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ABSTRACT

In order to study the nutritional status of orange orchards, Thompson navel sweet orange in north of Iran (east of
Mazandaran province) through CND method, 133 orchards were studied in summer (August). After selecting and as
signing 30 trees in each orchard, plant samples were taken from the trees in a proper time to determine concentration
of the elements and their average yield was measured in the harvest season. By using the cumulative distribution
function (CDF) of nutrients variance ratio model in this work, 27 orchards were considered as the high yielding group
and 106 orchards were considered as the low yielding group. By solving the third-degree cumulative function
equations related to the elements, the related yields were calculated and the cut-off yield was determined 58 ton ha™.
The norms were calculated for 10 elements from average concentrations of high yield groups: N 2.32+0.24%; P
0.174£0.01%; K 1.74+0.24%,; Ca 3.38+0.94%; Mg 0.41+ 0.08%; Mn 40+18 mg kg'l; Zn 45.8+25 mg kg‘l; Fe
199.4+78 mg kg™; Cu 14+6.7 mg kg™; B 80+36 mg kg*. Measured norms showed that K, P and Mn showed more
deficiency in the orchards, respectively.
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1. Compositional Nutrient Diagnosis (CND)



b Lalyy @b 5l polie crnd @)K Cos

Z, =log[x,/ g(x)] ()

V—l(ﬂ) V—1(3) 5

v =mh{"], p=Im{2) ((A))
_ K _ Rg

VK—ln(E),....VRd —_ ln(?

Vy+ Ve + Vi +..Vg, =0 *)
Sl b ) o Sl Vi (398 Ly 5o
(oaloidly +yolie) LSy IS a4 S 3955
dmilone alie jsboay 55 polie plo (slp g bl
A e Al | Slewbre fiwys (F) abaly 055
Sloo 2 (2L SLS 5 ggemme whpmi ol el
(Rg) Sl 5 oailandl (ol 0,8 oo Ll
P N wle ‘_gfala.c 6‘,} Vyx D9 ..\.b‘? )M ﬁ‘ﬁ
Silo YU o Shee b ansl> o o] Jlade a5 sngr olS
Oloeds 5 il oo Vb 3 Shas (el (6l ogllae il
Sl onl 5 oo g (B9, () @z e Sl
Vi Vik Vb Vi b Yoore ciliee polic gl
e yaie o cdale 31 a0 050 o0 ools oyl
gy dlael lea b ooyl clale b 1) aslllas 90 olS
a5 Sol walgs Cawsds () b alfoss asis o,

g 50
Vy = V'n
ly="——
SD
SD SDy Vrt Vi V5 My Laly, ol o
i lre Gzl g 1Sk o 543 SD Ry SD 'k
Olssdy a5 aiie olié jolie b o0,
9 VK ‘Vp ‘VN ‘)‘JSMQSA S G CND & slael

M

Slhae diges a4 bae o8 Caws Veg
yole atlis cipa Iy g Ik dp dy sl oo
odileBly jolis 5 el 5 Jed (3o (2l
Ol 4 G paie SO cdale e s
abl, sl sl L yele IS e
Parent & ) 20,5 o dwwls 1, =(Z, —2,)/8,
ol bl ol Jolw asls (Dafir, 2003

28,5 )8 addllhe 5,50 VYAF L ITAY la s
250 aidls Oglas wal 60, Slee Bl 5l agls
5 GylF e Al sgu> e L e 0 Y £L
Sloaslis 5l ole ols po awlgl 4o (g,lo pdigad yloj 4o
S G0 paiged (hidg Sl (s &S ()l Lo 03,
Y 5SS el AT Ojee pl @ sl plxdl
oo 5| Sy o yo dismd S Bl 5o el
lbize Sl 5l ol Jlo ogee e sloasls
Salejl gl plnl ly 5 )l paised
Sl L sdscens Joli gjluoolel ai gjluoolil
ool sile a0 Ve sl jo HuaSis (hie
Osr sl polis ogr (Sl G 5 0]
oRiws 5l oslitul b g JlalxS's Ko (B9, @ S
by iedlS (g yhed o SzxS ST
15205 alsnogty sty dololb Joo yiasis S
Emami, ) wad 5 puSojlal Gl Jow yogideds
om0 5 ome (2] 5K s, polic (1996
3eoletwl booyeS 0 deed I S agys
bug olac 5 par Jly o) SoHulSanl
Sk il S, Jae il wde oo
o, Slese lie by y ley 4o (Emami, 1996)
To o U5 oSles Laugie ool 5 Bl 5 one
Do odd Al S Sy aiges o 5l AT e
Laogs )l oy Al ke sy a5 dplono
4o (Parent & Dafir, 2003) o &)l 80 § by
(ime g JI ol b SlS 5 S by, ol
S gl oo a8S i o ool digel S g0
3)lge a5 Ba) (ol fou plprear polie chile
Wgd oo ax3)S 5l )3 (Ra) euiledly 25w plgreay
(V) alasl, 31 a5 (Daryashenas & Saghafi, 2011)
E9exo (Aitchison, 1988) <ol acwlxe LB

Pedier Gl 2oyd ez g Vel aloles
S¢=[(N,P,K,..,Ry):N>0,P>0,1--] (V)

K>0,..R4g>0 N+P+K+..=
R4 =100 — (N+ P+ K+...) D)

ol Yokl L ol jole cwan (1 Sle
139 g0 oslo

1
G=[N,P,K...R, Ja-1 ®



e Jobygmell JW5 5 SEL (sl dss Comdg axlllas 1,8 § Oy Veof

Oogy 5l edwl Cawsds gl a4 Sl 5l o Jade
Sype ablhate SB U mls 5 alfuis asas
w5 S Cleogas Gle abal) e 4 Gl
O ,Slas psd (gl 0l B2l aiSls y snelawods
wbj g o5 o Shes ooy S pled g lawlgas
Comd o2 ol 5 (LS50 0, Slee G LS
FOV) FEVy) ol paie 2 bl
FE Vo) FF Vi) R V) <R (Vo) RS (Vi)
5 ambea B (V,) 5 F V) +FS (Vo) oFF (Vi)
Glp ¥ oaz o dolee VY & jgody a5 W0 )8 e
oals i3l (Ry) eailedl Cond G g jaie Vo
5 e yaie o sl ogee 3 Shoe (Y Jyoz) ol
5 OA sse dasyShes ool 3l S el
Slr wsllas b blgas o Slee lyiea Ui
09,5 5xSils 9 0L 5 o5 0 Shes 095 90 SSE
3o 0ol Juols LSe jo 3 VY YL o See
Joles) EL YV slaws Jlots (ygmacali ELVTY £gnms
VE Jolao) ELV-F g YL o Slos 05,5 ;0 (ao,0 VT
(Y Jgoz) i8S 18 oS o Shas 09,5 )3 (ao)o
SlaS 5 g 2l pae Ve gl by g alae bl
Oypods oo a adllaesyge Slel o euilesly
FiE(Vi) =F0IYE FE(Vp)=\AYY F(V,) = 0V/AYF
FEVun)=0AIY S FEVug)=) FVY FE(Ve)=0V/A -
FEVeo)=YFI00 FE(Vie) =0+13A F(Vz)=00NY
0 ey B (Re)=0VF F(Ve)=FV/- ¥
aoa lp ¥ axs Joe RY) el cavsny [Sa
Sl ¥Jgaa 3 mizmen 09 o pre polic
e S s calss als 5 ol ol alo
i Cady bl ez 2l e V-
Sl @y azgi b el oad all (gl o8, JS 5,
slael plgasa obj o Sloe b analr jo ol clald
WpSoe SR @l yele A v 5 a2
Os8,8 a0 b asas o o(Parent & Khiari, 2003)
My slajlaie LSa 0 YU o ,Shes 09,5 nSiboo
Ve Vs Vg Vey Ve V7 Vv Ve V-
AV Jgaz) w05 o0 (Brre gz olael lpiea
3 8% yolie dng slacdbile (ol cnln

30 a8 el dwloes B cuin alaly 5 b 51 s,
solie glaasly Slaje ggeme I aolas ol
‘) r«.m.»-’" o 9 )M slael ;.\J‘yGA w g9 00g) GIL.\.C
a1 ol e (59 5 5l es plaisl oss
Lyl o Slad polie 0l 5SG03 Jao sac
Sy iy 55 Joleo
r2 = |2N + |2p + |2K +...t IZRd )]
Ol PLS aRie diged o lp cnlply
Sl & 4 b3S gy | il ol Sndy
So 1P s basls ol geme oplply witun
S o Cns BV ol3] axy0 b G5 ye moj9
09,5 90 4 5 Slac axal> pled (5l (ROSS, 1987)
&b pes ol 2 Olge coslhaal 5 osllas
slarls Guibjly cans g o Sles o grexS
" < v
Jede bl o,Sles oy S lgige (e
Khiari et al., ) sges S5 ¥V ax ;0 &b pgo lin
Syly JuST l38le 5 Jaore jo oldé polie alfas
Sy90 ELNTY olié ole glaosls cud b g 0o )8
o9y » ogdke (Khiari et al., 20013, b) o (yus
G A by, ddlllhe pl o w@lfas asis
Jelos b wb a S S 5 ol cleailse
Sheolanl b gl sludss consy 5l 553580
L 5 ool (g lel Judotigas jo6 .09 ol Waosls
by dy ploil SPSS 38l o 5 5l eolail

Js s o gblie oS adgl 5T s
SB il a5 o lis dalllae 5,50 dilaie o
Wil Yo S (Sl slyioms 5 009 (o) (i
so8lb Condg  gsige nl Liakha &5 (1 Ja2)
yeba a5 clliS vl 3l S gluds ele

1. Unit-Normal
2. Inflection point



Veev VWA (liae; oF 5L FA 800 o)l 5Ll pole

Olpl Jlads aglais o Jlai, S cov gblie glaS1s 450 mls N Jgo

Table 1. Analysis results of the soils under cropping with the orange in the north of Iran

Trait Minimum

Maximum

Average

Deviation

Abundance percentage

criteria Very low'  Low®  Medium®  High*
Organic Carbon (%) 0.24 7.7 14 11 2 30 51 18
P 1 92.3 28 23 16 8 8 67
K" 23.4 877 300 164 2 25 13 61
Fe 13 51 18 9.1 2 0 8 90
zn” 0.43 134 1.2 2.2 0 3 23 74
Mn” 53 23.7 12.7 3.4 0 0 2 98
Cu” 1.6 6.4 33 1 0 0 2 98
Calcite (%) 3 35.3 16.5 8.9 13 16 49 21
Salinity (dS m™) 0.5 2.4 0.8 0.3 - 98 16 0

1- organic carbon (<0.5), P (<5), K (<90), Fe (<2.5), Zn (<0.25), Mn (<2),Cu(<0.25), calcite (<5),salinity (-); 2- organic carbon (0.5-10), P (5-10), K
(90-180), Fe (2.5-5), Zn (-.25-0.5), Mn (2-4),Cu(0.5-0.25), calcite (5-10),salinity (<2); 3- sufficient range: organic carbon (1-1.5), P (10-15), K (180-
240), Fe (5-7.5), Zn (0.7-1), Mn (4—6),Cu(0.5—1),1calcite (10-25),salinity (2-6); 4- organic carbon (>1.5), P (>15), K (>240), Fe (>7.5), Zn (>1), Mn

(>6),Cu(>1), calcite (>25), salinity (>6); *mg kg™.
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Table 2. Estimation of the average yield based on the cumulative distribution functions (CDF) of nutrients
logarithmic variance ratio

Nutrient element

FS(Vy)=aY>+bY?+cY +d

R?>  Determined yield (ton/ha™®)

N y= 0.004x_‘ -0.623x + 25.56 0.981 51.94
p y = 0.000x° - 0.016x* - 2.364x + 126.6 0.982 18.33
K y =0.027x* -3.692x +128.1 0.982 45.24
Na y =0.0275 x*- 3.5984x + 116.91 0.985 43.62
Ca y = -0.000x" + 0.086x* - 5.510x + 133.5 0.983 57.80
Mg y= -0.000(')96xd +0.042435x%° - 4.644447x + 152.957047  0.968 141.3
Mn y = 0.016x* - 2.936x + 129.4 0.971 58.26
Zn y= 0.014x'Z -2.357x +100.5 0.980 57.73
Fe y = 0.020x* - 3.181x + 127.1 0.977 50.98
Cu y =-0.000x" + 0.067x* - 5.504x + 146.2 0.931 74.55
B y = 0.024x° - 3.488x + 129.8 0.963 47.03
Residual fraction y = 0.025x” - 3.922x + 150.0 0.967 51.07
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Table 3. Reference norms for nutrients related to the average of optimum yields of the orchards by CND method

Nutrient Elementals reference Standard Mean of Vy Reference norms
norms (%) deviation (high-yield group) (V)
N 2.32 0.245 2.88 Vu
P 0.17 0.019 0.29 Ve
K 1.73 0.244 2.58 Ve
Na 0.16 0.04 0.19 VNa
Ca 3.38 0.944 3.24 Vea
Mg 0.41 0.860 1.14 Vg

mg/kg

Mn 41.10 18 -3.53 V Mn
Zn 38.82 14 -3.72 Vo
Fe 199.68 78 -1.92 Ve
Cu 14.67 6 -4.55 Ve
B 81.90 6 -3.18 Vs
5 6.58 VR

Jsbogmels J 5 5o (28 pare Vel Gl g colss aals 5 238 jolie (a3l0 ¥ Jgonr
Table 4. Nutrients index, the sufficiency and critical range for the 10 elements in Thomson navel sweet orange

Nutrient index The upper critical level

The lower critical level

Nutrients index (I°x)

Py +2.35 -2.35
I +13.4 -13.4
i +5.00 -5.00
e, +2.61 -2.61
g +2.26 -2.26
Pyn +1.40 -1.40
29 +2.23 -2.23
Pre +2.41 -2.41
e, +11.33 -11.33
8 +5.36 -5.36
Frg +2.03 -2.03

Critical yield” (ton/ ha)
51.9

1.07

22.89 18.3
11.10 45.2
0.78 57.8
1.81 141.3
1.21 58.2
1.25 55.7
1.16 50.9
1.00 74.5
14.6 47.0
0.88
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Figure 1. Relationship between yield (ton ha™®) and nutrient balance index (r?) for Thompson navel sweet orange
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Table 5. Means comparison of nutrients concentrations in two groups of high yielding and low yielding

B Cu Zn Mn Fe Mg Ca K P N Average yield
mg kg % ton/ha’
80 14 45 40 199 041 3.38 1.74 0.17 2.32 High=71 Thomson
120 17 38 32 231 0.34 4.13 0.92 0.12 2.37 Low=30 orange
Cnmpanem Plat
1.0
h'!lm_
i Cx]
E‘ ca ';'” (=2 o
5 =]
Ul.l
0.5+
-lln *:I! on UIE |I:l

Cmeals 8 JUiS g 53 s olo 3 Shoe L LT alaly 5 ol jolie ol (sloadlin 4 2y Joges ¥ JS5
Figure 2. Curve of principal component analysis (PCA) of nutrients and their relationship with the obtained yield in
the Thomson orange
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