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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

Leila Ranjbar!, Payam Fayyaz!*, Ebrahim Adhami? Hamidreza Owliaei?, Roghayeh
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.

!Department of Forestry, Faculty of Agriculture and DOI: 10.21859/jfer.4.1.41
Natural Resources, Yasouj University, Yasuj, Iran. ISSN: 2423-4095

2Department of soil science, Faculty of Agriculture )
and Natural Resources, Yasouj University, Yasuj, Received: 31.10.2024; Accepted: 26.12.2024

Iran. Online Published: 12.03.2025
*Corresponding Author, Email: pfayyaz@yu.ac.ir


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

[ Downloaded from yujs.yu.ac.ir on 2026-02-16 ]

[ DOI: 10.61186/jfer.4.1.41 ]

FI-00 rolxio NFY ] Jgl o jlot /o5l 0590 | (Ao (s poiummmn 5| olindicns alxo

kg5 Al

st Ll 3 31395 S Jled Gl dss 3 (ol (s Fmgid Slug) Slio 1 S pand il
s

' 6oladllgd ad, J Lol Lo yaes T ol il il ' (pLd sl ) sy S

b gmro 00

L1, (Slpl sl Jlogym ez 5l cogr sodisl dnwgs )]l o 515 s Kz jo JLuSis slaoygs Daw g Dl 58l HERV P T
slodly ;o paie ol s 5 68 Sledbl (lalS  Sis 4 Cuoglie ial3al o 500 Cosal I BT 05z g b sl 00,5 axlye S
2l 092y (S b agzlys 0 S (550 455

DS e Voo g VO D YO Gho mhow g 40) SB- yawd Jele Blite 5 ool Ol iales] 4o jslaie ol sl i sbgy 9 Slge
B e 950 gy Al slales (53,5hee Blio p (2l)) Cud )b as;s Ve g T Fe polaw 13) S (Jush) w5 5 (5SS
g bl ludss 5 (Se3ln a8 o5yl sl piie ol (o2 090 Slao 235

Sy JdolS as s d giengis o Sloe ool i Glgimme o5 g a3 (58 o5 p olawd Slas (S O lgize als | sdazdly
sizsh; Ll 3 68 o g 53 oS i Gl S8l bl oy S it 5 5 4, o 5 8IS 5 i 5 el slsine
ainily J1,8 Ol ogeaS oyl j0 a8 SlaJls 50 5 05,5 5l 5 olsn slaplail anwss g (el); b b an )0 £ ) Sivg 6k
Sy 501y Jedo,dS a5 pealty id (ST o o bty ples jo S5 jaud aol58l g S i gid asiiy o Sloe Lt Crge

2l gilapnST 25 51 Al lid ol (2alS 50 65l Lol ols il lsg

)‘ cladloe 9 614“'\"’ Ja'?b) Soe d‘)‘b )l sz“““. > WS 4 )“39)'? LSLQLJLQ“ C""51"‘3"" u‘“‘)s‘ b ).a....s )l oalazul &S )9“° 4 ‘5)"54:“""
ol L ebla> g o Luly, oguge el addllas jolats & o] Slidos glp awd Vb glacdale 5| oolitwl 08,5 (6 jwgid olfws

353 gm gy gDl yiom sl

oKaslo ‘L_,’_:.,..Ja é._:t.n 9 ‘_g)')sL‘ZS oaSlidls a‘_g)‘._\li;? 05; !

DOI: 10.21859/jfer.4.1.41 Olnl sl sl
*ISSN: 2423-4095 oSl ¢ onebs qulie 5 (65,3LiS ouSils S pole 0,5 T

Orl ol @amb

VEYIN LBl bV EYT VYO il DFRYYAZ@YU.C.AT : Jyions o si oS S Cos®
VESYNYIYY sy Lasl b


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

[ Downloaded from yujs.yu.ac.ir on 2026-02-16 ]

[ DOI: 10.61186/jfer.4.1.41 ]

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

Ol s g Jslore glaasd alidldle o il
&5 el oo gglle Gl g (a1 T glage sl
Olhe 39138, oo i1 i slaaioS g by xSl oz
L olS ol by o5 (Soigdnsed oS 5l @l
@ Wil oo g 8yl0 Of dgeaS 15 b ablie jo oge LB
P8yl Sl sl (Sis a4 Jooss slaas i 5| (G plgre
Fayyazetal., ) s,.5 ;|8 coliiwl 5,50 Sis a5 Jomeio
CollB (S cogb, el (2013; Achakzai, 2011
o golie Oplee 65 s 4 xie g ool ialS
(Sardans & Pefiuelas, 2007) 55 o oLS slacil
SIS eyl 5 pafitee Sl (6050 B lalS
a_;| dfa.n QLQ.\Jl)scola u.,.:alf ‘)L;M?M)‘GLLJM
25 e Gl QLS o 1) 5 4 Coglie amis o

Ay, oz Ll b i e (JONes et al., 2003)
Uals 55 5 «Sing & Sale, 2000) s> slaassl o515
Gutiérrez-Boem & ) LIS, ¢y 3 Sp zhw
L oabliso jo ololS cwglie (ilj3l o (Thomas, 1998
OLKea g Tariq slasdlas ,o o)l 25 oIS i
o0 dlegs sla g jo 1) jand g Sz Sl SH(YY)
3,30 (OLdgr Sy 00lgils 51 Pheob zennan) b o428
Sad Gl 51 i B yo aS slo las gls assls JI 8 oy
e 655l slaaaslSe 5l b st oS S
Er el g, colas hall (S mhaw oS L
Clled Gl ool Bpae LI (Rl (5 g s
b ablie (sl bt gon] gos g o SlonsT 5T (slapn 3]
S50 a8 065 5l ool Lol auS oo ool S s
@ hed p)5elS 50 S ee Yo (0933 dals 4 00
GRelS aly; 035355 Sgnr Gasb il (Wlale )90 4 S
S 5ss GBI, o515 Gl 5 i) (gmtignS]
che )] czge (S5 I Sl 5 ecdgen
Jolre jid Gial33l o 8 (s 55 4 aJles Cuaglio
e Sl Pl 5 yand oS o slas S jpam 0 S
O sy slale 3 (K 4 Suglie Gl o

\as

doddo

oS Cenl Gy jof SIS else o yeie I (S

Sguze |y (aLS sladss (Sfelnid oles 5 03,
olis sead8l Ol s aig, ((ANsari et al., 2019) ws’ o
Sl Gl ol yo (Sid Dol g (Slgl 3 al il onims
w5 ooyl 8l o 1) i sladiss sl g w98 oS
GS1y w515 sl S 4o (Trenberth et al., 2014)
b 5 SVsb St b g ol s o (Sl plasl
ored 3 ol mlie Cusguome crge (LS g, 090
s B &5 Jg Al e 0 oy 4 (IS laaiss
Zolfaghari &) ogd oo witun atilbaswy slady,
S cusb, slgime Sllugs aslllas (AKbarinia, 2018
doanlpl 5l 550 Gblis ;5 a5 was oo (i3 (52 ()55 50
Yo b jho) mhaw Gl 0 S Ol en (Slyime
Aoy Vel iaS 4y ole ol s Sl s (e sl
254 SE Gugb; Slie Gaw)) sddy (nl 45 o) 0
Aol 50 S (g il VY B e o j0 (aoyo Ve
ol leoe ol ol 51 ey 5 0 e ool olo ol
Crge g 0dg (Soyehy bl 5 S Ol g I ol
2350 OBLS 53 wad Sl Ol 9geeS 55 55
Quercus brantii ) ,lsg, 455 (Edraki et al., 2007)
Sid 4 pglie g oS oI5 bl s ,s 5l «Lindl.
S Glaelil )3 1) gy Kz wlex a5 cul
a9 Bhe @S LS olrl Jels sl iaae
a> ;I (Speranza et al.,, 2020) aas o LSis
Olse Sen sladles jo (S 4 Cwglie slapasilSe
Fid g pely g (il dacgenl gexs il 4
LSy o5 5 @layy, Slehas sse s plail o
Nazari et) b 1580 4 «Sisakhtnejad et al., 2016)
oL g Jafarnia _zsgs o o4 oyl @l., 2013
(g S SRy p (i G Sl g p L (VA
09y LSy sloled (ploerdim 5 (Soigls 8 o
Ced,b oy Ve U Sas i Jlesl a5 wisls ylas
G awlgl U ols )5 lavlsl) ole as o sl (215
5 Simgid oo Slee 1alS Bl i) alS oy


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

[ Downloaded from yujs.yu.ac.ir on 2026-02-16 ]

[ DOI: 10.61186/jfer.4.1.41 ]

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

ke 5 lp OIS Jlez) warw; (o)) byl ws o
O3 sbo s VO B T 5 g 9 Giand Lo 52 50 ol w3,
i pl ) Wal oIS ol kals Gles o (2udls
g 23,5 oy SB il Dglits pohaw 50 obe ez bl
S Cusb, 5l il ggla 50 55, Yo e 4 15l g
Syge Sl it 9 5,5, Slae () S8 (w85 13
oIS asls o5, olaw oSy colue Jold s
059 Job ol e 4 pilagid Ay g dinge 0)Shee
bz glapll o (S Sl colia g ol (ond Slgime
Sed Shle ol Sud g (S0l GV 0) S 5, 0
Sy 50 el clale 5 (VA0F) Olsen g, a0 Sy yo
b 6 Seslal (YAAY) Peterson 4 Knudsen s,
MalS" Gl 2yl B o OxY )5Sl g 4 iale)]
94575 090 9 12l e o p2 50 1S5 ez b (ol
sloosls ¢ iljly S IUT plonil 51 iy 285 18 ol
by g wad (owyp O STl eslinul b &y osdlly
By ol 39,5 5015 (15051 5l oslinal b bap)T g5 o0
ki ged Wodls w355 5092 Jlop s 4295 b oud S (o 2
Gogy 4 alfuiz Sl Sluglie 28K O jg0 glesls
6 5a0UT plos s ool 0o o A0 el pelans b 5 Sl

s ool (V) ) SPSS 1531 o5 51 soliciasl b (gL

gy Slio 1 S yiud 5 gb) slyiza

sl Gz slbaplail caas; oSy (o
0y95 Okl yo &5 ol plas jled g5 ) Sl Bro lag
SIS oS ysbo & 35 Jlag o (olo 55 10) alej]
Vo ddle Job cmope o il Jloz coluw L S cuin
P09 peimen g e le 08 s Jsb 5 e il
P 4 Gialel 0550 ladled po S g Ble iy, JS
Saals o, Giolesl Gae b0 e g oSS 4
Y USE) Sy ol 2alS cge S ush, (lgioe
(3-F JS8) ada) 5 0j9 9 (g -V JS&) 4t Jsbo (Al
56 L s 8 (e =Y JSE) Sy g (5 -Y JSs) asle
(Y Jguz) cuslas adle Job 0 (5)lo sro

¢¢

oK o Zolfaghari wlidss o a5 semias o o
los 25 oaisS il o sla Jlag a5 o saalie (Y- YY)
sloplail plad ;o ol 0guaS 25 Lal i 0 jaud saisS >
Sl S et & 5 s Ol (Slgtoe waiy ) g Bl oSy
204l al) slaJly 4 Cond i B (59 9 S
ol Sl jald Gl ax STassly S Ll s
ol odpnsy Slil 4y ol ) Slalllae jo Stz 4y Cuglie
2 SB aud il abae 156 050 50 (oo ledb! Ll
a9 b ols 3929 Jlogn sS40 (S AT 4 Cueglie
51550 s sladled sl o (Sas fs Coeal ey
2 (SES S5 Saglite Sl o jaed cote SIS
sladle Joos (gl oISl el 5 s (ool (S5
o 950 SB jad Gl Ol 0g.eS 5 4y log

S5 8

o9y 9 dlgo
A |yl gl olRisls Sliass GlxlS o gty ol
03,5l aod g0 4V USS yo Gheehy (2l Ul
L)L’T ).>‘9‘ ) u,u.bj;.s u.:‘ o colawl Sy90 6l.®)\.\.a el s
g 4slSeS i) il dadhie Jlogp iz, 5l ol
O3 i3 5 Sob gLl 0 g wad agd (Mexlpg
@392 Lol (5hl slaansS (958 (Fo9 0 Sl
3 eslS s Gl ol 6l clnls Gl U vgasxe
zobw L S (0 Jeoz) wo )5 eoleiwl adhis S
o) Sland (59,0 (68 S gio b jind 5| (Sglice
A bglse (S p,55lS 00,5 Lo Ve e g VO O- YO
e by e (Sokl sl ansS 7e slepore gl 5o
)W@aw)mélfublf\\')wwf gonJb&
8 atlo s Bas po QIS 2 5 4 a5 (SB s
59y 4w U g0y ole old 3 Sl U lalals asal axsls
dw 4 Ly lalS slools ;5 3l jo .aius (g kol s @ ates
B olol ahad b calisee ol slopss, § 230 punds 09,5
(=l cadyb aopo Ve g Ve F0) Gun ol cd)b
laglals g ol JyS (559 Ghe) @ =lh) Syl ad Jlesl


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

[ Downloaded from yujs.yu.ac.ir on 2026-02-16 ]

[ DOI: 10.61186/jfer.4.1.41 ]

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

oLl 331 ) Ry ol P09y Calguadyl do B YE G
November  December January February March April May June Juli
WGl mer NGNS S s S as Hh cals sl Solelghad by
Seed Seed storage  Soil and pot Seed - Maintenance ---------- Stop Harvest
collection preparation planting watering

v
¥y T (
I I Y

15t factor: 2nd factor: Measured traits

LA, LN,
Phosphorous ctr. (mg/kg soil) Soil water treatment (% FC) Length, FW, RWC, EL
0, 25, 50, 75, 100 60, 30, 10 In root, stem and leaf

SPAD, PSlopt, PSHmax

gy bsls sl Jles (Seislsnsed 5 o kit Slao p S Cush, 5 jhed 45b GilesT gl Ul e - S

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.
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