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Effect of winter foliar application of urea on flowering, yield and changes of
mineral elements in shoots of Kinnow Mandarin
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ABSTRACT

Nitrogen plays an important role in managing the nutrition of the citrus. An experiment was set as factorial in a
randomized complete block design with three replications to investigate the effect of different levels of urea (0,
0.75%, 1.5%), and different times of urea foliar application (Dec 22, Jan 5, Jan 20) on nitrogen, phosphorus,
potassium contents to evaluate flower characteristics and yield in Kinnow mandarin plant. Samples were taken from
leaves and nodes at 1, 3 and 5 wks after spraying. Results showed that, 3 wks after foliar application, the plants which
receiving 1.5% urea had the high leaves nitrogen content (2.5%) on Dec 22., whereas the highest nitrogen content
(1.73%) of the nodes was obtained in plants treated with 1.5% urea concentration on Dec 22. The highest amounts of
potassium and phosphorus of leaves were reported under 1.5% urea concentration on the 30" of January. It also
indicated that different concentrations of urea are capable of enhancing the number of flowers, promoting ovarian
growth and boosting yield of the crop. The most effective promotion on plant characters had been appeared on the
rate of 1.5% urea concentrations.

Keywords: N, P, K, Urea concentration.

* Corresponding author E-mail: moalleminoor@gmail.com



e Dl s 59 S (2S00l aibin LB Jslone Sl e g ol5ie S YyYy

O 5 05 sioges gl RSl g Glaes
oS Sy 50 09 09l Sale ( SVL 4 gy pe 50
OLS)3 ladss Comdg g 0 Shee (o alail, b ¥
4 00F S 9 S5 I3 sy Syee SO
S fles 5 Gladss Condy o b (Ser SO
ol g edle (Haggag et al., 1995) o)l 594
s W3 o 0] S5l Jslone 45 Canl o ateiie
ogee oS5 GRalidl 5 050 Glds Cundy S5
ohe o LKL (KM & Ko, 1997) w5
Ol i 5l ewg i iz @2 b ye sladisS
51 (Moore, 2001) &5)ls,95 5 aigid S90S e
G55 ,590 31 &5 95 (S S)b ggiie pB)l o
Sl ool Cuwody adslis 9 S (SS)L pB e
Sharma & ) sl ol o)l ool dljls
g CudS (G5, ol (pl pioren (Awasthi, 1990
IS o JAS il 12)35 a1 ogee Casi o
ol Bl 3 olS e bl 5 Ll slacygs
gy Ay 4O gy L 4 axg5 b (Freie, 1992)
2 g il 5l Baa o Slee ulifl y (il
05 9 S p 50 el 9 yied (Gig i polie Sl
g i e e Geizmes g g (5L CS o
Sles (Al jshtedy (59 S )l celie (o

52039 s 3k Jolowe 2

B9 9 3lge

w) SL ey 2 VAT (laws) po Gedow ()
Ol e 5o @8ly JLSe FY Colus 4y (£l 50 egS
P55 €l ol 0 ol s il 5o Jgbys
o 4 )s TYTY e o ol Sty
&y aB by, jo g (Bp 4z FANY Job
YY 5l Galeyl ol yo oyle 13 Jadgs o yliw po
W g yio PxF alold b oS S, alls VYV c o
5 S Ul ol eolatul b Al g5, ool
Jsoz 5 ol @mls g we S el ¢ S Sl

el ool lad )
2 (Ohaxs doys T7) opgl Sl imgs cnl jo
Al ookl NG g e VO s slacdale
Te g olocs 10 wolags Jol ol ¥ 3 sl Jolone

-

400
oy S0 atis ytege 3 e (S
Ol 5 SiS iy gl S5 51 Lo o &5 Wl
JW 5l am SlS e Bl plo b asslie )5 oy
adgi oS ogue odes Julse 51 SO ooyl L8
ol ool b wao)lh ol alie wolS e
5 <ol 2oL sl (Dennis & Neilsen, 1999)
Sopde )3 (ooge RE ey eSS Loy
oy gmls aiS oo Wyl OLS ye jo S0 ads
LS e L350 50 ey pdaw a5 cl ools ol
S QliZ e 50 g gl GRell cwl Gl
Oeizmed g 05 3 Slas p 5o g oaiiSSguze Jalo
oyl yegdle (Khan et al.,, 2009) cowl ogun ot
$lp oS 5l 5l cou luas o)l osls
ol e a5 yebas 0,5 e B jand g (39
Jlisas 5 @l oo Al wiz bl 5o ol
Rosecrance et ) wb oo (iols (nXiw 20, ool
S r o picwle lsea oyl @l 1996
S el Joa o9l el 0ad anogs (4955
5 Comw @ 03> (GO (ohind Jod
Slgo plo oo )0 @ ped (pizen 9 Vb ZuDl>
or Sy Sl Somal gl eat L3 sl
JEl as 0 FO U FA sga o a5 al ooy las
S ol b slaplal ples a0l i
b slee (Khan et al, 2009) o¢i oo (el
b ol ) wilsr wdy g9y 5 S opsl (S
Syt 099> 1) aalS oS 039y e
aS s, 9bay (EI-Otmani et al., 2004) wsiz
QbS50 58 JpazmanS Jlo 5o 05l (5 2 (2L sl
2lE Sl Wl e b s peslals G
Benhamou ) ceul ouls 20l ool als o
{(2011) Akbari Chermahini et al. .(et al., 2004
2bJglone b oo oyhed (b o
Bt R
0,59 ailinnn) (S0l Jolowo aS aizdly jo dbodly Jis 5y
plo Gl crse wBse jsbay wtin ¥ Sase
oys) it slaclile fizmen wd lbS p (39
Ay So o0 (5 olass il comge () 5 40 0)



yYY VWAA g ) 5yles B0 80 ol SLEL psle

(Bhdglme 5l an aiaa 0 5 ¥ ) adie
SrSoill by, Sl g a8 Sjge ()10 paiged
5 SAS slaldle i b Waools ol eolatul (g, S5
rolie S5l awslie jelateds 9 5JUT MSTATC
@0 ey 3l oS g Sp 0 sz lie
dmlis Sz g 2oy ) 5 0 ghe 0 Ske
I oSlac 5 JS shast o Fole Jsb 5 b il
Qo Vg 0 e o 5SSl wiz ee;l

A90,5 solatl

g @b

Sy 0 0g7 g0 2IAE polie

Syt 2 )5 yeSo3ll o Guibyly 5T b
obey Sl as ol gl (V Jgoo) (gome ol
X piges oy (flite Sl g s )lo paiges
ole 5 eBlidsloe oy xs b paises oy wale
e 2 Bldsle plojy xale x(s)lo peigas
Mogne 1Y a3 jand g ey (395 polis
Jsax ol o295 o Sl @l eizen g
ol 5 oyl dilie slackle a5 oy olis
S g el (9 Oliee S 51 (SBLelre
Flg cils 0529 (gl goe Sglas V) maw o Sy
Wisre » Shdsle Oloy xable e it
g Fhe 1) g )0 Sy jaed g el

plxl Jgame n o353 9, 2 A Jlo olego
C3 o Bk bz 5l a3l lediged G 5 03,5
da aa B 5 ¥ 1G5 9 S silulax jlaiea)
oBinlo)l @ 5 5ysleer (oBbdolme ooy
ASasls (55,0l 0aSadls JLEl o9, (sislseied
O polaieds ol Jie Sleal (len wed
3 e Gl g Jsb g pSojlail g (aalS
ol Yo Jsb a) asls Ve A0 Jlo ke
chow 3l gye ¥V Blas gl 5l Bolay &0
S s Jsb s bl ey e SlLLL s e
G S0l Jloms edsS 5l ool b IS Sobs
caols p 3l am iy o Slae sl Sy 00 5
Pxd 6‘]) aMw‘éJg LSLM&:“’ JS )9 LJM
055 5 Sp el 5 sied 655 o3l jplaieas ol
3 Ky eSS, ey 5l e
oy 9 (Wallinga et al., 1989) (wlsblgeladse
A% oolazw! (Chapman et al., 1961) (glales s
Wallinga ) JlalsxS ig,d 55 059, (5 S ol
Slogil e 5l oslizul L et al., 1989
Gl 285 ol Ay 53 (b (pblesil Jlula)
b b B e hyeSt opsen bl
g sl Il IS5 YL solas o5 slassls
slagl; b o a5 sbasls U1 sl

SB T mls Y Jgax
Table 1. Soil analysis results

Soil depth (cm) N (%) P (ppm) K (%)

Organic matter (%) EC (dScm™)  pH

0-30 0.52 8.7 0.043
30-60 0.47 7.95 0.45

2.33 0.95 8.01
1.29 0.97 7.98
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Table 2. Analysis of variance in repeated measure on mineral elements changes in leaf

MS

S.0.vV df N K P
Within-subjects effects
Sampling Time 2 0.523 0.4925 0.0055
Block x Sampling Time 4 0.007 ™ 0.0093™ 0.00005"™
Spray Time x Sampling Time 4 0.092” 0.0619™ 0.0048™
Concentration x Sampling Time 4 0.018” 0.0457" 0.0019”
Sampling Time x Spray Time x Concentration 8 0.03™ 0.1079™ 0.0005™
Error (Time) 32 0.004 0.0065 0.00005
Between-subjects effects
Block 2 0.0005™ 0.005 ™ 0.00005™
Concentration 2 0.569™ 1.427 0.0076”
Spray Time 2 0.084” 0.102” 0.029”
Spray Time x Concentration 4 0.029” 0.062" 0.0032™
Error 16 0.003 0.012 0.00005

ns, **: Non-significant and significant at 1% of probability level, respectively.
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Table 3. Interaction effect of urea concentrations in spray time and time of sampling on mineral elements (N, P, K) in leaf

Concentration (%) Spray Time Sampling time after spraying (week) N (%) P (%) K (%)
1 2.06°® 0.103™m@ 3.329MK@
Dec 22 3 2.22%@ 0.094'm@ 3.221ikimn()
5 1.949¢ 0.1014m@ 2.64°©
1 2.23°@ 0.1165@ 2.96°0
0 Jans 3 2.25%@ 0.091™® 3.06"®
5 1‘95fg(b) O.lolijklm(b) 3.30ghijklm(a)
1 2.14%@ 0.089™@ 3.23"Kmn@)
Jan 20 3 2.11°@ 0.097Km® 3.349nik@
5 1.939(13) 0.102k|m(a) 3.13ghijklm(a)
1 2.254® 0.089™® 3.49°%@
Dec 22 3 2.46°@ 0.106™m@ 3.38°MN@
5 2.4ab(a) 0.107ijklm(a) 2.970(b)
1 2.28%@ 0.1047m®) 3,545
0.75 Jan5 3 2.442@ 0.1169"@ 3.35nii0)
5 2.29bc(a) O.llOC(ab) 3.17klmn(b)
1 2.45@ 0.132°® 3.46%0@
Jan 20 3 2.42°@ 0.203"@ 3.39°f0h@
5 1,954 0.196°@ 3.16™®
1 2.45@ 0.1217"@ 3.697@
Dec 22 3 2.52:@ 0.133°®@ 3.6220c4®)
5 2.43a(a) O.loljklm(h) 3 .Sgabcd(b)
1 2.46°@ 0.094™© 3.670@
15 Jans 3 2.51%@ 0.128°10@ 3.50%¢®)
5 2.08e(b) O.lllhijk(h) 3.18jklmn(c)
1 2.42°@ 0.139°® 3.76°@
Jan 20 3 2.4%@ 0.214® 3.66%°®
5 1.94M0 0.227%@ 3.64%°0®)
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Means in each column followed by same letters don’t have any significant difference according to Duncan test (p<0.05).
Out parentheses letters means comparison overall effects and inside of parentheses letters means comparison of the cut-out method.
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Table 4. Analysis of variance in repeated measure on mineral elements changes in node

SOV of MS
N K P

Within-subjects effects
Sampling Time 2 0.012"™ 0.1117 0.00117
Block x Sampling Time 4 0.007 ™ 0.002" 0.00006"™
Spray Time x Sampling Time 4 0.136™ 0.133” 0.0003™
Concentration x Sampling Time 4 0.066™ 0.082™ 0.0005"
Sampling Time x Spray Time x Concentration 8 0.026" 0.023" 0.0003 "
Error (Time) 32 0.006 0.0009 0.0001
Between-subjects effects
Block 2 0.0016"™ 0.001 ™ 0.0001™
Concentration 2 0.3315" 0.194™ 0.0089”
Spray Time 2 0.1579" 0.429™ 0.0017"
Spray Time x Concentration 4 0.003" 0.023™ 0.0001™
Error 16 0.0179 0.002 0.00001

Aoy0) 9 0 mdaw ;o lo gme WS 0524 g lo gme M| 0.5 1kt ¢ 5 NS

ns, *, **: Non-significant, and significant at 5 and 1% of probability levels, respectively.
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Table 5. Interaction effect of urea concentration in spray time and time of sampling on mineral elements (N, K) in node

Concentration (%) Spray Time Sampling time after spraying (week) N (%) K (%)
1 1.27fM@ 2 449@

Dec 22 3 1.18i@ 2.11M©

5 1.25%@ 2.27'®
1 1.031© 2.31K®)
0 Jan5 3 1.22Ni®) 2.31HK0)
5 1.43bcefg(a) 2.64e(a)

]_ 1.269hi(a) 2.39h|(a)

Jan 20 3 1.4gPcde@ 2.40"@
5 1.40Cdefg(a) 2.24Im(b)

1 1.367"® 2,479
Dec 22 3 1.450cdef(@) 2 .34iik®)

5 1.37defgh(a) 2.37ij(b)

1 1.44ucu9|\au) 2.49fg(a)

0.75 Jans 3 1.25%®) 2.294©
5 1.57abc(a) 2.39ih(b)

1 1.471°%M@ 25 470

Jan 20 3 1.6220@ 2. 64¢@

5 1.50bcde(a) 2.67de(a)

1 1.520@ 2.72%@

Dec 22 3 1.572¢@ 2 4770

5 1.20M® 2 37i)

1 1.56%@ 2.62°@

15 Jan 5 3 1.29fhi) 2,347
5 1.51bcde(a) 2.49bc(b)

1 1.55%0@ 2.62°C)
Jan 20 3 1.73%@ 2 gobe(@
5 1.48bcde(a) 2 '76abc(b)
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Means in each column followed by same letters don’t have any significant difference according to Duncan test (p<0.05).
Out parentheses letters means comparison overall effects and inside of parentheses letters means comparison of the cut-out method
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Table 6. Analysis of variance of the effect of urea concentration and spray time on yield, number of flowers, Pistil
diameter and Pistil length

MS
SOV df Yield Flower number Pistil diameter Pistil Length

Block 2 10.856™ 1.2™ 0.1027™ 0.0921™
Concentration 2 2519.7" 1099.9691™ 1.047 2.5902™
Spray Time 2 1291.277 67.5085 " 0.2605" 0.214™
Spray Time x Concentration 4 1673.77" 62.9986™ 0.0188" 0.0712™
Error 16 6.611 3.9194 0.0311 0.0753
CV.(%) 9.938 8.5502 6.27 3.37

o)) il mhw (o jls pme GBS gl pae BB 5e2g pas i g NS
ns, **: Non-significant and significant at 1% of probability level, respectively.
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Figure 1. Interaction effect of urea concentrations in spray time on yield
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Figure 2. Interaction effect of urea concentrations in spray time on flowering density
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Figure 3. A) Effect of urea concentrations on pistil diameter, B) effect of Spray Time on Pistil diameter,
C) effect of urea concentration on pistil length
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Table 7. Correlation coefficients of the measured traitsin leaf and node

N (leaf) P (leaf) K (leaf) N (node) P (node) K (node) Yield Flower density Pistil diameter Pistil length

N (leaf) 1 006 0.7477 0517  0.609
P (leaf) 1 0556 0.786°  0.443
K (leaf) 1 0.813™ 0.890"
N (node) 1 0.613
P (node) 1

K (node)

Yield

Flower density
Pistil diameter
Pistil length

0.172 0672 0.672 0.945 -0.737
0.889™  -0046 0.211 0.040 -0.473
0.651 0.598 0.779" 0.743" -0.764
" 0.180 0.637 0.742 -0.667"
0.523 0.691" 0.697" 0.648 -0.557
0.149 0.362 0.081 -0.664

1 0.325 0.581 -0.491

1 0.693" -0.557

1 -0.630

1

*, **: Correlation is significant at the 0.05 and 0.01 levels, respectively.
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