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Estimation of In-season Basil Nitrogen Requirement Using the Nitrogen Nutrition Index

HADISSEH RAHIMIKHOOBY, TEYMOUR SOHRABI!, MOJTABA DELSHAD?
1. Department of Irrigation and Reclamation Engineering, College of Agriculture and Natural Resources, University of
Tehran, Karaj, Iran.
2. Department of Horticultural Sciences, College of Agriculture and Natural Resources, University of Tehran, Karaj, Iran.
(Received: May. 26, 2020- Revised: June. 15, 2020- Accepted: July. 1, 2020)

ABSTRACT

Nitrogen is one of the most widely used nutrients for crop development. Application of nitrogen fertilizers plays
a crucial role in increasing agricultural yield and production. In order to achieve maximum crop yield and
reduce the negative environmental effects, application of nitrogen fertilizers should be based on the dynamics
between nitrogen supply and crop demand. In order to manage the consumption of nitrogen fertilizers, it is
necessary to accurately predict the crop nitrogen requirements at different growth stages. In present study, the
concept of critical nitrogen concentration (Nc) has been used as an effective approach to determine nitrogen
status and estimate nitrogen requirement of basil. For this purpose, basil was cultivated in the research
greenhouse of the College of Agriculture and Natural Resources, University of Tehran, Karaj, Iran. Different
nitrogen fertilizer treatments were applied at seven levels with three replications. Crop dry matter and nitrogen
concentrations were measured seven times during the growth period. Then nitrogen nutrition index (NNI) and
basil nitrogen requirement (NR) were calculated for the first experiment. Results showed that, there was a
significant regression relationship between basil NNI and NR (R?> 0.96). Accordingly, the NR prediction
model was developed using NNI values and day after planting (DAP). Then, accuracy and performance of the
NR-NNI relationship were verified by the second experiment data. The values obtained for RMSE, NMB and
NRMSE statistical indicators were less than 1 kg / ha, 0.10% and 3.10%, respectively, which indicates high
accuracy of the model for prediction of crop nitrogen requirement. In general, results showed that estimation
of crop NR based on the concept of Nc could be used as a scientific and suitable approach for managing nitrogen
application in agricultural production.

Keywords: Nitrogen Nutrition Index, Nitrogen Recovery Efficiency, Critical Nitrogen Concentration, Basil.

* Corresponding Author’s Email: h.rahimikhoob@ut.ac.ir


https://ijswr.ut.ac.ir/issue_9957_10281.html
https://dx.doi.org/10.22059/ijswr.2020.303135.668624

059508 ad% aslh jleolisw! b w0598 Job yo oyl y ol (559 s jLd (Som ey

Talids uizmo ! ol st yg005 " 0gB o>y Al
Q‘)‘i‘ ‘C; “)‘]e‘_\ olKisls s‘ska.ab é.JL.A 9 ngjjl...s 6)5L._9 9 gs‘“‘}"'ef" ouSiiils ‘Gjlél;" 9 6)[.4.)" sw..xﬁe,a as)f A
Ul)"‘ ‘C; ‘ulﬂr‘ olKisls s‘sx.u.la é.:L..a 9 6))5Lw.5 6)3L..‘3 9 ‘5».:..\...@(0 ouSiials « ‘Slla.CvL\ ﬁ}l.c 05; Y
OFRAFNY g 2, SV YARTITS 00,5550 o6 -V PR il o )

cuuS>

o Al 1 53 (SloaisS” Gnd A (S5 555 39S 9 )5 el bS5 3550 olie (S8 n 5l (S s
S i e S 015 3 Sy 3 Shas 5510 1 s 5Ty 53 53gbiS SN pame ] 5
oS S ras e sl 0 5 plnil oS SLALE 5 (49 55 4858 Seoliand olel sl oo (595 SlassS
O3 Chalé pogde (Gipg%y (nl )0 Canl (6500 0y iz Jhe 10 ()59 4y olS 5L 380 o Gl ¢S
03liiul 3,50 (s oL (359 5 S5 (eSS 9 (39 5 Sumdg i (1 S50 3,509, G Blge o (Nuritcal) (5o
2 &y ol oaile (rlo wlin 9 (65)9lsS oy (Slindizd AL 50 oy olS gliie oy el 485 15
0395 Cum ) polie wind Jloel LS5 aw b haw Zda )0 ()59 5 365 e (slajles ad SuiS 090 90 (b 25
(NR) (53955 5ks g (NNI) (5955 a0dis (a2l 5 (5 S0jlail w098 (b Cugh Zudo )0 (505 clale 5 S
(R2>0.96) (5 Joline SsmwsS, abasl, s, ok NR 5 NNI oy cols (i golts i aanlms gl <eiS (gl olons,
o S8l anwgd (DAP) CuilS 5 s 59, 9 NNI poolis 5l oolanwl UL INR sion i Jowe o bl (] 550518 0529
sl azls gl odnl Caws 4y polie .l o Coro pgd S (soosls lawgi NR-NNI akaly o Slee ¢ cdo
Sl s Sl o cnSilin a5 (NMB) o0 Loy ) (slas uSile «(RMSE) U las o paSilis s, o5 el
3 Joe oYL s Kl aS 09 do,0 ¥V g a0 o/V e g LSy 0,5l S Y 5l seS o5 4 (NRMSE) ool

by S olsie 4y Wlgs so Ne page bl 3 NR (passs wols (lis bt IS jsb ay .l (39,555 4 olS 5L 0 51

1¥28 olo LT A o yloud B 0598 ¢l ol S g of wlidizs  Yofe

95 )85 4 (55)sliS SV gaze i )3 (9 SlaseS Bras o pde lp e g (oole

OBy oSl gy Sle (5955 5l i S8bsh (ol (59 8 4das aslh rgaals sWaoly

(Yan and Gong, 2010) 55,5 el JT 5 oleosd (sloseS
2l B8 ol g (59 @ (liee oS Canl S 4y 0y
O3S 800 Ol ) e Sy oul 0old 068 4l b
4d) )1 4055 Ol 59, 5l oS Lawg (395 @i (e
b5 o slecde G ine 3 (S 0s w2lsSS srmiey S
4 4t 50 Sl SB o Slis g el Jeily Gog
ladgS adse g Lol (ro Jol sl g oo S pos jslaie
&7 3l xSk 5 Sl om sl Ol 2 alierd
Ot Sl 383 Py Se o )5 ol )3 (e ks vl e
ol (§5978 LS )3 (950 Sy
S 8590 s omeb sln 6ok (e sla,lSal,
Jad sl ;5 095 pled @95 Jad 5l 0y Juad Jobo )0 oS
Gdo silgs gad Lol el 0 Sleidiy ey Jolsh 50 2595 b
ol 1y O 315 1) 39755 &1 58 n i oS a5 s o

doddlo
ool oS dmgi g 0l 50 e yolis (o St 5 S O350
@ e a8l was oo Gl BN) olS o Sles S & yaie
Fiwgd ol B a5 0ad Sy 50 Jdg IS slgie Sl
el bS50 (3555 SgeS S Bk 1S e g e 5,
Sedor WS p oud 039S g gl AalS il Cudgace
O oy e Bl ol Sed crge i Ol a> Sl A 0 )8
ab delgs oS Sleidl 5o (39 i Slile gex 9 S e
.(Leghari et al., 2016)

alo «SB Jslome 1 09750 paisel 5 Sl slogn
Ruan etal., ) ates olS 5L 5,90 039,55 (el (sl (Sl
bone ely; slSB Lo T dlse olpee a5 ol> ] 51 (2016
a5 0593 Job )3 olS (395 8 S 555l 5 cel oS
S8 Bk 5l 039 SseeS A Cul (5598 Bl o3

h.rahimikhoob@ut.ac.ir : Jsiws ossms s



VoY Jeb 3o ol ol ($59 5 S (Sariien 1)Ko § w9 (0w

Ca ylalS & Cos 50S Gl Brae 2L 05 (o
Eo2S gy cdale (Koo o jle 4y (Umaretal., 2013) sl

A C3 GlS 05,5 n) & barye gon alib )3 b, oS

3 e ) Ll C4 Gl 5l in C3 lals jo aidl
Shs> SraeaS SblS jogas 4 olS il ;0 Gjg s o>
O S Gl Gux wagd g ol Camews Sloul el w5 jlo
9 Syas §ile Aty D)5y 4 azgil axl ;0 09, (o0 e
9 o) dame Hlal dmwgd liwly jo 59,05 055 Co pae
OLS ;o (59,08 Cumdg Gial dajlew S90S, als
Sl L1065 10 (g0b ) Cuwnl 5l Slow s pyaz 4 el
MU Olgie 4 (G590 S5 e (Baliod (el Sl Sua
WS 0t S CusS co lon, olS (6l NNI el 5

Cewl 009

g, g olge

b @l 5 65,9l s p (s SIS )0 Budow ol
FA 5 a2y 1D il (2o b g5 o ol s olfls
s By ko BY 5 4,0 80 ldlyicr Jsb o Lo i
AllS Jl olel ol plol byo mdaw 5 e VYAV gl )|
maind o e o b slasles wim ggi 5l i AXY + dslllas 90
420 hass jshiies g Sl Sy iz i (AB9 5 !
Dl 5 5093 (B g e 4 e Al anome Ol >
Jias 5 Sl Jols (pulitlsa (slosiay ol (555
zoe Job (b g (e Cusb, JBlas 5 iSTasailys) gleo
0,5 clloy diligy Oige a4 ABIS S 4y oauw, olisS
oo Jlams jgmion 5l oslitul b cush) g Lo psiie (onins
TES- Jow g il ofiws lawg il e g HTC-1
AllS o cwliilen sleyial,l (6 S ol .ol plol 1333R
Cogb ) g los (1l (8,5 ploxil 0lo 5o b Cutiguss )l sloole jo
g oS stle az )3 YW/ L plpy oo i a0 0)90 Job j0 (oo
T il oSiws Lo oligS zge Job il .09 auoyo YV/Y
Olime el 0l (6,5 03lwl Cels YT j0 ez O 90
&y o 2 Joile VoL plpoad ol obsS zge Jsb 26
2 &S pol S8l (GBS (pl jo eolitul 8y90 S 39 59, 2
-t i ) baldS i Sl Glodws jisu dilaie oyl
Sl ol &LL(Y) Jguz ;0 S

0585 985 8l § e 0,5 sl 4y (Mills et al., 2009) oS
xS olgad Ay 090 (b ()9 dy ol 5L aS el e
ol 4 olewws (Gislum and Boelt, 2009) »,.5 |13 ol
rolie Cosguze 4 olS Gl (L)l g e aaejls Bae
ol (53,518 DY game ol Szl S gy 5 232
chle g Cundy e Sl oeenlie 5 (695 Ll cal o
s (No) VSl (g e (g9 aloz 5l ol ) (505
Justes et al., ) wloass a5, (NNI) 759,55 adns asls
3 Oher el Jlas (Ne) Sliom (3905 cale (1994
-0 009 Sy S Tas agi 4 i a5 Cenl ol Slse pladl
S gy cdale sgeae (Greenwood et al., 1991) o4
Plénet ) &,3 aile Glizxe LS o N Comdy s sy
Zhao,) s> «(Justes et al., 1994) ~ui5 «(and Lemaire, 2000
Plénet and ) ¢55 5. 5 (Tei et al., 2002) 5,84>45 (2014
8i8 ey el 488 15 colitul 5,5 (Cruz, 1997
e O3 Sl b dgeS st olas 5 (NN (3955
ol GlalS a; Jad 5l lej 0,90 52 50 5 (rere SuaBae S
@i oo Hly chale o Cuns D90 4 2SS )
3o lade S sl olS 5o Slmm (39 s cdale g eud
4 (Lemaire et al., 2008) s5s oo Lo Sis oolo o, Slos
Oliee ki b s NNI (ol o5 ool 51 oy e i
PSS (oo At | ol S8l o (59 od
2l GBS slacesS 5 £ )l 53 ()39, 355 Sa e slp
¥ 59y 5 e wols las Ata-Ul-Karim et al. (2017)
18 052y b Siven NNI a5lis 5 i oS (NR)
9 e slojlas Jlasl b 6,00 B )0 (pizen
LNNE 3L 5 NR (s abal i obS o) Gib (55, 9
Gl ptises Jlo ez b oad cusly,y sbaosls 5l ssliiul
Glosls 3l ssliiul b Jus mwiome mls ol gl sl
5L e 50 (YL C80 sl Cews 4y alal, ols las Jaee
(Wang et al., 2020) s ls 0 0,95 Job ;o g (559,50
el i 48 Lol o 5 Olow e (e 1 o
el Gleelins 00lgil Sl Slare 5 (5 slacs o alo 5l olon
@SBl 5 (Rl isilugylo @lio oo oS (ul o )8
Nguyen et al., 2010;) s)ls zly, Slys> Bras g0
Sl ools lid alizee Cladss gl (Ahmed et al., 2014
glinl wile (5 Ol jew il 10 SIS gess sy oS
aSol @ az g b yuioren (Umar et al., 2013) cewl ol 90l

3 Nitrogen requirement

1 Critical Nitrogen
2 Nitrogen Nutrition Index



1¥A8 olo LT A o yloud B 0598 ol ol S g of wlidizs YoFY

SB (bl g (K5 Oluoguas -) Jou

O Ve Y eSO S G S SO PRI T
) i Ry =) Fo Bl pe)S) oo adew o
o0 o (PH) ’ (3320, (Sigaoy) A T
(e (oS RO o
o[+ AN AN VIS8 V/YY \RIAvd AAVARS \id Y \K

kel F Gl 00,8 oolitl e ¥y Koo d0e 0
B> A Cod Cugh; 3eaS dulre 9 oS a5 &b
15 s k] s 4y S S b, (5,05 g s
o ocly lel O e oas el oledbl
b asbee 5 4ol 3| oy Sos
IWi=Wg,i-W; () akly)
Fogmr¥s e (6l 55kl Of Gliee IW; (368 ala 5o
=hy bl S o pll eV S (59 Wi o(p)5) i
() okl plsl 51 G ol Y5 5o (35 Wi 5 (p)5)
il e

B 5 (el V) glis) 5 lad) SlalS (glaimle;]

595) 5355 Jlosd S b ZuiS 090 95 5o (Bolai LS b
SIS G b 4 bogs o 585 Sledlbl b plowl )55 a4 (o]
Slr o n diged 5 (23355 )b 35S 05 £ wtulo
53 0l oS % Cewlond 03,5] (V) Jyoo ;5 CuiS 0,99 5o
S Y s i S S el 5| g pte il | Gas
el o 5o o)k plral 5l S5l 6l CuysSS
pll b laydy (o) algr 5l Gy 0l aiBn, S mhaw (g,
Ol 2 o aig 0ae YO Jolrs coiS o515 ¢ 6 )5 S wliles
O bl Gl S sl gln b, oyg Jsb jo b Ceds
sshaite (sl plol alljg; ©)g0 @ 55kel Slles (ush,

Olrsy ol CuliS 093 52 49 bgy o Sledbl =Y Jgux

15 pdiges gu,b 3045 7o,
GoREI T < ¥ e Kgh?) goss lojlos calop/osls )i i o)
(&85 51 o 59)) (&85 51 o 59))
ARl NO- 0
VA
vy N1-50
\id o N2-80 “igsyl ol VA
Y N3-100 sls,s el YY [AYAY Jsl
) N4-120 yray
Y.
YA N5- 140
f N6-200
vy NO- 0
VA
\id N1-50
" ve N2-100 FAYAY L5 ol A
vy N3-120 e pyo
YRV oo e ol 10
e . N4-140
v N5- 200
e N6-300

2 eSS Ae) Slilges gl slossS g S 5T
2355 5l (LS p,SslS 100 ) Sland g 5 (LS
0)5).....5 09.‘.@5. ‘OL: .A..f;) oS Sgdsno LJ»QLCLQAJW)J R
"59‘.

Ol ol (559 yiu Hl dulxo

cble il dlie Jole )0 olS (59708 5L awlre <l

slp 3 oy oS Bla Naitical ) (Slye (595

V0) (2lS ladiges (JS 0095 ) Glime s sl

oS ab) 050 Job )0 Jlerd o 5l Cugi Cude )5 (a5 Soe
50 g Jae olfiolo;l a4y coils o 5l ey Wddiges ol Cbls p
g S el YF Gow a0l ,5 il ax 0 Ve gleo b oyl
oS (lse plwl jo 4Bl mezd 39 WA (nj5 e
& (Kjeldahl, 1883) ) Jlalxs s, 51 esliial b 35 o,
et bl peliy g Shed polie 4 ol 5l sl cews

1 Kjeldahl



VeFY o Job 30 ol ol ($59 5 S (Sariien 10 e § w95 (0w

&5 Nayyy OES2 2 p,55LS) 0o 03ls 595 jlos (sl
03,55 Z8l,0 355 a5 (g led sl cBloy ploy 5o (g
2 eSS 0ad Bras 055 IS Niye 5 (LS 2 0 5kS)
Sl g o gdal oaims (las 139 55 <33k S ool (S
Ranjbar) coul ca j dasxe 5 59500 0 5l Giw 00,5 e
dae 4y gk <dblb oLlS ax e aS 6,6k 4 (et al., 2018
SlS 28355 4 8T ant Gy il S5 K
JOMPEEE JENURR S TRETIN

NR-NNI Lalg, soximscons

Sl psd )90 9 S dnwgi gl S ol 0)90 slaools
B o b ooliiwl ode] Caws 4 lalg, PSP
ay) slagasls hug wlS (559, 55 GeedS )0 DYl
0 Jloy ol glbas 1:Sileo (RMSE) las clay o peSilio
5 (NRMSE) ooty Jlo i sllas Slaspo 0255k a2y, (NMB)

2 28,5 alxl (R?) a0
R’= /

2
LoowD
22007 32, ey

O akly)

i=1 \Yi
s |2 0P’ (v all))
NRMSE= O X 100 A AL:;‘))

mad polie Pideosls slass Ko n 58 S¥oleo 4o
L ool svnlive jlade J8las Omin ¢ 28l polas Of conds (55l
Omax «ciliee (slojlosd (e 510 paiged 9, 55 00 (6 S0l
—digel 9, 40 o (5uSoilal b oouds cowline lode iSlas
0dls odalin polie 1 Sile O ¢ caliss slo)loss s (510
als YU polie .l oo (gjlwans polie (WSSl P g
L RMSE s NRMSE NMB (sla jasLs (yasly yolio o R2
ool 5 NR o Gin 5 5le 0S50 Jow YL 8o onums
el NNIT s 0lie

e g o
Jsb 58 Uigrms g olS Sis sogicumy slapalyly &l s
oas 03,91 (V) JSb y0 caiS 0,90 ,o slp b, ol 090
o J.Jg_» o\)yw.u) u‘)—m ‘ow@ odlins a5 )#UL@ w‘
BRI PR U RVE S-SRI L g [T PRYL SRV L YT
O Gl pdised 7l gl po il Sglate jles 2 (6l

2 O3ar Sl dp v Glee 4 (W ST 4 Sl
B Neritical clale « OL.S RO L \35-‘»‘50 é\..ﬁ)f ).la) 5O ol.:f
aoleo ;SJ .L:..uy ;.\.;5) U"‘ JJGA L.\...) w&ls ooyw)
JUSEES ) 895 o i yai (9t (3555 gioie b 4y Ja el
s bl o bu; olS NR (i (] o (et al., 1994
Rahimikhoob et al. (2020)  iwg3 o a8l asws Nc
dle sl Wlgoe Sl Giere 385 o
Candg (d9ed (o5 (il 4 9 (NND) (59 55 4355 asls
Lemaire and ) o,.5 1,8 oolatwl 5,90 oS o 59,5
o) 0,90 12 10 g yure Cuxdge S5 (sl .(Meynard, 1997
S O3ers 4385 gl Geend sl 2y QLS 0B Jad ]
Sogo d @bl ol ogd ce oolaiwl 5e,ms 4 d% el
)‘ O )‘m “i’ ksb‘f °L; 2° (Ncritical) CS"J?U 0)9)"“”
(Lemaire et al., 2008) sg c0 lo iz oobs o ,Slas
NNJ= et (¥ akayl)

critical

pas oaws lid G osae 4 Suoy NNIE polas
Ol Sy 5l S5 polie el ol jo ()59 Cudgase
Ol o5l S polie 5 G395 9>l Gl B pae odimd
L) 039750 d90eS a5 55b dr Canl (39 558 3geeS 00iS
g0 aseive NNI a3l lawgs lgs oo

S jlad ) e Jole po ol ) obS (S35 b
LBl Sl ers cdale 5 (e (oo8ly clale e
bl loead aule) gy plea jd olS esgiien;
Ata-Ul-) 8T oo cows 4 5 bl 5 (%N igiea=4.8DM 0
:(Karim et al. 2017
NR= S a2 (¥ el

T T 1 L IRV
033 ey ; DM o(0u0,0) (359 505 (o28lg dalé Nygyar (2o ,0)
S3a5e Sl IS REY ((GESs » p,Soks) ol 25
solie ol S 52 p,59L5) ol (55955 5L NR 5 (a09)
395 adsy Ll 5l ange lald easms lis yao L ply NR
LS 5L 5 3300 Lasly SR sl NR>0 5Tl 55 25
Bk (2B el olS 5o ()59 5 Slile NR<O 5 ()59 55 4

Fageria and ) 598 oo dswlbre 5 abal, 51 5.5 (REN) (59 5
.(Baligar, 2005

Nag..-Na
REN: fert 3unfert (f @‘))

Nrate

Cedls p oo 53 (5397 e ol Nagy, (F) ala )



Oy o -(Saha et al., 2016) coul ool 5,138 LS o o

sl waldl Ll ey aily Jpamo o Slos 45 28,5 ami
O,l0 CuiS iy g (s

855 il (slo slogs 45 ol s ol s U1 gl

ghe )2 olS 2lse el po gy cbale n ey JB

2 g SBlE Sl (F 5 ¥ Jlaz) culls <100 Lol

dunlin (LSD) jlo cxe oglas J8las a0l el 3 o jles

<l

—8—N0

—H—N4

(LS jo ) SLLS sdgh Gy
-

1¥A8 olo LT A o yloud B 0598 ol ol S g of wlidixs YoFF

e 5 59 doys Bl Sl (g loline glas cilizre (gl jlas
ol 4wl e o) ade ol saalin olS Slis 00gi
1y oS 5Li S 10 09250 (59 a0 ol jo aS all Ldo
ol ol 39y ale 5 e3gtuny ) Cunl 038 (rals
Jsb 55 0oy VOO 501+ ¥ o kS 45 3 FIY B +/F 5 a3
gl 9>y 50 3 Shes 5 adgs Oliee W3g e SuS 0590
oyl )0 GBS Loyl oo ST 5 sy S oylony, oLS
oo g (Zheljazkov et al., 2008) ,LSe ,o o5 FIVF L i,
VFe g VO Ll i Sgagan g SiglsST oS

<)

(1) oL (y5g 0 clalé

=)

15 20 25 30 35 40

15 20 25 30 35 40

SellS 5l e 59
290 Sl (S 9 & Sl Jol els :(cgdﬂ IS (6,10 paiged w2y il (sl jlowd cxd 05958 cdale g S 0095 Gy ) Ol i =) TS

Az ouddd (L dlacl 595 Bg,y2) Jal CuiS (gl pr calizo Glajlowd jo oL Sis 00lo 50 (W0 y0) D990 (g yiend Cdald (uSileo dunny Lo dzei - Jgu>
(Cawl LSD (55leo dus Lo Q}oﬁ

&0 pigad 33,

£\ YA Yo v v§ Y Y\ ot
VVY T VA f Y5t YIYo YIAY YIVE e XY f NO
V/A¥ e Ve Yhae YIYY e Y/ane Y/Aq @ AR N1
V/a4 ¢ YA YI¥- d Y/Of @ ¥y d Y/as < f/f5 d N2
Yo YIY. e Yia- YIS © YA c B fI51 < N3
Y/OY b YI00 b Y/VO b y/ay b Y/A¥ b /¥y b FIAY b N4
YIVY 2 Y/AY 2 YIAA @ ¥/ A ba ¥/a¥ a fI5A 2 f/q. ba N5
Y. Y/Ya @ ¥irs @ Y/F¥ 2 /vy a f/a. a b/-fa N6

b oo (5410 Sro BB 51410 woy0 & Jlin| mdaw jo (glise Bg > 5l 1o b (1Kl LSD Q,.a)'T ool g



VRO Job po ol ol ($59 5 S (Sariien 10 e § w9 (0

Az oaddd (yLid olacl (595 Bg,>) pgd CulS (gl alizko (s jloud 50 oLS CSLiS oolo j0 (o yd) 392 g0 (359 yiud Cale (1 Sileo dus Lo aeuss —F Jgu

(Sl LSD ouKilo duns Uio cyg0 3T

&)l paiged 33, s

Ya Yy Y'Y Yy Y. \te Yy )
i V/AY € AT y/fae Y/g. e Y/fy e fiyy d NO
V/AY d AT y/yy d Y/ofd Y/A¥ d Y/os d \Atd N1
Y/-y ¢ AR Yib-.© Y/VE € Y-y e Yy © fiof b N2
YIY. b Y/ov b Y/AY ® AVRR YNY P YIAA P fIgA P N3
Y/FY @ Y/AY @ Y/. g ba AN Yz @ f/fy 2 f/ay @ N4
Y/-ve Y/-q2 Y/f-. 2 Y/OA 2 Y/an @ /AN 2 INARN N5
Y/fa @ Y/oy @ Y/ay @ /AN 2 f/o¥ 2 O/-¥ 2 INAREE N6

bl oo (5410 Fro BB 51410 woy0 & Jlin| mdaw jo (glise B9y 5yl (o (1Kl LSD Q,.c)’T oobwl

)Lu )J\)LQ.A SJJLCLA )Q w‘ u) )J‘).S (Ncritical) Q‘ )lD!A 9
Lyl Sl N2 g NI slo e (gl o0l ailoxe 59,5
Ol 50 (59 e SgaeS ad .l oLS 50 159 i il DgaeS
adl ioll (Sis oogicanny ialidl g oS wl, L e les
Lylys g0 pgo <o ;o N4 5 Jol ceisS ;o NS (slo Lo ol

395 Slime 5,1 8 oL 5L 8500 (g (el L 5l A
Job 5o ol 5l b Gudate YlS ajlars cpl 5o 00l B pas

] 009 AJ::) 0,99

2ol b 0500 Jsb 5 (S59 LS Dl i jloged

L g o sanlive a5 jshailen ol o0 mawsyi (V) JS
03g9e Zuwl a8l 1alS (59555 5L 095 0,8 5 aal Bl
Lorle cosy @ pgs g Jol oS 50 (Sh9d 5l Sl
2 eSsks [(-varee)-(a-/5%)] 5 [(-¥v/oA)-(Ax/y-)]
2 N6 slajlos slp S59,w 5L8 saie polan .cunl (LS
3 e 0,05 oaimo ylis 290 0,50 ;0 NB o N5 5 Jol 0,90
S lwbiwl oz 51elS 55 (459 5 a5 555k 4 Eanl ()59 72 o510

3

=

'l't —6—N1
2 N2
D ——N3
% i
“?‘L N5
é\ N6
=

-120 T T T T T r . . T \
LS 20 25 30 35 40 15 20 25 30 35 40
Sl 31 e 395 s 31 g 39,

P99 LS (@ eJgl CulS (Al sy 0590 Jgb 58 plom ) (F39 45 55 -V S

5 3lwoolu lp oplplo 05,105 6 ol glas (g Lol a5 5
0 oolisal 5 alady 5| et S e e 095 e
(Wang et al., 2020)
NR=S(1-NNI) (A alaly)
NRANNI lsga5 o 3lae 08 byl S o35 ala o
6135 Bge 595 Jlie )3 (S5 SYolae o Jlaged Eun]
Dl o alaxde 4 jghilan el ol i (F) USSS 5o
Wged slrjg) 9 (B) e e (P<O.01) (5 boliss oz alail
L dolee gl ol oo (A daly) o)ls 0ezg g)lop
ol Cawd 4 /A L plpoas ools b3l

S=9.37DAP-138.53 1 alal))

ol 5ol oau ools ylis (V) JSK& j0 a5 jshailen

ol pogdle o)ls S abaly NNT (L L (5908 995 &
b Gloges card) NNI Glisl 31 5 5558 5L 2S¢ 5
30 (R s oo polie ol 4l 2al58) Loy CbdS
iy dy oliwl b sl /87 51 sis 00l e b (sl 000
£y oy 055 S,l5 5 5| age Ll NNI (el ale
Ol e bl Ll gals cpl soae Jlaie a5 sas e
31 Pse ame 5o el jao bl (595 5l Hle o y90
ot lhe ;08 L ply (6598 Bl 5l ges S5 abal T
2olie (e Sy WS (F) JS 4 4z g5 Lol dalss loged
aS 3gd oo 0dline odel Cewd 4y Laslg, jo o 5l By g s



1198 6lo 5T A oylois (DY 0,99 cyl | S g o Wlidizns Y+F5

20 - 30 - 45 4
? (al o (< [e) (z
15 4 20 4 304 e O NI
o N
0o
O, .. O A N3
10 4 10 4 15 4 e,
A X X N4
)K X.. O Ns
5 1 0 2 0 o X N6
y=-58.21x + 58.26 "o y=-72.00x + 70.33 y=-104.76x + 104.67
R*=10.96 X R*=098 X R*=0.98
0 . : - o -10 : ; 15 ; : A
0.60 070 080 090  1.00 0.0 0.80 1.00 120 0.60 0.80 1.00 1.20
3 804 80 - 100 1
l 60 { O i 604 ©. 6 75 4Q b
N B
Ty 40 40 4 50
Py 0. O-. 0.
‘_’j: 20 A A 20 A “a 25 4 A
L R 0 1 e 0 @,
R0 { y=-7792x 417727 20 1 y=-197.25x+197.29". 25 1 y=21511x+21575".
g R*=0.99 "X R*=0.99 R?=0.99 X
340 T T } 40 T . £ =50 T T T ]
= 060 08 100 120 140  0.60  0.80 1.00 1.20 140 060 080 1.00 1.20 1.40
100 4 8 (NNI) (59 %8 405 25U (NNI) (359 yius 43335 (a5l
G
75 1
50 A
O-.
25 A A,
X,
0 0
25 1 y=-238.64x +238.35
R?=0.99 "
-50 . ; L :
060 080 100 120 140

(NNI) (39 5 4085 (a5 Lis

Bl 5 w395 FIG FA(S D (6 XY (5 Y5 (2 YT (0 XY (. Jol Sl 1 ol y 59y i (sl g 339 s Hbs abul, —F JSUs

3555 5 polie jlate (ool Lol CUAS pgs 0 )95 (slaesls
ol caws 4y Slaalice polie b (V+) alafly 5load 00y
05 oo aimde a5 jshailes (O S5) wiad awylie () alal,
oS o Sl 4 039y b5 e V1) s GlLI Ll SusT,
(oo 0 Shos 5 285 b)) sl el 2 odle el (g3luand o
oel Cewd 4y olie (O Jgoz) ol dculs (g bl sloasle
— o 83 oo oLt |y Condls b e ol il R2 a5 s ol
RMSE  slo asls bawg (gjloams clas e oz
Slp odel Cuvs 4 polie .ol awsle NMB 4 NRMSE
£,55LS YV 5l S (a5 4 NMB s NRMSE RMSE a5Ls
RMSE<1) ailie aonis 09 oy +/V e g a0,0 VY e (LS o
7 0 T S5 S eSS sy ol o) ) (kg hatt
o (IS jeb & (Wang et al,, 2020) el ouds (5,158 5
205 (9 35 eSSl ools i iz la ey
o)l hgy plo a4 Cad (g iy &80 NNI Ll ulal
Stockle and Debaeke, 1997; Ata-Ul-Karim et al., 2017; )

(Wang et al., 2020

250 A

A
R

200 A1

¥=9.37x-138.53

150 4 R*=10.99

100 A

NR-NNT s 40

50 4

0 15 30 45

S 31 ey 335

ColS 51 s 395 9 NR-NNIT (sl 510905 conis sl y -F ST

590) &olop diges 59, S5l DAP s «(3) 4kl o

Joe (A alasl, 5o (1) abayl, (6,138 gl by e (CelS 51

G0y digad jg, 5l (b Glote 4 lou; (5955 Sl eSS
NR=(9.37DAP-138.53)(1-NNI) (Ve alayl)

3leolaiwl b low y oLS NR-NNI doles  riw oo



VeEV o Job 30 ol ol ($59 5 S (Sariien 0o § w9 (0w

4 7 P
; =)
) ) 4 g 5
10 4 20 A 30 A
T 4 T T o T T 0 T
-10 -10 10 2 40 -20 20 4 40 -30 30 q
7
s
& ¥y =0.96x P y = 0.96x 01 ¥y =0.98x
P R2=0.99 R2=10.99 R*=10.99
3 s -,
3, 20 40 66
N 86 = 86
Y 7’ 7’
Yy 2) L7 °)
5 40 A 40
My . 8 . : & .
‘Ei -$0 40 40 0 -$0 40 40 g0
2\ -40 1 ¥y = 0.98x -40 1 ¥y =0.98x
a Rz=0.99 R?=0.99
%
g =86 =86
%) > 106 USSR 3 0,59luS) oo 00 craastd (359 05 jlud
Pl
50 4
o NI
. o N2
T 5 N A N3
1po -50 50 100 % g
O N§
-50 A
¥ =10.98x X N6
. R*=10.99

OLS2 3 0,5 9lS) 0ud 00 (oS (559 yiud 5L

(F bl 3l oo dwlons) pgd ol Flonline yolio b (Y alaly Luwg?) ool 63 (omedss (5358 yius o dunag Gio & JSCib

&bl glogasli -0 Jyux

NRMSE (%) RMSE (kg ha'!)

NMB (%)

(CdlS 5l s 59,) )l0 aiges sloss,

\AR
VY
-IYY
AN
/74
g\
QN

CIVE
<15
g
<1aY
EY:
oY
<A

ol
ol
.l

ﬂ
<0
v

v

% —

Yy
\td
Y.
Yy
Y¥
v
AN

NR- o 85 enl ;55 4y p3¥ ardl .col oods a3 )5 Las
o 5o el Sl g9y cibale dolee 36 cos NNI
3ok S O cdale s ol po Cos 1l

(Wang et al., 2020) coul (5,9,5 ol 51 oolaznl

oo 5 shol ele 39,50 4 ol S 5L (380 (s 5 (i
ol g Sl fals (j9 Srae 6y90,4e Rl Gl
Sl oz Dy, (Regh Gl ol e ) G5
Oj9rs wdss (adll (ulul o olST (S50 5%0 5L (eSS
Ol obS (55,55 5l b (Byre 3 bk 2 s

oas 00ls drwgs Jaw jl o] Cawd 4 bl 4y axgi b

3 03955 995 Lapae sl celin IRl S5 plsie @ g o0
s sl Jglain jeb 4y 0gad oolatul fylou, oLF S
B ol 2 0lS (6355 5L (e (o 9, Shos 5 agi &
S5 oo plml SB )3 39290 (3955 5 oL (59,5 5l o
o,Sles S J> ;o (Yan et al., 2008; Cui et al., 2010)
Sl 18 ool Lyl i 13T o ol 4085 ogdle Jpase
A dolet bl jo Cosdad pas 4y i gy (ol 5l eslsl o
@)l Gh9)) wby Jabd sk 5o (5955 5l e (Jlde o
0L.¢f ..\.w) (5*3‘3 Ja.s‘).u) » d.«.la.uo yAlS s(wbﬁﬁ U"‘ )0 ol
5o obS oogicans ) Jleixl Slyoss S0 Jelge 51 g 00s



Ay slwacd gla Jow b ali colblE NR-NNIT alal) acilxe
ol 50 el s @ alaly SIS bl jelate 4 )ls |,
305 oo Sleiiy ol ol

S35 ool
L (AP VY o)led) sirgh b B o b oyl
Ll )ssS olhsld g lRaess 5l coles Ggare Jlo colos
Sislei oo pais Ul slacsaclus 51 Batus g g Sl 00y ,5

"0, 0929 W g (e &8l (P85 AigSun

REFERENCES

Ahmed, E. A, Hassan, E. A., Tobgy, K.M., Ramadan,
E.M. (2014). Evaluation of rhizobacteria of some
medicinal plants for plant growth promotion and
biological control. Annals of Agricultural
Sciences. 59 (2), 273-280.

Ata-Ul-Karim S, Zhu Y, Cao Q, Rehmani M, Cao W,
Tang L (2017) In-season assessment of grain
protein and amylose content in rice using critical
nitrogen dilution curve. European Journal of
Agronomy, 90: 139-151. doi:
10.1016/j.eja.2017.08.001

Cui, Z., Zhang, F., Chen, X., Dou, Z., Li, J. (2010) In-
season nitrogen management strategy for winter
wheat: maximizing yields, minimizing
environmental impact in an over fertilization
context. Field Crops Research. 116, 140-146.

Fageria, N.K., Baligar, V.C. (2005) Enhancing nitrogen
use efficiency in crop plants. Advances in
Agronomy. 88, 97-185.

Gislum, R., and Boelt, B. (2009) Validity of accessible
critical nitrogen dilution curves in perennial
ryegrass for seed production. Field Crops
Research. 111:152-156.

Greenwood, D. J., F. Gastal, G. Lemaire, A. Draycott,
P. Millard, and J. J. Neeteson (1991) Growth Rate
and % N of Field Grown Crops: Theory and
Experiments. Annals of Botany. 67 (2): 181-90.

Kjeldahl J (1883) Neue Methode zur Bestimmung des
Stickstoffs in organischen Korpern. Fresenius J.
Anal. Chem. 22: 366-382.

Leghari SJ, Wahocho NA, Laghari GM, Laghari AH,
Bhabhan GM, Talpur KH, Bhutto TA, Wahocho S
A, Lashari AA (2016) Role of Nitrogen for Plant
Growth and Development: A Review. Advances in
Environmental Biology. 10 (9): 209-218

Lemaire G, and Meynard, J.M. (1997). Use of the
Nitrogen Nutrition Index for analysis of
agronomical data. pp. 45-55. In: Lemaire, G.
(Ed.), Diagnosis on the Nitrogen Status in Crops,
Heidelberg, Springer-Verlag.

Lemaire, Gilles, Marie-Hélene Jeuffroy, and Frangois
Gastal. (2008). Diagnosis Tool for Plant and Crop
N Status in Vegetative Stage: Theory and

1¥28 olo LT A o 5loud B 0598 ¢l ol S g of wlidixs Y-FA

5 48l ez (39,0 Glime IS Sl ol ) alixe Jolye o
250 el s (Gl 059 555) 039555 Sl 9 b olS
Sljles Cou gy JB b 4 (G595 Sl (IdS 090
W5 (ALl g (J i sl m Al g seiie (6355 Al
el a8l ralS 559,00 3hs ol o g0 dss el
ooty 5l ooliiwl b sse] Caws 4 dlolas i Como s
Sl ond aile polie (Kl (8,5 plaxil pgo cuis
L »lp iy 4 NMB g NRMSE RMSE g, Ll sla asLs
Ol aS W oy [+ 0 g a0 /A (LS 4y 0 S elS ¢ /2]
iyl iz ee Cwl Joe oslhe o Slas 5 CBs onia

Practices for Crop N Management. European
Journal of Agronomy .28 (4): 614-24.

Mills, A., D. J. Moot, and P. D. Jamieson. (2009).
Quantifying the Effect of Nitrogen on Productivity
of Cocksfoot (Dactylis Glomerata L.) Pastures.
European Journal of Agronomy. 30(2) 63-69.

Nguyen, P.M., Kwee, E.M., Niemeyer, E.D. (2010).
Potassium rate alters the antioxidant capacity and
phenolic  concentration of basil (Ocimum
basilicum L.) leaves. Food Chemistry. 123, 1235-
1241.

Plénet D and Cruz P (1997) The nitrogen requirement of
major agricultural crops: maize and sorghum. in
Diagnosis of the Nitrogen Status in Crops, ed G.
Lemaire (Heidelberg: Springer-Verlag), 93-106.

Plénet D and Lemaire G (2000) Relationships between
dynamics of nitrogen uptake and dry matter
accumulation in maize crops. Determination of
critical N concentration. Plant and Soil. 216: 65—
82

Rahimikhoob, H., Sohrabi, T. and Delshad, M. (2020)
Development of a Critical Nitrogen Dilution
Curve for Basil (Ocimum basilicum L.) Under
Greenhouse Conditions. Journal of Soil Science
and Plant Nutrition.
https://doi.org/10.1007/s42729-020-00174-5

Ranjbar A., Rahimikhoob A., Ebrahimian H. and
Varavipour M. (2018) Monitoring Nitrogen
Nutrition Index to Improve Fertilizer Use
Efficiency. lIranian journal of soil and water
research. 49(5): 1189-1200.

Ruan L, Wei K, Wang L, Cheng H, Zhang F, Wu L, Bai
P, Zhang C (2016) Characteristics of NH4+ and
NO3- fluxes in tea (Camellia sinensis) roots
measured by scanning ion-selective electrode
technique. Scientific Reports. 6: 38370. doi:
10.1038/srep38370

Saha, S., Monroe, A, and Day, M. (2016). Growth,
yield, plant quality and nutrition of basil (Ocimum
basilicum L.) under soilless agricultural systems.
Annals of Agricultural Sciences, 61(2), 181-186.
doi: 10.1016/j.a0as.2016.10.001

Stockle, C.O., Debaeke, P., 1997. Modeling crop
nitrogen requirements: a critical analysis. Dev.


https://www.sciencedirect.com/science/journal/05701783
https://www.sciencedirect.com/science/journal/05701783
https://doi.org/10.1007/s42729-020-00174-5

VPR Job 3o ol ol (F59 5 S (Sariien 10 e § w9 (0w

Crop Science. 25, 217-225.

Tei F, Benincasa P and Guiducci M (2002) Critical
nitrogen concentration in processing tomato.
European Journal of Agronomy. 18: 45-55.

Umar S, Anjana Anjum NA, Khan NA (2013) Nitrate
management approaches in leafy vegetables. In:
Umar S, Anjum NA, Khan NA (eds) Nitrate in
leafy vegetables: toxicity and safety measures. IK
International Publishing House Pvt. Ltd, New
Delhi, pp 166-181

Wang, Y., Shi, P., Ji, R., Min, J., Shi, W. and Wang, D.,
(2020) Development of a model using the nitrogen
nutrition index to estimate in-season rice nitrogen
requirement. Field Crops Research. 245; 107664.

Yan, X., Jin, J.Y., He, P., Liang, M.Z., (2008) Recent
advances in technology of increasing fertilizer use

efficiency. Scientia Agriculturae. 41: 450-459.

Yan X, Gong W (2010) The role of chemical and
organic fertilizers on vyield, yield variability and
carbon sequestration— results of a 19-year
experiment. Plant and Soil. 331(1-2): 471-480.
https://doi.org/10.1007/s11104-009-0268-7

Zhao B (2014) Determining of a critical dilution curve
for plant nitrogen concentration in winter barley.
Field Crops Research. 160: 64-72. doi:
10.1016/j.fcr.2014.02.016

Zheljazkov, V.D., Callahan, A., Cantrell, C.L., (2008)
Yield and oil composition of 38 basil (Ocimum
basilicum L.) accessions grown in Mississippi. J.
Agric. Food Chem. 56, 241-245.


https://doi.org/10.1007/s11104-009-0268-7

