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Water stress is one of the most important abiotic stresses that harms the
growth of plants in arid and semi-arid regions. Plant traits reflect their
response and adaptation to environmental changes, which play an essential
role in predicting various environmental effects on plants and plant
processes. In order to investigate the effect of biochar on the morpho-
physiological characteristics of the species (Kochia prostrata L.) in water
shortage conditions, a factorial experiment was conducted in the form of a
completely randomized design with three replications in greenhouse
condition. Drought stress treatments included four levels (25, 50, 75, and
100% of the field capacity), and biochar treatment included four levels
(control, 5 g, 15 g, and 30 g). Morphological traits (plant height, root
length, aerial biomass weight, and root biomass weight) and physiological
traits (photosynthesis, plant water potential, stomatal conductance, and
transpiration) of the target species were assayed under drought and biochar
treatments. Results showed that the interaction effect of drought stress and
biochar on all characteristics except for plant height was significant.
Moreover, the main effect of drought stress on all characteristics except for
photosynthesis and water potential and also the main effect of biochar on
all characteristics except for root length) were significant. The treatment
with 30 grams of biochar caused an increase in morphological
characteristics (root length, plant height, and plant biomass) by 22%, 36%,
and 50%, respectively, compared to the control; this treatment also caused
a significant increase in photosynthesis and stomatal conductance by 107%
and 32%, respectively compared to control. According to the findings, the
biochar treatment of 15 grams resulted in a better performance and can be
suitable to increase the efficiency in the species under study. The results
obtained from this research can be an essential step toward the practical
use of biochar in restoration and improvement of rangelands.

Cite this article as: Heydari, F., Dianati Tilaki, Gh.A., Kooch, Y., Abdollahi, M. (2023). Investigating
the effect of biochar obtained from Azolla filiculoides on the morphophysiological
characteristics of Kochia prostrata L. under drought stress. Journal of Plant Environmental
Physiology, 18(3): 1-17.

©The author(s)
@ Doi: 10.30495/iper.2022.1964411.1813

Publisher: Islamic Azad University, Gorgan branch



https://orcid.org/0000-0002-8511-5661
https://orcid.org/0000-0002-4428-0150
https://orcid.org/0000-0003-3965-9665
https://orcid.org/0000-0002-1712-2149
mailto:dianatig@modares.ac.ir
mailto:abdollahim@modares.ac.ir
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0002-1712-2149&authorId=7006961210&origin=AuthorProfile&orcId=0000-0002-1712-2149&category=orcidLink

PUS o (559092 340

el Ll

1o Suaig 381 Ll

o PSI

—

T s Sk it
Phycological Society of Iran

FEPP=VEV)
FYAPM=ES AN e ) A
K anly

599 8 99550 szl w Azolla filiculoides | abols jlogw il wy
S geid cuxi Kochia prostrata L. 4igs

ol g (T oS o (T SIS (SLs remlE JE (g5 ek

f.heydari@modares.ac.ir :abll, o1l o5« wyde Co 5 sl (b mlis sdSKEls (g ,ldad 10 05 S
RhOg o 4 & BaRxs,

dianatig@modares.ac.ir :asbbly il o5« podke Cun 5 oS (s b saSls (5l o 058"

yahya.kooch@modares.ac.ir :esbll, ol ! o e Son 5 olKils ¢ an mbio s dSL13 (gl 6550 05,57

abdollahim@modares.ac.ir :asbbl; Ol Ol,g5 « ote S ol gand oclige 2Kl (0 paml 3o sanky Sladul b wkige 05 S *

oS>

- e

5 S gblie 53 OLALS wd;y oy psllals 35 oS Sl e b SAAS  Sete Sl ol A5
S L oo i 4 0LLS 5l 5 5STs e kS Sae alS Dlis 5 5l Sisaes
o Bl 2 S e Wl LS ST 5 LS e il S it 3 e A
oS Ll 55 (Kochia prostrata.l ) S G55 5 5850 laaasiie p jlrsm o8U ) 2 skt
A il GlS dal 5 s 1SS an b sl SWlS - b LI s o sSU s w el o
e s [aspe ol cd basa Ve 5V0 00 YO | mhe jlgn ol oS 5 slaoles
ot s (o8 50,8510 ;S0 0 aalt) mhaw Jlex Jold V5T 5l edd Wl s
3 (i o355 S 3 U5 el loaplislon s s 055 ada s dsb olS sl (S35 5
5> S a5 5 S50, 5 1655 Sle S T Jeudly e 53) (S5 55 slanasi
o ol 5 Sis G Jalime 3 aS ol 0L gels i 13 Sl g s S5 e
deedliy 5 o) slaaasiie g (S (15 ol a8 s pne (oS g5 ,) ) aaasiie
ST Dles il (il me Sl bbaasiie ple (4o J5b) wasiin o b kol 5 (L
o (LS et olS Lol iy Isb) 5955050 slaaasiie Sl Esl s
s e il il Sl gm0, 8T Slad e 5 A el @ Cond o3 00 5 TTYY Ol
ol e s S dald 4 el Lo TY VY Ol 4 (610555 Solds 5 e s wasile
Sl eals OLES (5 g > Shas s 5k 53 0 510 g sles oS 5 S 0le3l O o e
s ol S ediel s 4y s il adllae 3550 435S LS I (6l b Slds LIS e

.L.ZLv é\jﬁ CM.&\)L?-‘): )l};}f}. 6>ﬁ)lS a)LfLL.»‘C«@;_-)J s dalf 'L");A_SA

Wl g g

VER/0/A L s
VERV/V/A g SOk
VNVl 56
VYV Ol S

sl sloosls
N3l
Sl
o 55
Kochia prostrata

Azolla I ol [l s 3L vy (V0 Y) (sdge e ¢ o et [ PNV LIPS e | IR VDN S WSy S
(ALS e s5s )y s Six (5 o Kochia prostrata L. 58 G55 s 5 550 sbaesis s filiculoides

A=W (A

Doi: 10.30495/iper.2022.1964411.1813

s 5 ©

O3 sy oDl a3 ol&ils 1,50

[oNolel



https://orcid.org/0000-0002-8511-5661
https://orcid.org/0000-0002-8511-5661
https://orcid.org/0000-0002-4428-0150
https://orcid.org/0000-0003-3965-9665
https://orcid.org/0000-0003-3965-9665
https://orcid.org/0000-0002-1712-2149
https://orcid.org/0000-0002-1712-2149
mailto:yahya.kooch@modares.ac.ir

... Azolla filiculoides ;! abol> )l gw jil ow )y

V-1V Olio 1F4Y 3l VY oyl cppams Jlo (2L oo 559092 78

SO plerd S Slo g 55 Shes
L o el | OlalS Coodlw 5 sy il 58l
.(Rajapaksha et al., 2016; Rashti et al., 2019)
oo jledd g JLo5 (s J5) Ll s
Slres st 5 (L i (S 568 (5,5lS
LS ) s Al (b s oS il aLlS
A5 (05ST 355 L 3 gaS dml 3 5 JT sl
SloodS POol o e 5 (S Sl 00
Sy oS 508 5 Dluls) mes Lia b S
ok s el SN pa ¢ (g5slS 5 ALS s s
St 53 01 e 5 ke s S il (g
2 S s plde sl 5 oogh, i 5 Ll
Sl 4 S 1,5 a5 s e sl gl
Sl s B0 Ol ods (Wang et al., 2016)
Lles S S3JluNerr G her spum j3 1, St s
L glaawasiis Sos 5l .(Lehman et al., 2003)
S b s S5lS ol 005 Vb 4 Ol 5 e sl
S ok 45 3,8 il SLs s O (65l
Sohi, 2010; ) disu s 35 |, St sla S5
LS s gsdne sla a3 (Agegnehu, 2017
o oS 5 Shes 5 L) ol g e UL
ol bl (K4S el (65,0 Ll il 4 S
Glaiasin o Lagl 55 5 SLs L esl
allls 55 op sy QLS G555 50 50
So3 IS e baast s ol () 15 35 13
G5 5 iy b las e sla)lS 5 5l 5 5 Gees
Sl G el s S Ol 4 5 050 e
38 Ol esliad 55 iS Cnlie glalae
(Y+¥)) 0l,IKa 5 Abbasnasab .(Vemmos, 1994)
53 S5t 5 NP Do n ol
a5 5 (Bromus tomentellus) Saiy cile &8
b Lals 13 ey 2550 15 (Medicago sativa)

Sl o e Al e g oS 81 0L

PPNV

SRS Jlse n tege S (S SE R
S—iz eddy (Blum, 2012) a_as o ials
oy oS (SSssiose 5 S5 sladal
.(Asadzade, 2006) A s> . I, 3 U Cou o
Skt A cenl s 4 o gladle s
Ol 3,50 43 (G3date slaiags ol oS 5 Slas
bl oS s (Festuca ovina) st S
Tavanapoor et al., ) (Festuca arundinacea)
(Taverniera cuneifolia) ;3 vl (2019
5l =250 a8 aw (Alvani et al, 2017)
Gl e § Oyy oy i8S 3 Bromus
Oe—oees (Akhavan Armaki et al., 2012)
S 2 S S e A g e ok
Sl Ol y5 e 03 553 Ol 5 LS
.(Rizwan et al., 2015; Guzman et al., 2016)

AaLS Cer 5o e sl glael, 5 SO
b sl ol Ol (SKas a5 5l b ol
o3lital (OF (g3l 3 a3l 5 s - Caniis b
(ALS Ll ¢ als 558l Sag38l slge & 5l
CA_UJGJ ub\_>- J\)_A)\ obu;'_..:lj g:a_.chas
oJ_:}) B &)U—éﬁ' C,%.LG LY J.J:L.’gfn (ubbﬁ}w)
oS Bl 53 5 Lims e Rl 1, S s ol il
Polat et al., ) tuas o 5l 3 olS Slastl 3 (La5)
.(2004; Nazarli et al., 2010; Fallahi et al., 2015
A5 e slge Gl LS e as Lyl 5 4 4

3 S Wl S5 O by, 55 1) e 555



V-1V Olxio [1F4Y 5l VY o)l (e Jlo (LS Jouxo 559792 78

002 g (500> abld

Ly s ool oo 48 ol ol cle (al., 2011
Syl s J 3 LB s le w5 Ol
S ais) g 2 @) Sl LalS 5 e
S Ol Gl o b bl A5 5 o8
38 Olge Bl Ll s Aol L sl
oS S Shs 2 ol U e s Slallas
Sl il e 53U Sl e slawi S AS
S b B e gl bl 5 ol s 3 b
Sled s Lyl ey JLSG o058 a3 £ 50 4 4y
53 il sl Jilesl e S £5 5 Ham
Azolla 3l ol Lo g0 Ol 51 fagsy ol
S8 S350 g5 slaaasie . filiculoides
o= asdllas us S ., s kochia prostrata
Wiy sl 3008 (6,50 eyl 3 s shieey
oo iy (NS s Do (LS olS
5 St el (S Bald s (S5 5
Mo 5 Bls o2 5 ogen 51 Ol 3 ol oS
oI Bl Gl A3l (e &5 e (550LES
S ol ASt Sl S w )l e 68 Jeos
S nsb s saasie spg 03 sl 3 0
SUT fass 5 Sl gbaaasiio 5 a8 glaw S
Olse ay e Aol 5 Ll Loy 3 Ll o A3
b D 358 e e Sy ke S
5 Si i s Vb gl L ol 5 0lalS
R e 3 ol O 6310 65 iman
o=l Bdea s cnul Sl glaasl ol
S n 5o Glaaiiin p ol H o)

la figy 95l
LYad Jlw s lass cnliphalesl plosil Jous

du con — § L. . - ‘b'.'.\ B

ls on e OLalS (S5l s 5 (S350 5
(Y+14) OL,LSa 5 Tavanapoor s b sl
Sl S odiS ol Ol 4 by s Coasl
Festuca _ =5, slaai S 5, Slas 5 Ay 500 5
S—is i e Festuca arundinacea s ovina
5 = ol Lo s aS Al s 5 W S oL
dLE S A5 e el sb) delesl Lail 3
S 038) 550,50 laaasiin Ll o
5 GLS plissladn ) Jsb lS ol slaplil oo
(oS ) S ol gl jastls 5
Pt o RS g Sen S o 0555
(V) ollSan 5 Gavili s (5 SLs 6,8l
SLa S p SE S5 5 658 58 Sl e U
o s |y il OF G e SIS 5 0,
S Ol Sl s 45 25 S 158 5 aols 13
Sl 1 alsa slaplhil Sist 5 5 03 b s
(sl colls ulssl v a S JLs s sls
i Sl s (R L
51 =SS (Kochia prostrata) 5 L= ile &8
O gl sl il oo glne S S
5ol )33 4 o> (Amaranthaceae)
5 SiE el s il e (’)N 6LAV.....:.§L§A
e e 4058 ol ik e Ll 1) S we
L0355 G 3 A58 Gosb 51 s adyle 51 s
ol Sl jrage 51AS al b0 Of G e
S gLl 005 Sy Bt i Ol e olS
9L o b slaslo slaas bl o S 5 S
o Jasl i s Jsd BB e 5 5 absle s Sles
Gos U lg e olS opl 4l 5 S o)Ll ()5
Ol a5, ol eoml podle b (2l 2e 0
Ao Ll d s e A 5 OBl 5 VL 26,
S Ol a5 oS ol Ol S 5fs s
Nabati et) 5 5~ Jas wo5le W55 gl onbin 48



... Azolla filiculoides ;! abol> )l gw jil ow )y

V-1V Olio 1F4Y 3l VY oyl cppams Jlo (2L oo 559092 78

;i Azolla filiculoides 3| ool ;Lo 5o )l g0 M 5
kS I3l 4 5 3 5w S o glacls e
wju%je&alzw}actﬁembdfwﬂ
@Tjéfl?a\%jaﬁgjy\bjgm&.:}
S At e S b NS 5w s
Sydswe ol 5 s ‘y)jéﬁht_ﬁjmu;wb),_ﬁ
Sde 53 3,8 Sl s A 50 les b O5S]
a)'lv\_;\l._gtﬁa_é_}?)\}_;j'_?jjj:;AJ}S).ﬁ@bio QLA)
g b WLl )8 5l me Lo 95 51 maS )3
ﬁljbosm\b)f)%ﬁ&wdbéﬁ} A3 S

Kochia ) e sl 4 S Sui s sdsbs e
35 JusSb & oa b3l s | >l (prostrata
Lyl 5 s 5 S0 L hslai Sls CJI’ i
s S reb ol 0 A8 lides FHESY
s bl 5l anllae 3550 658 5d el |l o
et Jal (g 205 LS Y+ 3 4 S K. Prostrata « 55
S Oy Sl ey 5 0 dld Ll Sl m ool
S U1 Sl oS Y e el sl
Lo S5l 5 G YWEA) ssd> Lo e
aVlo Lo Oyl a3 5 (e L YY) LYL

6)}1@-?¢;’l—<)|-"—5-“‘—3-’b—< ol a5 VA

el sdal Vs 53 e A S
o3lizl 5550 b g lend la Sis ) Jgd
el O5asdes  pSE sl 05555 oS Ec pH  Lbrse Sio
M)b )I.A » MJ w: J‘.,\M
Y /Y o oY/t YT Y/oY V/VO

o\.x.kf(._?w.w); VADEIARAL u)psfm
ShXu et al, 2015) .Las by lse 5l ST s
A5 Jlesl 25 (Ll CoiS 51 ) LS 1l Oles
s e el s S S

@QM&J)L}A&JQV&W&‘MU
oy e b a3 YO 500 VO N S
(St i Jlasl 5 st S s S Jlas
3oy e B) S e Ll e go s
o3 st ol (gl AL oo 5L (S5 e e
jc;\)s.x_.p):cdu-dﬁwdp}mcﬁdﬁ
Byos gushy yasls o 5l eslizal L St il
Saxton et al., ) L2 s is asllbe 5,50 S
SOlS a3 SLs cosb, J xS g (1986
@kl s w035 Ghs 3 Ses ke Jlesd

e S lad sal Hles Jlesl 5 50 cb

Sl b &y o5 e Sl oK) 51 balas
"IAAY 580 50T LUl s lasie) oLl e
j'\“\}"\”'\}u_"ej_& Jj_b"\v,w}'zv}"ovu
e (UJLM.: P "L 50 5oL Moy VY
S B ilesl a5 cils 5 g mem slo Fome
Jie i Cn 5 J&Lials b cl;,a 0 A5l
gLl 5 e BV 0 o i e b gla0lUS 51
DSPEPUJC RS WUV W V3000 IR WA
L LoldS 51K a5 L0 e Y0 sliws 4 andlas
VB Ea(y JJ;})_.:aJ_:\:J_.i):_M{;SLﬁ-(aJSYO"
Lot S b il 0dSils (6l e
0¥ty Bd Jeb TY0Y) il A Cusd e
S e VA L sl 5l gl 5 (Lt 5,

j\o 0 n}ai_..ﬂ Cjb—w\)b&j)])b‘jd‘)wbubﬁ



V-1V Olxio [1F4Y 5l VY o)l (e Jlo (LS Jouxo 559792 78

002 g (500> abld

e e G e g () Sl esli
S S 5 059 % i .(Bouyoucos, 1962)
G Seslisl Sy Sy 5 dldsS 25 5l o S
Bremnner and Mulvaney 1982; Walkley ) .o
J=6 S 5 sl o 5 (and Black, 1934
oSws Sl oslil Uy (55 oslaas J2ss 5l dr
(Bower et al., 1952) Lu_i = o3l Ol
5 e pH oK Slesliul U (PH) Sk sl
el s gLl S G b 5 S S sl s
oo eslial 5y 50 S plad 5 (S5 Slo ga

RO P SN PRV RN

33 03l 3 Celw YE S 4 OIS Sb ¢ S
e 3 A 0303 53 51 mle ass VoY gles
Shadslh S a0l 055 S 51 5ol 5
Cosby oss S S e 456 S
e 5 i S Ols s (el cs 0 S
035 0l Ol nl 035 SB s BB b,
O b gl e 055 (O g 035 OIS
ol 5 L0l 1555 L 5 i S
SNSa 2 el a0 O35 ) S

.(Dianatitilaki, et al., 2016) . osls O Laglls

Sb et 5 (S Slopas Y dg

S JB el o S i GINCR )
G i 6 ; pH _ O T S T
. o A J S Seex F
A el
MJ};\‘:‘
((:1&.&:) BWERH } o oy Aoy
Ao Sl
AVARY ARRVANS Al v /000 VY ANYE \YVIV AR/ V4/4 ;S‘)J Yo A\l %3

5 2l 5, s kS 3 el b
Xiaoling et al., ) ploil 4/0-0) cel )

(2011
S8 Ay s 5P s SR S5l
(a3l oy33 slgul o> : Kochia prostrata
S oS Lyl 3 5l (5550 58550 sla el
o3l ainy Jsb sy s olsa Slapllles 5
L dws 4 (i 4b 5D OLlS pls )l as ¢S
Sl Glgsl 5s cpomen s (5,8 o5lul S
0335 S 3§83l g LSS 4 las s
LadladS 5haiys dsb s 5 2l ol
Gl OIS 51 OlalS 050 0w 5l A A o=
i S 3OS olsm 0358 a5 5 S o5l
S s 03 o S baaly ) e 5 ok

b (SUs 5101 058 5l 5 4da) G 5 S

Oljse 5 xS o3l 16593 58 (sla a4l (5 S0 5100
Colbe 5 T3, s g L 51 S 58 Vsl
= o s Lo S5 03 SO 8) Tl
Model LCpro+, ADC (s;LS =Nsls (s Sl
«ls» 55 (BioScientific Ltd., Hertfordshire, UK
s msby 5 ey b Ll b o IS
A el Sibesl ol s 5 ol 55, 5 1se
oas 51 () FolS T il (5 S esll sl
Pressure chamber, Skye, SKPM 1400, UK
2 ol el (603100 sl s ealizu
AL a5l S 0 g el Y LSS
Liles oo 2l cnl (6,03l s exlinad b S

! Net photosynthesis rate
2 Transpiration

* Stomata conduntance

4 Water potential



... Azolla filiculoides ;! abol> )l gw jil ow )y

V-1V Olio 1F4Y 3l VY oyl cppams Jlo (2L oo 559092 78

sy S P s Sl e ) S
(F Jpds) sl OLes andllas

aS by OLaS bl 4 s GL’ 1laygy calda
oS X Ol Jelie DSl Sl e glasles S
Coldos aasein o (o ps S mhw 52) (S0
o e Sas J s s ol e gl s
gt o 02V dpdr) Al (ae (S22
o by e gl i Saldos Ol o 2l s
Sl e e VA GSle b p ST s sles
s ol b S dal s 6 6y e e
S 5303 0L |y ()l man sl o S V0
A3 Y0) Ll i sl adss, ol Ol e
(Y JS8) s 8 ool (ols b b

Sielesl lasles blize Sl 1 o Sls aslis 3,8
B il il Esly [l g 5 518 48 sls LS e
05 V0 Slad S5 51 Gum Ulee o it 2 S
G e 3 2l s e IV S b s
Sl blaze Sl 300 JS8) el s 0 4l s
o3l 15 (U s SO mhas 52) (S 5
Sl e S0 Cdls (A3 0 mlaw 53) Sl 5
o aS Js s aisb ails el o L)
(FJsdm) 555 513 inn pite pl s SCit

S 3 S 15 ol S elS ol ety
S g 3 S GRS X Ol i S
S o el aasiie gy (5)ls e 6 Ao
Sl o olS T il (¥ Jpde) dzils e
Ole op iy 2,5 1y 2alS Jlar s 0 500 50
o s VO (St (5 leg s b T ey
JELL s VAT Sl U Sl s s> Ok
Yo 5 slas an b s Olgwe ool cp 2eS 5 ol
JLL =) o Qﬁ;pp¢ﬁo)l%-)ﬁpw)s
(8 JK8) conlods (55158

O 51 e A (6,8 o3l 58 Lot dhews @
5l glapliloa 5 s (5 o3l
A Do 4 5| Sl a5 Vo glos 051 s Laay
Sl L s 5l d 5 A els 18) el
e s 2l sbeldl o St s L (s

3 S s

bl Jebow 5 500
posls aslis fizman 5 Jlos 5 g sl
5 S 5 mls O3l L Laosls 035 Jle 3 I
b s S s 0 03l b bl Sas
slaaaslin palas Oyl pe Loosls )y
S G5 s s sled b BT 5o andllas 5 5
A eslial ad bys bl 4 Sl edd Jlas!
eSOl 8k alie e 4 35 (SUls O ga
35 bl gl Jlos 5 s oled s 4 S

Kochia prostrata 4 5 5.4 ¢ p saavasein
o Jader Sl sdiel s laaliiie i g2
lize 15 5o 1S el 0T Kl o uills
Sao g (hos S mhaw 50) (S 5 x5l s
£S e s cils 15 e U gy aatiia
OLES 1y (ols e il deasidin pl y S
08 313 0L Sl amlie gl (7 Jgar) sl
S Julie e by e pin s Oliee 0 o
(o) e sb do s 00) (Ko 255 (oS T)
e 52 S deS1 (63 pay Sen +/4) 0L L
S ol s (0 JK8) ol o3 456 3 0
o U g 3,55LS 48 3l 0L ol aallas

J@déb)z S g Foew b Olgae A58l



Oled 5 (g yuu> anbld

VIV ilris [ 1FF 5l V) 0 )loid ppazd Jlo o aLE axo 555les jud

ﬂ“ﬁ.vnchﬁv- (Fi7= oS.J,‘Jlnni ot (6l |2 Q\?%u@k\bﬁkﬁ&()ﬁ(}gl \.\:Jn-. -...ﬂa\. Hl..Jm-t 2l l\jwnj)ﬂ. N i < o \ul_nm..t: pefoy mfm v 275 ey

Qe
m.tferg sfacerg aderg =facerg o0 e
ol -~ for for ofove ooy
“ -~
G W L AT oY 5 -
a5 o5 v W ¢
Y L m m < X
-~ 3 ( . - 5 oo

: A C & I & I < 2
= = o < I VR
v' > b 4 ’. r v’ N <

~ i £ ] P N
3 ¢ HHH o
i 4 : N N B % &
J - . @ b » g G
Qs LR & ST S
P9 "W t +~ 8y ) i T
olﬁ : 4 v b £
2 qe st 3 A% 3

-

s\ AT (F i ) o F = o ppgsoud-y o 5~ 9 i miee S vm{T =0 59 0§ F T (AT 0 i <o of e o o 5fer mi o0 o9 o)

= efer g =t -0 e
o i o o o clome w
< 04 ASY oS 050 &
A5 s 05 ¢ T
T Ml E W . 2 W
2] d i S
e i K B N -k
ﬁ. e o L K % m,,
"6 15 ) L) A
v © ] - () . £
- P N H 2 ¥
LR T3 ”n ﬂ 8 “ ,w,
M, Wn o “A'- rﬁ
s g § gl € Hum 12
ar ¢ q . T v vt



V-1V Olio 1F4Y 3l VY oyl cppams Jlo (2L oo 559092 78

... Azolla filiculoides ;! abol> )l gw jil ow )y

w3 3: AT (3105 ) e e [ o omasoad y v i e Cem{) o7 5 (B E

2
od
m—< _ <

s For gp Fov g o gy for A 5Y QY oY

o e

g

o AT (F I Y

= e

s ofergp fov g efer gy ofer o559 o 559

v

. 55

ety
-
o dl-
e
el
ety
etde
e
e

4’
"-o

'y
A\
3
4\
¥\
Y

= 1P S e

) 0 Fov pppgsoudy mem qF i e § e

120

wir of

col o ddo i Mol gy

-

o7 59 0 E A (AT R infn <0 ol el

2

cidlor g Tpderg T wderg Taderpg

-

cejfoe g o pcfor g = gelerg oicern

= 1 s s

= g fer mfrm v 7S o Cr)

O (T AP Ao vl R o )



V-1V Olxio [1F4Y 5l VY o)l (e Jlo (LS Jouxo 559792 78

002 g (500> abld

K. PIOSITAta 55 5 558 sloaasiiio 5 S 5 lor s Wl 5 460 4 31 ol a0 3 Jytr

ol X sl g sl o ol wasile
&:iil:.« s ;v:-‘i'l:ﬁ s J-<-'Lﬂ s djjjﬁ}:é
F laie 3 F laie ) F laie 3
Sl e sl Sl e sl Sla e sl oS
o/ VAV OFH q AR} Y/ivo ™ Y YA YYA/NV . #® A P 55
T ol
. e e
0/YA\ £ /Yy q V4/¥A VE/08)** Y VY40 o/ YVY R Y
Y g/yyE q AR Y/$4A S A oY YT E A e
e ol
\V/AAO AR q Y/VOA ave ™ Y Y4/4Y¢ VY 0F#
sl

Sagme Sl ade NS +/00 mhas 3 (ol e i /) mhas 3 (g ls e i

(U JS) el s s 0 5 A SiLa b

Jelie 1y Sas s Lol Ol ey, Jgb
e il do s Sl 3 sl x (S S
ol Sl J s il ady) Ik e g0l
it (& J5d) 258 s dme e cnl p ol e
O590) Ml i pad i by e iy Sy s
o Sl WA (0 L (G55 Oy 5 )by s
Lo or aiey db e (S 5 s S Jols
s e b Ao Y0) s A S S les &
e Bla b Sle e ST g 5l L (
vV I8) Ll s

ols 4 i b Jadr a5 Ll gl
5 (o3 0 s 53) Sl s ool il aS sls LA
2ol (doys Sl 55) (S 1S
etk S JUs s ctls oS plisl aasite
3 3 e waside cpl (SIS 5 Xl
Ot b o= s e 5o ()
Ly o BV G 80le b olS gl Ol
e ST s s Bl b Ao 00 s o
s Bl VIEY S0 L Ll e (508
sy b b s Yo ) Las 5w by

A JS2) 4 8 Jol=p S0l s

K

Kochia prostrata « 8 <G54 6,40 slaavaseis
P VP WL N | A K PN Pl 03 5 oy 3
Sbrse bl S5 doss S phe s (SS IS
Wﬁi_.p)acn_;cb_wﬁé_»u;dx
S allas 555 a0 S Slan el o5 L
Ol e 2 eSS (8 Jgds )sls plas |y Sol3 sme
SNV Sl U algs plisilon g5 o
L Ol op i 5 Dlrsm 05 Sl 4 by e
oS Y Sl e @ bgse p S YEANT S0l
i ALS il 035 a5 035 Olgee 0 S 35
A3 YO) Add S e by e sy by
535 e S VW0 (S L (el o b
Sl ol pll e 58 a3 855 Oljee 0 2o
YAV 80k b 255 05 5 5 0 Dles oS5

.(oJ.(.:) Lol e & pf

Jelize Sl Sl aglin tacty ) 038 a3 O
e s 3,8 a8 sl 0l ilesl glasles
Al ol S s S i e s SR
Sl 2 (SEF A5 s glaoled e
Bl e Aty 0355 S aala o
s les 4 bg e als) 005 S Oljee o 2
T R e N S el TS AR



V-1V Olio 1F4Y 3l VY oyl cppams Jlo (2L oo 559092 78

... Azolla filiculoides ;! abol> )l gw jil ow )y

~ \\I. =

" L AT (F 1 ) e

o oo lor oloe
-\ TA -9 Ta
av
A 4

oi" 01 A (F 1T ) T

@ +@ZZZ Y,
_
a

- =0\

--'0a

-t

€ o (7= 7 |y

st i
L

“

ceteay

RRRRERERERERERER,

«=teT
.

9%
«s"eQ1
eetenuy

e

§0 Crp(509)

¢ «\ 7 o pppysosd-y e

660 o) 4 e 5

S5 pwgsoady ~~= 2 o e e o 5 6

....val'

-~

%3

ln«l)ﬂ.ln =,

I'.‘-Ml—|

Jin

m Bk

6O Comy (569)

60 o 7 e (59)

M



Oled 5 (g yuu> anbld

VIV ilris [ 1FF 5l V) 0 )loid ppazd Jlo o aLE axo 555les jud

]

o= it o e L7 i o Z ) O AT
= v AT (F 1 ) T md o omasoad-y 0 i e T e o oV (T E R0 (e

-~ - ” = - ~ .
NS 0 <Te of me enP g el e of S il

s ter g s g TR s o2 ata
2 fer  ofor ol
. ) b QA cOcfer Q4 45Y oY o5
A5 s 05 X

¥ P

' Jn. ”n
3 N
. &

ae'el ° &
& Y
o &

g\ - !
& g &

w'e) T mw

v v

04

’, - -

s A A (F 17 0 90 T 5 omagsoud -y~ 35 0 i e ©em{” =57 5 B O F R (AT 0@ i <O et

= ey rtferm sgdeg Faderg fuderpg
olor olove elor olow S5
SELU T S A TS ST A E P L L .3 5 o1 57 o 5 . 5%
N i ~ - <] .S
i y <) = ] b
: g 1l —” 4 R
4 R § nw» I ° s 4 8 B
m. ¥ .” y 2q e > -+
] N - 5 ~ D = p -
1 b e & » e e
.ty o K qe J-
- ! 't qe T
qe v
L 8 7 SR qe 4
av \ 4 N s

e

-

e (e g of

Woov

')
oo.*
on.@
'y
oo.-f
AL
)
L
ey

-3

«=‘0

i¥m?2 e (me® o)

e M e (D )

e oy (rp )

'Y



... Azolla filiculoides ;! abol> )l gw jil ow )y

V-1V Olio 1F4Y 3l VY oyl cppams Jlo (2L oo 559092 78

K. prostrata « 5 5558550 slaamsin n S 5 5 g bline 5w b G 31 bl 4 e if J g

Srsx G ol o S s
laaas
;v:il:"’ el J-<-'L- s J«-<4l~° a2 P
F ol . F ol ] F ol . S350
Sl e 31! Sl 30l Sla 3!
AL \/ gV q §/A L V/44qv#* Y Y/0V+ £/YVe® v oS plis |
Y/YAA o/Yay** q Y/ENY o/vox* ¥ /YA Y/AE TS v aioy Jsb
035 S
YArEd Y/OYAY q WAFTVOEA VoW i AR AZARCRRR VIR Faes Al sl gl
oS
03 55 Cnt )
oYy e q AT nme ¥ Vel Yoy ¥ T
“
Slagre LslE pde NS +/00 c}a.u BENT SISV VAN c}a.u 03 I3 e e
— (Bromus tomentellus) S, —dle 5 (sativa Eou

sl

AS sls DL iy pl 5l edel Cos 4
3 S8l RS ol RGeS o ety
LS e p 510 50 w53 55 5l s Jles
et bo ol oS ol s oS T feily 2alS
Lo (Y414) 01, 5 Tavanapoor e

O L8 Ol (S Bl ol
Ol b (ol by Ao s YO) i i Cow
ol S LS b e e O e e V)
S il L B alS e OLES 2alS
Rezaei s Abbaspour z= b sle a5 ool i
S iy HLghl Oliizes 3l (gl .ol (Y21 8)
DA ey e (58 Ul e o fals
o5 dlesl by ladss, Colda JLals 5 iy,
O s s falS D 5o 5 25 g0 o] (S
5 Si i S oS &S Sl gl s |
ey S Ol el 2,8 e 13 ST sS
el a5 S e Iy S ladi s, S aney
L5 (Fateh, 2012) das oo S 1) G 00 s o

Y

S N3P s (NI glaasis
o onl o3 1l e sl < Kochia prostrat
oealS clasis, culas ( S bl b cou
G g 2 e Rl Sl oS Jl s 3L
D Ml 5 5 KaS G 8 Cs o (Sli, Colda
Aol ol s Pl 5 olS b, 0bsl S
o Lo, OA ates b glais, Colda Jals
Nohong and Nompo, ) 4> S oLS i jials
L alin jpline oy 25 Ll 5 Cos oS (2015
oalS gl ass, culda | i A5 e Ol
i s 5 S e a5 S el
(Akhtar et al,, Lo L s o5 08 S S sl
A3l 2014)
das e 0L ol G 3l edal s & il
e S (S i Ll o gd e S
Ul e by el sl e oS SIS OLES 1y (sl
G (S i 4 olS ) ()85l 5 ceslas
b ol s S (15 o g 3,08 0
5 Abbasnasab -ls L sen Le b a5 5 p®

Medicago ) 4= 3 4o 55 (55, — (VoY) OLLSKen



V-1V Olxio [1F4Y 5l VY o)l (e Jlo (LS Jouxo 559792 78

002 g (500> abld

Bromus ) Se—iy i le slaa S 3
c—alks (Medicago sativa) «= 5 5 (tomentellus
5olS A e daly A e s il
31 35y SLs mlas ay st il 5l s
S e Dl S w3l o .(Bhattarai et al., 2015)
Las 5,03 oS Ay 5 Jguames 3 Sas 5 5lr o
S s O S Cands 3 4 by e
Jeffery ) el iy (gdse slpe 4y o s 20058
.(etal., 2011; Hossain et al., 2011

b e i ol Sl el s =l b
5,10 ol sxe 3L KL prostrata 4,8 abs; Jsb
=t Iab ol 5o Rl L aS wer s
50Imo a5 8 eSS el es, S luy il
33 S Cde S Cdls e (Y1) O, Kan
s Ol8 o 1 Dbrsm 28 s alsy (55058550
OImo ) sls ol St glaaasiie j5 a5 Lo
Cud b Lo s Y0) Wil LS ces s (et al, 2016
b hals iy dsb (el

0355 T3 SRS o ge 5t sy o
s Abbasnasab = alaly ol e a s i,
Medicago ) a= s 4S5, » (VoY) 0L Ken
S 03 L aS sy lae ol g 50 (Saliva
EE LS S oy SRl oS als ) 035
S = (Y ) 0L 5 Van Zwieten 5>
Raphanus ) e 5 Jilasl s, e aLS Glae S
Ls— 5 (Triticum  aestivum) p._S (sativus
U K58 .l Gidie (Sorghum bicolor)
Jeolse 0T sla Sis 5 AS a8 5 b
g5 Ol ssm 5 rsm M5 Bl il il
ALS 658 g5 Ol G me Ol Gl g 45l 3l
s (S Bares Ll 3 5 S gla S5y s
Chan et al., 2012; Schulz et al., 2012; Jeffery et )
.@l., 2009

¥

G 3 Jeole il oS 550 0Ll (38 Vol
= (Y210) OKen 5 AKDtAr sl b g 00>
RO fJ.;f 4..2}§ S

O35 Ldd Fals oo A Gl A 03
adaly ol ool LS ol pll a3
s Zoghi 5 (Y+\4) ol,LSa 5 Tavanapoor ol
Jlasl L a8 55 e opl dge (Y414) (0], 1Kan
LS ol il o355 s 055 (SE A
OIS o s 28 ol W Wl s il el
w3 LS as sy JWEl ralS 5 badsy O ates
(Y+Y )0l Lea 5 Rodrigues bl oh e
00228 ol Tl Ly ooyt el 53 ol et
e ol 5 lsa il en 5 a3 055 e
e O s s ce kl a5 (Kiprostrata)
(Y1) 0l,Ka 5 Tavanapoor .l Sl
) OL,Lea 5 Saxena «(Y+14) Ol,Kea 5 Zoghi
s ol e (YoVY) O 5 Carter 5 (Y)Y
2t oo Dl oS Pl 035530 45
el o355 S 058) (S 050 amasiin
S 31 A e D e 5 s (gl
23 gl A S2

o e 53 oS il S Al s
OALS o Dl 2,08 s 8L LAl S
S L5 S ool Slaizs ki Sy cpl p A5 S
Sl s oM sl ol 13 et bl e
e S 55 T g Bl 2315 oS
Rehman et al., ) 555 s oLS gLl 5 s, sl
s Tavanapoor =L o ol =l .(2016
Aobl g8 glaa S 5o (Y1) 0L s
i S o le 4 S (Festuca arundinacea
— (Y1Y4) 0, ea 5 Zoghi « Festuca ovina
Quercus castaneifolia ) s3la—l Jg —
S = (V7)) 0l,LKea 5 Abbasnasab (C.A.M



... Azolla filiculoides 3l abols > gu il oy

V-1V Olio 1F4Y 3l VY oyl cppams Jlo (2L oo 559092 78

S 2 hes il b 53 0 510 b
S omlin e U015 e oS sl eals OLES
Cole LIl adlas 5550 58 SIS il
st Ol or hass ol Sl edel s 4 il o
0 IS Pl S Ol gie a5l s Sl eslinad S 5y

e (Gl a3l (63l S il g e S
oS Jayl 3 53 oS ab ad) 55 Ses S
35 oo an UL oS bl glapkldlg o
St sS85 sadle o, Shas 5 ias) sl S
Ay gladasiie s g Cgr S L o 540

23 5o e5lia]

2§ S o
Cils JLgbl Ol o B8 S sy
=l il st ) (S350 5 59 A 5
23 o=l s Gdss ol s Koprostrata 58 (LS
DS 4l g oS Ml 035380 S el
S ass sl S5 sladasiie 5 s o gl
LS s sl Jrals 1y S s 5l s e
b o sloal aeldl Jal 2 g b Sl
g S Wl ) age LB Sl SEs i3
L bl s ol Shags 5l edal s & =k e

DS S5 s pdsh e Saaasiin by U

References

Abbasnasab, Z., and Abedi, M. (2021). Effect of biochar on some morphological and
physiological traits in Medicago sativa and Bromus tomentellus. Journal of Plant Process and
Function. 10(41): 145-156.

Abbaspour, H. and Rezaei, H. (2014). Effect of Gibberellic Acid on Hill Reaction Rate,
Photosynthetic Pigments and Phenolic Compounds in Dracocephalum moldavica L. under
Drought Stress Conditions. Journal of Plant Research. 27(5):893-903

Agegnehu, G., Srivastava, A. K., and Bird, M. I. (2017). The role of biochar and biochar-
compost in improving soil quality and crop performance: A review. Journal of Applied Soil
Ecology. 119: 156-170.

Akhavan Armaki, M., Azarnivand, H., Asareh, M., Jafari, A., and Tavili, A. (2012). Effects of
water stress on germination indices in three species of Bromus. Iranian Journal of Range and
Desert Research 18(4): 558-568. doi: 10.22092/ijrdr.2012.102192

Akhtar, S. S., Andersen, M. N. and Fulai, L. (2015). Residual effects of biochar on improving

growth, physiology and yield of wheat under salt stress, Journal of Agricultural Water

Management 158: 61-68.

Akhtar, S. S., M. N. Andersen, and F. Liu. (2014). Biochar enhances yield and quality of tomato
under reduced irrigation. Agric. Journal of Agricultural Water Management. 138: 37-44.

Alvani, F., and Dianati Tilaki, G., and SADATI, E. (2017). The effects of priming with acid
ascorbic on physiological traits of Taverniera cuneifolia seeds under drought stress. Journal
of Rangeland. 11(3): 294-305.

Asadzadeh, A., (2006). The effect of using superabsorbent hydrogels in reducing the drought
stress of olive fruit trees, 160p.

Bhattarai, B., Neupane, J., Dhakal, S. P., Nepal, J., Gnyawali, B., Timalsina, R. and Poudel, A.
(2015). Effect of Biochar from different origin on physio-chemical properties of soil and
yield of garden pea (Pisum sativum L.) at Paklihawa, Rupandehi. Nepal World Journal of
Agricultural Research 3: 129-138.

Blum, A., (2011). Plant water relations, plant stress and plant production, pp. 11-52.

Bouyoucos, G. J. (1962). Hydrometer method improved for making particle size analyses of
soils 1. International Journal of Agronomy. 54(5): 464-465.

Bower, C.A., Reitemeier, R.F., and Fireman, M., (1952). Exchangeable cation analysis of saline
and alkali soils. Journal of Soil Science. 73: 251-262.

[



V-1V Olxio [1F4Y 5l VY o)l (e Jlo (LS Jouxo 559792 78 OlyKop g (5 0w aabld

Bremnner, J.M., and Mulvaney, C.S., (1982). Nitrogen-total. Methods of Soil Analysis. Part 2.
Chemical and Microbiological Properties, (Methodsofsoilan2). 595-624 pp.

Carter, S., Shackley, S., Sohi, S., Suy, T. B., and Haefele, S. (2013). The impact of biochar
application on soil properties and plant growth of pot grown lettuce (Lactuca sativa) and
cabbage (Brassica chinensis). International Journal of Agronomy. 3(2): 404-418.

Chan, K. Y., and Xu, Z. (2012). Biochar: nutrient properties and their enhancement. In Biochar
for environmental management. Routledge. (99-116pp)..

Dianatitilaki G, Pichand M, and Sadati S E. (2016). Effects of drought stress and seed hydro-
priming on some morphological, physiological and biochemical traits of Cymbopogon
olivieri Boiss. Journal of Rangeland. 9(4): 304-318. https://www.sid.ir/fen/journal/
ViewPaper.aspx?id=568243

Fallahi, H. R., Kalantari, R. T., Aghhavani-shajari, M., and Soltanzade, M. G. (2015). Effect of
super absorbent polymer and irrigation deficit on water use efficiency, growth and yield of
cotton. Journal of Notulae Scientia Biologicae. 7(3): 338-344.

Fateh, H., Siosemardeh, A., Karimpoor, M. and Sharafi, S. (2012). Effect of drought stress on
photosynthesis and physiological characteristics of barley. International Journal Farming and
Allied Science. 1(2): 33-41.

Gavili, E., and Mousavi, S., and Kamgar haghighi, A. (2016). Effect of Cattle Manure Biochar
and drought Stress on the growth characteristics and water use efficiency of spinach under
greenhouse conditions. Iranian journal of water research in agriculture (formerly soil and
water science). 30(2): 243-259.

Guzman, C., Autrique, J. E., Mondal, S., Singh, R. P., Govindan, V., Morales-Dorantes, A., and
Pefia, R. J. (2016). Response to drought and heat stress on wheat quality, with special
emphasis on bread-making quality, in durum wheat. Journal of Field Crops Research. 186:
157-165.

Hossain, A., Sarker, M. A. Z., Hakim, M. A., Lozovskaya, M. V. and Zvolinsky, V. P. (2011).
Effect of temperature on yield and some agronomic characters of spring wheat (Triticum
aestivum L.) genotypes. International Journal of Agricultural Research Innovation and
Technology 1: 44-54.

Jeffery, S., Verheijen, F. G., van der Velde, M. and Bastos, A. C. (2011). A quantitative review

of the effects of biochar application to soils on crop productivity using meta-analysis. Journal of

Agriculture, Ecosystems and Environment 144: 175-187.

Lehmann J., da Silva J.P., Jr C., Steiner C., Nehls T., Zech W., and Glaser B. (2003). Nutrient
availability and leaching in an archaeological anthrosol and a ferralsol of the Central
Amazon basin: fertilizer, manure and charcoal amendments. Journal of Plant and Soil,
249:343-357.

Nabati, J., and Kafi, M., and Rezvani Moghadam, P., and Masoumi, A., and Zare wehrjerdi, M.
(2011). Effect of Salinity on Morphological characteristics, yield and yield components of
Kochia (Kochia Scoparia L.). Iranian journal of field crop science (lranian journal of
agricultural®°sciences).  42(2):  735-743.  https://www.sid.ir/en/journal  /ViewPaper.
aspx?id=262093

Nazarli, H., Zardashti, M. R., Darvishzadeh, R., and Najafi, S. (2010). The effect of water stress
and polymer on water use efficiency, yield and several morphological traits of sunflower
under greenhouse condition. Journal of Notulae Scientia Biologicae. 2(4): 53-58.

Nohong, B. and Nompo, S. (2015). Effect of water stress on growth, yield, proline and soluble
sugars contents of Signal grass and Napier grass species. American Merican-eurasian Journal
of Sustainable Agriculture. 9(5): 14-21.

Olmo, M., Villar, R., Salazar, P. and Alburquerque, J. A. (2016). Changes in soil nutrient
availability explain biochar’s impact on wheat root development. Journal of the Plant Soil
399: 333-343

Polat, E., Karaca, M., Demir, H., and Onus, A. N. (2004). Use of natural zeolite (clinoptilolite)
in agriculture. Journal of Fruit and Ornamental Plant Research. 12(1): 183-189.

\ld



... Azolla filiculoides ;! abol> )l gw jil ow )y V-1V Olio 1F4Y 3l VY oyl cppams Jlo (2L oo 559092 78

Rajapaksha A.U., Chen S.S., Tsang D.C., Zhang M., Vithanage M., Mandal S., Gao B., and
Bolan N.S., Ok Y.S. (2016). Engineered / designer biochar for contaminant
removal/immobilization from soil and water: potential and implication of biochar
modification. . Journal of Chemosphere, 148:276-291.

Rashti, M. R., Esfandbod, M., Phillips, I. R., and Chen, C. (2019). Biochar amendment and
water stress alter rhizosphere carbon and nitrogen budgets in bauxite-processing residue sand
under rehabilitation. Journal of Environmental Management. 230: 446-455.

Rehman, M.Z.U., Rizwan, M., Ali, S., Fatima, N., Yousaf, B., Naeem, A., Sabir, M., Ahmad,
H.R. and Ok, Y.S., (2016). Contrasting effects of biochar, compost and farm manure on
alleviation of nickel toxicity in maize (Zea mays L.) in relation to plant growth,
photosynthesis and metal uptake Journal of. Ecotoxicology and Environmental Safety,
133:218-225.

Rizwan, M., Ali, S., Ibrahim, M., Farid, M., Adrees, M., Bharwana, S. A. and Abbas, F. (2015).
Mechanisms of silicon-mediated alleviation of drought and salt stress in plants: a
review. Journal of Environmental Science and Pollution Research. 22(20): 15416-15431.

Rodrigues, J. G., P. M J. Edvardo, B. Forner, and F. Angeles. (2010). Citrus rootstock response
to water stress. Journal of Scientia Horticulturae. 126: 95-102.

Saxena, J., Rana, G., and Pandey, M. (2013). Impact of addition of biochar along with Bacillus
sp. on growth and yield of French beans. Journal of Scientia Horticulturae.162: 351-356.

Saxton, K. E., Rawis, W. J., Romberger, J. S., papendick, R. 1., (1986). Estimating Generalized
Soil-Water Characteristics from Texture, Journal of Soil Science Society of America, 50 (4):
1031-1036.

Schulz, H. and Glaser, B. (2012). Effects of biochar compared to organic and inorganic
fertilizers on soil quality and plant growth in a greenhouse experiment. Journal of Plant
Nutrition and Soil Science 175: 410-412.

Sohi, S. P., Krull, E., Lopez-Capel, E., and Bol, R. (2010). A review of biochar and its use and
function in soil. Journal of Advances in Agronomy. 105: 47-82.

Tavanapoor, R, Dianatitilaki G., and Abedi, M. (2019). Influence of Biochar on soil
characteristics and drought tolerance of two species Festuca ovina L. and Festuca
arundinacea Schreb. M.Sc. thesis, Department of Natural Resources and Marine Sciences,
Tarbiat Modares University.

Van Zwieten, L., Kimber, S., Morris, S., Chan, K. Y., Downie, A., Rust, J. and Cowie, A.
(2010). Effects of biochar from slow pyrolysis of papermill waste on agronomic performance
and soil fertility. Journal of Plant and Soil. 327(1): 235-246.

Vemmos, S. N. (1994). Net photosynthesis, stomatal conductance, chlorophyll content and
specific leaf weight of pistachio trees (cv. Aegenes) as influenced by fruiting. Journal of
Horticultural Science. 69(5): 775-782.

Walkley, A. and Black, I.A. (1934). An examination of the Degtjareff method for determining
soil organic matter, and a proposed modification of the chromic acid titration method.
Journal of Soil Science. 37(1): pp.29-38

Wang, L., Sun, X., Li, S., Zhang, T., Zhang, W., and Zhai, P. (2014). Application of organic
amendments to a coastal saline soil in north China: effects on soil physical and chemical
properties and tree growth. PloS one, 9(2): e89185.

Xiaoling, L., Ning, L., Jin, Y., Fuzhou, Y., Faju, C., and Fangging, C. (2011). Morphological
and photosynthetic responses of riparian plant Distylium chinense seedlings to simulated
Autumn and Winter flooding in Three Gorges Reservoir Region of the Yangtze River,
China. Journal of Acta Ecologica Sinica. 31(1): 31-39.

Xu, C. Y., Hosseini-Bai, S., Hao, Y., Rachaputi, R. C., Wang, H., Xu, Z., and Wallace, H.
(2015). Effect of biochar amendment on yield and photosynthesis of peanut on two types of
soils. Journal of Environmental Science and Pollution Research. 22(8): 6112-6125.

Zoghi, Z., Hosseini, S. M., Kouchaksaraei, M. T., Kooch, Y., and Guidi, L. (2019). The effect
of biochar amendment on the growth, morphology and physiology of Quercus castaneifolia
seedlings under water-deficit stress. European Journal of Forest Research. 138(6): 967-979.

W



