19t Iranian Soil Science Congress
2-4 December, 2025

Ol S pols 0 55 mons 595
1E+F olo,3T 1Y G 1)

ST 9 SB Wodigh g ol o pute

Holistic and Smart Soil and Water Management

FYD-YYo¥ O 3 0l aub @il § 5555l At )
College of Agriculture & Natural Resources, University of Tehran ¥ Roscaron

-5 9 TR 42 LSy o pue @b I (RS il S pAE (590 38 95 39T U S
ST
T 50l Ol e T (Gamgn dne o ) p 05 s oo
Ol (gl qlis 5 (65 )5liS Sojgel g Dlaniod 3 e ol 5 S Sl (iou sale Cin gie & Jotus odingi =)
m.tadayon@areeo.ac.ir  S.sg Sl Sy oyl pl 5l (AREEO) (55,5liS o390] g Slindon oylojlu ¢ w8
S5iS hjgel g Dlidiod olejle (o)l bl b wlis 5 (65,9LaS (bgel 9 Slikios 35 10 ole Cin guie -V

Siddoss g S bl o (Triticum aestivum L.) posS odg sla il o page jl (Sid 25 5 ol 04008
cos (INM) Gladss aal Copoe owyp Bod b o,8 Slisl 0 (VF-F B VF)) dloan ey ol ouies
op LS5 e b ol ol clocSsl B Lo edhall sl O ypods Liales] il ell D) gl
S5 5 (SLadlos S Sl o 5 a0l Samin) Sy b e 3 DIy F) JolS (s bl Juls (Lol (slazdly
3 ety Al Spslyiirnmd sl Jolons (BH) Kraged ool b 355 Eay ON) gy 355 INM Lot Jlor (e 5
o594 ANM Lol ols zals | ails oS 5 jiwgid olie Gd> g,leS wog FHBH oS 5 5 (F) aiwl slaow
i3l Coge FFBH [l 0,5 ol swilonaS] (it zalS o (s pos] palits «polic JUal ogugs b 1, &l 51 ol F+BH
30 D e p oo, YRV palS 5 slasyy, colas (gas,o VWA 4 jiiwgid gawo s VIV (Jdg IS sus s F/A
51 oy 5 st seeeedS 60alS 2& PCA Lilos gl .59y FIFON 51 3Vl aoys OY/F T a8 DI+F+BH
€355, A5 (g il g Sa5es e Slio Sgsps 0 Shae Lai b DIFF4BH Lo ols o)lid Si5 4y Conglio

b (Byre Sas bl 0 Of Cu e slp S5e



19" Iranian Soil Science Congress, 16-18 September, 2025 VP 590 50 YY G YO (4l ol S pole 0,505 cruopd joi

doddlo
Gl L g WS oo s Ol el 5015 65,5l Y gaze s (ol () e Sl ) (G plpredr (S
YYA aYlo ‘;..\..)L wi)l...a La U‘)"‘ ) (Wang et al., 2024) AQJLSA u..@lf ‘) $90 y2 g@b.c )..aL..C uJ.’> 9 oL:f M)
gz p0iS Adg 6l Gz Suogaze oS «(Sabzevar etal., 2021) col Slex Sl 5l yieS Jls a5 e Lo
Corex 2l 5L el (gl S oo el 1) Ble IS o ,s YY) sgus 4 auiS (El Kenawy et al., 2024) 54 oo
5ol sise (b ol L Ullah et al., 2024) wil atsls odss maliil aoys £rosgam Ye0e Jlo b ol ol 4 s,
JUsl g piiwgzs 25 ol (Singh etal., 2024) W)l 13 Sas byme o ad, Lol Jolie o paiS cotS 5 25
3 olesee eolatwl .(Qiao et al,, 2024) Wb oo ol Lo)S g (5,98 diile agl Glo i b g oS 0 JSwe |y yolie
30 pasS golaidl ojb g 8,50ee o |, DI g INM &Il g cpl (Akol et al., 2024) sas ol38l 1) pusS (5,50l

g, g olge

Ol 98 Qb e Glamisge Slimwg, 5o OF-TAFY 5 AF YT e (ely) Jlo 9o (o (gl 0
Vebe g oY Glages 5l SB (6,0 paigas et 5l i ol Lol LS S cobas 4 glas 0 50 ool oo,
@l ab w3z )b b e 5 65,3laS Slidod 3550 oBilel 5o lal o Wiged ol jenay g plonil e il
0351 olz ol e el 59y 9 b (39555 polie 99005 5 o (T osle Vi (5558 (o pgd Sl )l S ol L
@ pglie 5 y095 45 Y-pliez o8y poiS lalojl cal po 09 S s QL Sz slas caias LA SAR (asls
lejl gyl ad caS ol e 5o el VT alall b placins; jo B8 50 0SS Ve L oS15 L cele S
g e 99 53 (SaS 5 el Jele s S 12l LSS e b (Bola JolS Sk B 3 ouds B sla ST D g0
L 1) s,k 5 ady Juab Jobo 53 LS 50 carayie OYFFIFA) ol 5L U5 (el L sl lgieas (FI) JulS” (5]
alo ol b « jazmiy wibe Shmu pé Jolhe 40 a5 (LS ,o cuShyte YOFI/FA) LT 5Ls do ) £O sgu> sl
Ot elss s [z 5 INM) gludss iils Cupae (o8 Jole s Jloel s o g (SLadlos 3 51 ey g ads
5 ey Sk Ssls sl (5L gl (7 e Sioged sl 5 955 Gy (¥ (L) S5 (5031 (ol 2 aige 035
9 38 Gl TDR S b S Cush) 09 Saged sl ol oty 995 Cun 5 (22 Jslone oS 5 (F 5 aneel (sloan!
0 Shos iy « Syigl it Slao el olys cd )b lul ol Sl alre 5 SL i b elel Supee
w5 OSI gesl oS pe ulils el b bl el s i wd gpSojlul ol Bpae S5 0 Sles (Sl
L85 Dyge Sy smarsg Gy, b oladdl Julo g sl (PCA) Lol slaadlse

oasin lag] iiS e g bayles (Jlo Lol Sl ETE o plosl dllugs slvosls 5 oS 5 il ly Juow caddllae ol jo
B ol s s 1) Yo o8, paiS als g o 0 S0 0 2138 polic clale (D) s LaleS ols olis guls ogi
sloyless g it 20,0 W BT Gl fa jo0 5 e 459, spamilly (90 cale FIL po a5 (6 5bay wols als” (FD)
Ot 9 WOl Sguge FIRFFBH oS5 0 oiga 1) yolie i (F 5 BH) il Jslone o 958 Cuns Jold (slaydss
sl 1) T a5 e Sl DIFFHBH 55 (6,laleS cons () Jgoa) ol odnlice bagiiaty, g G panp jolic clalé
Bejaoui etal., ) aiuS oo SS yolie i g aly ) drwgd 4 15,980 slaz B 5 Azotobacter il s slasgS .ols
539052 Su5lgd ol ¢ (El Bouchtaoui et al., 2024) aas oo o9 |, &l (5,100 § S Lole Sogur ol (2024



19™ Iranian Soil Science Congress, 16-18 September, 2025

VEoF 5o 00 TV B YO ool SIS pale 0,558 crodd joj

Spea YU, Ol Gpae SIS 5005 Cogs |, Joko o,lgs muml Sl (Zhu et al., 2024) sas oo <651 1) jiiwgud
.(Abdelaziz et al., 2023)

Triticum aestivum var. ) suss p p 9 Sz pmolic cdilé 9 ladds Hudli o pow 9 g kel Jbliw g ol &l 51.0 Jous
-Jlw 98 il (Chamrane-2

29 e e 895 ol o2, ool oLy yhund 03959 slowd
(PS5 3S 32 o5 o) (%) Sl <oy
Y.a \Ya 74a fYa YYAa +,¥Va “,7Va Y,4Aa +, Y0, Y,VVa Jols s LT (FI)
\Yb \¥p #Ya Y¥ADb YV ¥a +,YVa ., 0¥3 Y,V¥p Y\ Y,84p sgae (5,1 (DI)
* * ns * ns nS ns ** ** * ujﬁ)TF
il (gl a8 ey 5 o0
\Yb \¥p #Ya YADb VVoa +,YVa ., 0¥3 y,Vop ¥\b ), ¥op aigr 4055 (ON)
\Ab Ydah 7%a ¥.ab \Y.a +,Y4a +,0Ag V,A¥ab «,¥Yab V,7+ab BH
\Ab Y?abh 7%a ¥Yab YYVa +,Y4a +,0Ag V,A%ab «,¥Yab Y,?Yab F
Y.a \VYa 7Aa ¥Ya YYVa +,YYa “,%Va V,443 Y%a V,Voa FA+BH
*% * ns *%* ns ns ns **k **k **k u}.@)T F
YAbc Yobc feabed Y+bcd YYeabc +,YAbed +,07abed  Y,Aébed  +,YVcde V,oYcde FI (J,5)
y¢d \Ye #4d v¢d VYVeg +,Yod oo Y, 7¥d . Yaf Yy, ¥Ae DI
\4p Y?abh 7Aabc ¥YYabc YYoéabc ,Y-.abc «,7+vabc Y,4Yabc +,Y¥bec Y, #Aabc FI+BH
\ed Y¥be  #¥bed vAcd YYobe  +,YVbed  +,o8bcd y,vocd Y¥def  Y,o%ced DI+BH
Y.ab Vab Y.ab f¥ab \Y¥eab ,YYab «,%Yab Y, Vab ., ¥%ab y,Yoab FI+F
v?d Y¥be  7ded Yved ARAT «Y7cd +,oYcd V,¥iced o Yeef V,¥4de DI+F
YYa YAa YYa Yfa \Yoa +,Yoa ., 703 Y,\oa «,Yda V,AAa FI+F+BH
YAbc  Yébc 7¥abcd Ydbcd YYAabc +,Ydbcd  +,évabcd  Y,AYbed  +,¥Ybed V,7Ybed DI+F+BH
** ** * ** * ** * ** ** ** . "F
¥
il Gl ) GolelnS 5l (oAU deeS g ols iul8l g lo sixe jeboay |y wils olie clale FHBH oS 5 pizren
Olon Gleome 9 ol S Ol (ool lgime 5 Glajg, Colde lwgid 755 ¢ Jid9,lS el s DI (So5905 58 Dlao

Sloize g dgue 1) Slijs, Colon g jiiwsd (g IS polae FABH oS5 5 jles (bilie ;o ol ioldl s o FY I,
b slome 5 Sogud sl 055 ) lojed 35,15 fgazme ;0 0g (Gieml i alS Sily aS ols alS ) gy
ol Glis paiS (So5elg b o Shos § 4385 Sgap 50 ) A e @gamme b oS 5kl bl o
«(Triticum aestivum var. chamrane-2) puss 5 59gs jud lao p lagdsi Aadli Co o 9 5 skal sy S1.Y Jgus

J 99 (ko
odax Jomiliy Slgxe Slaiey culun Fwgid & 5 b Judg,ls a Judg b5 Sloss
2dwese)  Spol Ol b @wpe pdew)  2CO0: gy Sw)  peSe) Ly e e)
(5 ojes  (MPa) *) (asb 5o (b oy o (Foi9esS  (Foies

Gl e
V,8+p -+,Yo3 AO,AAa +,YVa YA, AAa Y,YAa ¥,70a Jalf‘_g)bT(FD
Y,\Ya -),Yop V¥, Foa . Y¥b 10, b Y,A0D Y,AYD sgame 6,1 (DI)
*%* ** *%* ** ** ** ** . 'lF

0¥

L EYRE PR
Y,Va N,V ea YA,Ad3 +,Y4b \7,Yoh Y,4+b ¥,.db o 4355 (ON)
V,Aa -+,%0a Av,8ea +,YYab V¥ Y,+0ab ¥,¥.a BH
V,Aa =), 04 v4,f.a +,Y+ab V#,Avab Y,%%ab ¥,Y+ab F
V,00p -+,44g AY,04q +,YYa \V,7.a Y,Voa ¥,f.a F+BH
*%* ns ns ns ** ** ** Qj.n)] F

Jiliso 5t
V,Acd -+ ha Ad,Ya < Yea YA 08 ¥, Yabc ¥,0a FI (J,5)
Y,¥a -\, ¥c YY,d¢ +,YYd VF,Ye Y,Ve Y,7c DI
\,7de -+,Ya A7, va +,YAa V4,4 ¥,Yab ¥,vVa FI+BH
Y,+abc -\,Yh Ya,Abc +,Yope V3,Ab Y,4cd Y,4b DI+BH
\,fef -v,Ma A, Ag +,YVa YA, Aa ¥,Yabc ¥,%a FI+F



19™ Iranian Soil Science Congress, 16-18 September, 2025

VEoF 5o 00 TV B YO ool SIS pale 0,558 crodd joj

Y,Yab -V.%b Y¥,+bc +,Y¥cd VF,AC Y,Ade DI+F
V,Yf -+,Ya A7,0a +,¥4a Y4,Ya Y,Ya FI+F+BH
Y,4bcd b v#,8b +,YVb V7,4 Y, bed DI+F+BH
** * *%* ** ** T
o F

o) oS o Slas slizl g o Slas  (INM) (2l (slaydss oo 5 golel ilide zoha Sl5T (igly ool 5o
S g (et s (e gble VoFIVY) @igy glis ) o 5YL (FI) JolS ()lol aS ols oylias ulis ol gy €Y=l ja»
Dh L;)L“.gﬁlfvf aS Jl> o il olyon 4y 1) (duo,0 VYWVA) &lo iy a0 g (p,5 YIFA) iy ) SUis 59 (Y/F0)
Sl g (St 995 L olyan (3l Joloo 0 )15 sladis slojless e jo ol palS ez JB ek | laasls (ol
QA A Coms AlS gy g Ada) (159 oS p e @l el | dgp o g clilo ) @S (p e (FYBH) Sogin
55 S Ll cod 08 sbul 1) goSbes 5 oo, Slio (sl plie i FABH LI (oS5 o ange

A8 S5 |y Cudils py @sll o (WUE) (3 ya0 olessl g usS ol o b, i e Ol 3l cules DI+F+BH

pus of S pan H g cllo g p3ls (ploga ils 0 Slos g glagdds Al Co poo g bl Jiliss g ol Ol F1A Jgus
Jw 99 mSilee ((Triticum aestivum var. chamrane-2)

ol & pan 1,8 Cislo y asLis (Yo) wbogn 4318 0 ,Slos (P
(cxSoyio 32 0,5 9luS) (GUSe 0 p55ks) (LS 50 0,5 5LS)
Gl o g
VYD Y4,Y%a YAFAA,Yoq 7+AY,Y0a Jols 6)L~T(F|)
V,¥4a ¥Y,Y?a YYAYV,Vap OYAY,0+h sgaoe 5,LaT (DI)
*x ns ol ** o9y F
Sl gl s Cy y o0
Y,YV¢ YVYC YFYFY,0.C OYOA,«d e 4535 (ON)
Y,YAbc v4,%4pc YFaaa,80g dOY8,8+¢ BH
\,Y¥ab ¥Y,V¥ab VYFAF,8h BAY,8.h F
V,¥Ya FY,¥4a VFY.Y,84 FAY7,04a F+BH
*k *%k *% ** - en:lF
0%
V,+Ve Y7,4Y¢ Yo0YYa avYYac FI (J,25)
), ¥ac TV, ¥YC YYALFC FYAVF DI
Y, de YA,YYbhe Yo¥Yoh d4%vp FI+BH
Y, ¥¥he f.,8¥h YYavee Y+ ¥e DI+BH
Y,) ¥de f.,¥Fh YaYdah FYavh FI+F
Y,8¥ab ¥8,)¥a RARRLS d¥$Yd DI+F
ARARYe! 1,+¥b Yovag FYAYa FI+F+BH
V,7fa ¥d,4¥a \REARTS avae DI+F+BH
** ** ** **% . "F
O

L 5 ollae jiiwgid (gdie yolic S5 wdss 4 Slao Luwib )y (p i a5 slo jlas (PCA) Lol sloailye Juloo
oo yal; 4S5 ysbar () JS2) S o mSate |y o] (cde i1 o jlacd (sanadiss (655U 05y hai e ol S O Cng
0oy lagT s g aals oS o ol 4 ooy 60 ,Shee (DIHF DIFF+BH) sladss aali o pae b ol jon (5 LolnS
05 aile ol yolie Cosal 55 (PCA) Lol slaailse Jolos auledioe anli (DInS Lulps 50 oo sl adss
(Tahiretal., 2024) 5,5 0ol 1, ST6S )0 8, Shas 5 yiwgid Conds )5 muwlly g yiud



19" Iranian Soil Science Congress, 16-18 September, 2025 VP 590 50 YY G YO (4l ol S pole 0,505 cruopd joi

3 DI+F+BH
[ ]
2_
DI+F Fl+F+BH
2 [ ] [ J
o 17
c
o
Qo
g DI+BH
o 0 [}
o °
g2 FI+F
3
8 DI °
° FI+BH
-2
FI (Control)
[ J
-3-I T T T
-10 5 0 5 10

First Component

(Triticum pu:s s Shoe 5 1, (INM) (sl 355 adls o e 5 (DI) sg0mme 55l 51 (PCA) (Lol slaadlie Julow (s3kiel jlages .V JSC
w55 (Gwbls ZY78 1) PC2 4 (Ll )y ZAMY L) PCL Lol slaailge Lulul b jless amd oo olai®) Y-ol o> as lsaestivum L.
ol (Siielsed Slao g ails o Slas iy (Spoged Sl + 055 Cuns + (L2l Jslome + LS ()Ll FIHF+BH Loy 455, 5boay cailons
Sl g o] s mals s 68 ik (WUE) OF Gras o5 5 lié jolic Gio sy b DIFFHBH o5 Jb )5 was oo oplis |,
S e ) SaS a4 Caeglie
SIS Ll yd )3 43S n 5 glosm Glsiedr VAT 4l ze 4 gm Carns b DIFFHBH jlos o ols olis 55 solatdl guls

WS o sl (Sas a5 il 5 puiS (6,5l aalil 5o 1) sldss il slas yal Caenl loasdl, cpl ad B jne

PS5 ol a5 e Ol zalS o1y g ol slasil il g (INM) slaudss aabls copoe godS b aalllas oyl
$900 Al iy wloge « 5y paw Latls Wb, LS sgame )kl 4 Cans DIFFHBH jles aes oo olis
Fie 5wl SO lawgie sgame (g Lol a5 sls las g ol il sty BB b 4l clly asls ol G pas
Sgazme (g lal 5l Sz gblie of;)5liS WS oo drogi @l el paiS (Su5als5d ()5 5le i)l 5 O Jo sz adye
SN /o Sga ;o I, S Casb; iy Gl g Jolie jo g aS oolatul (glaydss (Bal o poe b ol yen lavgie
5w oo alS ) Gludss laogueS wold g 1) oS (So5elgeind o Sas (Bali 0,Shg, cpl anle Laa> ac) e

e o il i sl g, 4 G A0+ 5l s |y Ol 5 Jpame (5590 80

&l o 4

1. Abdelaziz, M.S., Niel, E.M., Yahya, A.lLA. (2023). Foliar application of different potassium silicate
fertilizer types and their effect on enhancing drought tolerance, growth and yield of wheat genotypes.
Alexandria Science Exchange Journal, 44(4), 819-836.

2. Akol, A.M., Hassan, D.F., Mohammed, R.J., Al Janaby, Z.A.A., Kadium Abed, M.A., Hussain, S., Nassif,
N., Jaddoa, K.A., Razzag, H.K. (2024). Optimizing wheat yield and water use efficiency using AquaCrop
model calibration and validation in various irrigation and tillage systems under climate change. Soil Science
Annual, 75(3).

3. El Bouchtaoui, F.Z., Ablouh, E.H., Mhada, M., Kassem, |., Gracia, D.R., EI Achaby, M. (2024). Humic
acid-functionalized lignin-based coatings regulate nutrient release and promote wheat productivity and
grain quality. ACS Applied Materials & Interfaces.

4. EIl Kenawy, A.M. (2024). Hydroclimatic extremes in arid and semi-arid regions: Status, challenges, and
future outlook. In Hydroclimatic Extremes in the Middle East and North Africa (pp. 1-22). Elsevier.

IAY



19™ Iranian Soil Science Congress, 16-18 September, 2025 VP 590 50 YY G YO (4l ol S pole 0,505 cruopd joi

5. Qiao, M., Hong, C., Jiao, Y., Hou, S., Gao, H. (2024). Impacts of drought on photosynthesis in major food
crops and the related mechanisms of plant responses to drought. Plants, 13(13), 1808.

6. Sabzevar, M.S., Rezaei, A., Khaleghi, B. (2021). Incremental adaptation strategies for agricultural water
management under water scarcity condition in Northeast Iran. Regional Sustainability, 2(3), 224-238.

7. Singh, H., Kingra, P.K., Pal, R.K., Singh, S. (2024). Impact of abiotic stresses on wheat yield and strategies
for mitigation: A comprehensive review. Agricultural Research Journal, 61(2).

8. Tahir, M., Arshad, M.A., Akbar, B.A,, Bibi, A., Ain, Q.U., Bilal, A., Argam, S.M., Asif, M., Ishtiag, M.H.,
Rasheed, H.U., Pervaiz, R. (2024). Integrated nitrogen and irrigation management strategies for sustainable
wheat production: Enhancing yield and environmental efficiency. Journal of Pharmacognosy and
Phytochemistry, 13(4), 209-222.

9. Ullah, A., Arif, AR., Yasin, M.H., Zubair, M.M., Salman, M., Mustafa, M.G., Khalid, S., Bashir, U.,
Usman, M. (2024). Worldwide wheat diseases, their current status and mode of resistance: A review. Asian
Journal of Biotechnology and Genetic Engineering, 7(1), 139-149.

10. Wang, B., Li, L., Feng, P., Chen, C., Luo, J.J., Taschetto, A.S., Harrison, M.T., Liu, K., Li Liu, D., Yu, Q.,
Guo, X. (2024). Probabilistic analysis of drought impact on wheat yield and climate change implications.
Weather and Climate Extremes, 45, 100708.

11. Zhu, S., Mi, J., Zhao, B., Wang, Z., Yang, Z., Wang, M., Liu, J. (2024). Integrative transcriptome and
metabolome analysis reveals the mechanism of fulvic acid alleviating drought stress in oat. Frontiers in
Plant Science, 15, 1439747.

Enhancing Wheat Resilience and Productivity under Drought Stress through Integrated
Nutrient Management and Deficit Irrigation

Mohammad Saeed Tadayon?, Seyed Majid Mousavi?, Sohrab Sadeghi3

1- Corresponding author, Faculty Member, Soil and Water Research Department, Fars Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization
(AREEO), Shiraz, Iran. Email: m.tadayon@areeo.ac.ir

2- Faculty Member, Soil and Water Research Institute (SWRI), Agricultural Research, Education and Extension
Organization (AREEO), Karaj, Iran.

3- Faculty Member, Fars Agricultural and Natural Resources Research and Education Center, Agricultural
Research, Education and Extension Organization (AREEO), Shiraz, Iran.

Abstract

Water scarcity and drought stress are major challenges for wheat (Triticum aestivum L.) production, particularly
in arid and semi-arid regions. This study, conducted from 2022 to 2024 in Fars Province, Iran, evaluated
integrated nutrient management (INM) strategies under deficit irrigation (DI). The experiment was arranged as a
split-plot factorial based on a randomized complete block design (RCBD) with four replications. The main plots
comprised full irrigation (FI) and DI applied during non-critical growth stages (tillering, stem elongation, and
post-pollination), while the subplots included four INM treatments: optimal nutrition (ON), biofertilizer with
humic acid (BH), foliar application of fulvic acid, potassium silicate, and amino acids (F), and their combination
(F+BH). DI reduced nutrient uptake, photosynthesis, and grain quality; however, INM, particularly the
combined F+BH treatment—mitigated these negative effects by improving nutrient translocation, osmotic
adjustment, and oxidative stress tolerance. The F+BH treatment increased chlorophyll a and b by 8.6%,
photosynthesis rate by 7.7%, stomatal conductance by 13.8%, and reduced proline by 26.2%, indicating reduced
stress. Under DI+F+BH, water use efficiency (WUE) was 53.3% higher than FI+ON. Principal component
analysis (PCA) showed that calcium, boron, and zinc play critical roles in metabolic efficiency and drought
tolerance. The DI+F+BH treatment-maintained productivity, improved physiological traits, increased grain
protein content, and ensured higher economic returns, recommending it as an effective strategy for water saving
in dry regions.

Keywords: Water Use Efficiency, Drought Stress Mitigation, Deficit Irrigation, Physiological Resilience,
Integrated Nutrient Management



