10.61186/jfer.4.1.41 ]

FA-00 resloxiuo [1F¥ /S5l o jlos /03l 090 | AR (slpmimmmngST olindins alzxo

Fayyaz, P., Etemadi, E., Julaiee-Manesh, N. & Zolfaghari, R. 2013. Sodium and potassium allocation
under drought stress in Atlas mastic tree (Pistacia atlantica subsp. mutica). iForest-Biogeosciences
and Forestry, 6(2): 90. [DOI:10.3832/ifor0856-006]

Jafarnia, S., Akbarinia, M., Hosseinpour, B., Modarres Sanavi, S.A.M. & Salami, S.A. 2018. Effect of
drought stress on some growth, morphological, physiological, and biochemical parameters of two
different populations of Quercus brantii. iForest-Biogeosciences and Forestry, 11(2): 212.
[DOI:10.3832/ifor2496-010]

Jones, C.A. 2003. The effects of P fertilization on drought tolerance of malt barley. In Western Nutrient
Management Conference, Salt Lake City, UT, 5, 88-93.

Knudsen, D., Peterson, G.A. & Pratt, P.F. 1983. Lithium, sodium, and potassium. Methods of Soil
Analysis:  Part 2 Chemical and  Microbiological  Properties, 9:  225-246.
[DOI:10.2134/agronmonogr9.2.2ed.c13]

Li, X,, He, N., Xu, L., Li, S. & Li, M. 2021. Spatial variation in leaf potassium concentrations and its role
in plant adaptation strategies. Ecological Indicators, 130: 108063.
[DOI:10.1016/j.ecolind.2021.108063]

Lopez-Cantarero, |., Lorente, F.A. & Romero, L. 1994. Are chlorophylls good indicators of nitrogen and
phosphorus levels? Journal of Plant Nutrition, 17(6): 979-990. [DO1:10.1080/01904169409364782]

Nazari, M., Zolfaghari, R. & Fayyaz, P. 2013. An investigation on trends of annual and seasonal rainfall
and temperature in different climatologically regions of Iran. Forest and Wood Products, 66(1): 1-4.
[In Persian]

Olsen, S.R. 1954, Estimation of available phosphorus in soils by extraction with sodium bicarbonate (No.
939). US Department of Agriculture.

Owliaie, H.R., Adhami, E., Faraji, H. & Fayyaz, P. 2011. Influence of oak (Quercus brantii Lindl.) on
selected soil properties of oak forests in Yasouj region. Journal of water and Soil Science, 15(56):
193-207. [In Persian]

Payne, W.A., Lascano, R.J., Hossner, L.R., Wendt, C.W. & Onken, A.B. 1991. Pearl millet growth as
affected by  phosphorus and  water.  Agronomy  Journal, 83(6):  942-948.
[DOI:10.2134/agronj1991.00021962008300060005x]

Pourrafezi A.R. & Afkari A. 2017. The effect of mycorrhiza and phosphorus fertilizer application on some
corn quantitative and qualitative traits under drought stress. Agroecology Journal, 13(1): 39-48.

Ronaghi, A., Chakerolhosseini, M.R. & Karimian, N. 2002. Growth and chemical composition of corn as
affected by phosphorus and iron. Journal of Crop Production and Processing, 6(2): 53-66.

Sardans, J. & Pefiuelas, J. 2007. Drought changes phosphorus and potassium accumulation patterns in an
evergreen Mediterranean forest. Functional Ecology, 21(2): 191-201. [DOI:10.1111/].1365-
2435.2007.01247.X]

Singh, J.N., & Lal, K.N. 1961. Absorption and accumulation of potassium in component parts of
sugarcane as affected by age, phosphorus deficiency and phosphorus fertilization. Soil Science and
Plant Nutrition, 7(4): 139-145. [DOI:10.1080/00380768.1961.10430970]

Singh, D.K. & Sale, P.W. 2000. Growth and potential conductivity of white clover roots in dry soil with
increasing phosphorus supply and defoliation frequency. Agronomy Journal, 92(5): 868-874.
[DOI:10.2134/agronj2000.925868x]

o¢


https://doi.org/10.3832/ifor0856-006
https://doi.org/10.3832/ifor2496-010
https://doi.org/10.2134/agronmonogr9.2.2ed.c13
https://doi.org/10.1016/j.ecolind.2021.108063
https://doi.org/10.1080/01904169409364782
https://doi.org/10.2134/agronj1991.00021962008300060005x
https://doi.org/10.1111/j.1365-2435.2007.01247.x
https://doi.org/10.1111/j.1365-2435.2007.01247.x
https://doi.org/10.1080/00380768.1961.10430970
https://doi.org/10.2134/agronj2000.925868x
http://dx.doi.org/10.61186/jfer.4.1.41
http://yujs.yu.ac.ir/jzfr/article-1-137-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-17 ]

[ DOI: 10.61186/jfer.4.1.41 ]

e SlAAE g (ol (s gid gy Sl p S phud 1) Sen 5 i)

Sisakhtnejad, M., Zolfaghari, R. & Fayyaz, P. 2016. Assessment of drought resistant of Quercus brantii
and Q. Libanii seedlings using growth, physiological and nutrient uptake. Applied Biology, 30(2):
137-157. [In Persian]

Speranza, M., Cakan, H. & Ferroni, L. 2020. A safe hotspot. Plant biodiversity and the natural and cultural
heritage at Tilmen HOylk. An integrated approach for an archaeological and environmental park in
south-eastern Turkey: Tilmen Hoyuk, Springer Nature, 209-217. [DOI:10.1007/978-3-030-32754-
511

Tarig, A., Pan, K., Olatunji, O.A., Graciano, C., Li, Z., Sun, F., Sun, X., Song, D., Chen, W., Zhang, A.,
Wu, X., Zhang, L., Mingrui, D., Xiong, Q. & Liu, C. 2017. Phosphorous application improves
drought tolerance of Phoebe zhennan. Frontiers in plant science, 8: 1561.
[DOI:10.3389/fpls.2017.01561] [PMID]

Trénkner, M., Tavakol, E. & Jakli, B. 2018. Functioning of potassium and magnesium in photosynthesis,
photosynthate translocation and photoprotection. Physiologia plantarum, 163(3): 414-431.
[DOI:10.1111/ppl.12747] [PMID]

Trenberth, K.E., Dai, A., Van Der Schrier, G., Jones, P.D., Barichivich, J., Briffa, K. R. & Sheffield, J.
2014. Global warming and changes in drought. Nature Climate Change, 4(1): 17-22.
[DOI:10.1038/nclimate2067]

Villar-Salvador, P., Planelles, R., Oliet, J., Pefiuelas-Rubira, J. L., Jacobs, D.F. & Gonzalez, M. 2004.
Drought tolerance and transplanting performance of holm oak (Quercus ilex) seedlings after drought
hardening in the nursery. Tree physiology, 24(10): 1147-1155. [DOI1:10.1093/treephys/24.10.1147]
[PMID]

Zolfaghari, R., & Akbarinia, M. 2018. Physiological and biochemical responses of Quercus brantii
seedlings to water deficit stress. Caspian Journal of Environmental Sciences, 16(2): 165-177.

Zolfaghari, R., Rezaei, K., Fayyaz, P., Naghiha, R. & Namvar, Z. 2021. The effect of indigenous
phosphate-solubilizing bacteria on Quercus brantii seedlings under water stress. Journal of
Sustainable Forestry, 40(7): 733-747. [DOI:10.1080/10549811.2020.1817757]

Zolfaghari, R., Dalvand, F., Fayyaz, P. & Solla, A. 2022. Maternal drought stress on Persian oak (Quercus
brantii Lindl.) affects susceptibility to single and combined drought and biotic stress in offspring.
Journal of Environmental and Experimental Botany, 194: 104716.
[DOI:10.1016/j.envexpbot.2021.104716]

AN


https://doi.org/10.1007/978-3-030-32754-5_11
https://doi.org/10.1007/978-3-030-32754-5_11
https://doi.org/10.3389/fpls.2017.01561
https://www.ncbi.nlm.nih.gov/pubmed/28955356
https://doi.org/10.1111/ppl.12747
https://www.ncbi.nlm.nih.gov/pubmed/29667201
https://doi.org/10.1038/nclimate2067
https://doi.org/10.1093/treephys/24.10.1147
https://www.ncbi.nlm.nih.gov/pubmed/15294761
https://doi.org/10.1080/10549811.2020.1817757
https://doi.org/10.1016/j.envexpbot.2021.104716
http://dx.doi.org/10.61186/jfer.4.1.41
http://yujs.yu.ac.ir/jzfr/article-1-137-fa.html
http://www.tcpdf.org

