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ABSTRACT
The Identification of the factors affecting the yield and edible quality of spinach (Spinach oleracea L.) and
their interaction with the environmental conditions are the most important issues in crop production
management. In this experiment, the effect of three levels of plant density (71, 45 and 33 plant m2), six
levels of nitrogen fertilizer (100, 200, 250, 300, 350 and 400 kg urea ha) and control on yield, growth
indices and quality of spinach was evaluated in the field condition. These experiments were carried in 2014-
15 and 2015-16, in a randomized complete block design with three replicates. The results showed that
interaction effects of nitrogen fertilizer and plant density and year only had Significant effcet on nitrate
content (P<0.001). Nitrogen fertilizer increased biomass, yield, growth parameters like leaf area index, crop
growth rate, and qualitative parameters like nitrate content, potassium percentage, chlorophyll a,b and total
traits while had not significant effect on net assimilation rate and relative growth rate. Interaction effects of
plant density and year had a significant effect on all traits except potassium percentage (P<0.001). The
increase in plant density led to increase in the biomass, leaf area index and nitrate content but chlorophyll
content was significantly decreased. It is suggested that in autumn cropping in Karaj region, and under high
light and temperature conditions, 71 plants m2 and 250kg urea ha* could be better to estimate the aims of
economic profitability for highest yield and maintaining a healthy level of nitrate in the plant tissue.

Keywords: Leaf area index, nitrate, nitrogen fertilization, plant density, relative growth rate.
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Table 1. Some soil physiochemical properties of experiment site from 0 to 30 cm depth.

Properties Soil texture %N P (mg/kg)

K (mg/kg) EC (ds/m) Ph

Soil field Clay loam 0.12 41.2

399 1.8 7.2
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Table 2. Mean daily air and soil temperature, relative humidity, photosynthetic active radiation (PAR)
above the canopy and total rainfall at the study site from 80% seed germination until harvest in 2015 and

2016 years.
Air Temperature Soil Temperature Relative Humidity PAR Total Rainfall
(°C) (°C) (%) (MJ.M2.sec) (mm)
Year 1 14.20656 14.04918 53.36 9.404918 81.7
Year 2 19.75435 23.25652 37.86 13.63172 0
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3 - Relative Growth Rate
4 - Crop Growth Rate

- Leaf Area Index
2 - Net Assimilation Rate
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Table 2- Variance analysis of the studied traits in 2015 and 2016.

Mean of square

. 2 Biomas 22 CGR RGR NAR K NO3 Total
S0V pf  Yield(g/m) (g/m?) LALMI)  omziday)  (glgiday)  (g/m?day) %) (mglg) ~ Chlorophylia Chlorophyll oy oy
(mglg) (mglg) !
(mg/g)
Year 1 4573823.8**  11663.738** 20.7%* 790.87**  0.02509485%*  92.472%*  58074**  15.182%* 192.46%* 19.41%* 433.83**
Rep 2 32829.58 5355511 0.04274 0.841 0.00006036 0.487 0.286 0.035 22.94 3.82 15.61
Density 2 18605866**  183434.4%* 33%* 204.18**  0.00040325%*  12.3** 0.0002ns  1.476** 73.277%* 7.315%* 166.81**
Fertilizer 6 1544124%%  23249.9%* 1.965%* 26.62**  0.00001266ns  0.068ns 236%%  7.08%* 513%+ 51.85%* 1167.9%*
Densityx 12 5753 51.3 0.0171 0.216 0.00002534 0.1637 0.0005 0.131%* 0.878 0.087 1.92
Fertilizer ns .oNs . ns . ns . ns . ns . ns . . ns . ns . ns
Yearx Density 2 73702.93%%  1748.27** 0.573%* 10.50%*  0.00035585**  0.47**  0.0020ns  0.491** 18.45%* 1.85%* 40.93%*
Yearx Fertilizer 6 11888ns 118.98ns 0.021ns 1.37ns 0.000036ns 0.27ns 0.0057ns 0.053** 0.128ns 0.013 ns 0.34 ns
I‘*Faerr’t‘“izDe’“:”s'ty 12 21977ns 286.1ns 0.019ns 0.499ns 0.0000359ns 0.193ns 0.00lns  0.018ns 0.7339ns 0.071ns 1.67ns
Error 80 26000 351.18 0.0351 0771 0.000025 0.181 0.037 0.021 0.858 0.129 1573
Ccv 6.3 5.87 5.96 7.92 6.78 6.40 5.699 5.23 2.76 3.375 2.48

LKk ok

oS3l a5l bl oy S g i Jleiml zolaw j0 )0 me g 4l e yd oS Sy ¥R R NS
ns, * and **: Not significant and significant at the 5% and 1% of probability levels, respectively, based on Duncan test.
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Figure 1. Effect of fertilization on yield and biomas of spinach.
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Figure 2. Effect of plant density on yield and biomas of spinach in two years of the experiment.
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Figure 4. Effect of plant density on leaf area index(LAI) of spinach in two years of the experiment.

5 el solitnl Cugz yo B S mhaw adgi b
e Bige iy sl o (g3iiogid b il
p9d Jlo ;o STy solad 0 Sy o el S
9 Jol Jlo y3 (b Glye 40 Jol Jlo 51 it
S s pali (e yie ,3 4 V) oST5 50 pgo
a5 09 oy ywe j0 ey YO 9 YIVY ClS g

2 @9 VY oS3 lel nl sl Jole b L
Spoghe 23 YL poodle e e
2% e g 9>y 53 035 5 9, Shos (n ylicn
5555 sygn ol oo I3 1, e 0515 35 | el
30 &g dlasy blod 5l a5 conl &S5l 5 slo,bgo

Gl Algy maye o j0 g VY 1S1y5 e axlg



el Cow gliawl o Slos g 0l sl asls (S s oK 5 (55,965 V4

Sl daad (plate OISl o 5l g 0l o g dsyo
ol (Vo) wd jlogme o515 g Jlo Jlite
QLS (§3gm0 Ng) (23355 grhan il b Lo
6355 Jless 50 Jgaze A S (S g ol
5392 595 5% &ye Fe y0 )5 AVY dgu> )3 caals
Ny liSe ;5 0 5ol S YO- Sl YL (055 slalews
ool gl g 0l o5 Jgame oy Sy 50900
JS8) s omd YL 6055 lojless jo (pwgune

(O

[ =
o N b
1 1 J

CGR (g/m?/day)

o N B O
1

30203 VY e a4 S mhaw e ls wl, Sl
h‘).w u.)y )...Q‘; GMQQL.MJ as ..\.u:l_v‘sa r:jé JL...:
s=hi e Jo o Iy o axugs @lp Jaoe

.w‘

(CGR) Jgparmo oy <y
355 ool il aS ologlis SialesT slaols S o 4320

S Jlil gl 58 Jpaze 0b) Sy (3958

a a a a
c b

Control  N100 N200

N250 N300 N350 N400

Fertilizer (Kg/ha)

zliwl (CGR) g oy e pus p 20095 51 -0 JS
Figure 5. Effect of fertilization on crop growth rate (CGR) of spinach.

ailen) Mgl oo CulS o) adaw axly o olaws
(Sr S2 28 slagimw b gladgle s
B Db wiiles) (el); g (are Jalge 2 ogdle
0% W92 3w) (S15 e g 93 Oy (g s 335
YU 35 co ohald (gloatiS (prans Lole d(gelans ol
& e P 8n VY o515 0 Sl cal ke o
ooliinl 5 L )5 450 canbis Comdg onms L
ilos LapSTs plo b anlis )3 (are Jalge |
)18 Flhas (6l iz 5 SldES Slajles 5o
Voo ogaz (6955 Glojled )0 oy g o, Ly
Tobe nlo b aglio ;o JUS )3 055l 055 056l
99 58,850 AP lh DoliS 5 Cewl 009 yie w5955
My powle bl sgzy 5l Sl 5 o)) Jlo

Db o pgo Jlo yo (Ll g L)

W15 5l el (el Alin gl & 4257 L
oS3 esshy Jlo 99 2 50 9 Cdl S o5 4 ol
a) ey Ol GV e S 3 & V)
5l s B Sglis (P JS8) et |, e
L o pgd Jlo j0 Jpaze 0h) S pn a3ld
A VY oS5 0 a5 6 ebd il caslin Jol Jlo
Jol Jle & e g Jlo 5o Gal38 ool o o
ol ;5 3.5 (2000) Ball et al .54 duo 5 FOIAD 390>
Ol «cesS oST15 (mol338l b aS” wisges oaslice g
Sloaidly b a3l Gl Jpame 05, o

Syl cilhs pol> Gadiss
oole udgi lade caime lis Jgame O, Cas g
o G9)) Sloj o3k Ko 50 e haw w2y 3 Sas
R Semer Sy Ojgon oS Gl 550 5o ik



AR VAR leals oF 8Ll DY 5,90 oyl ! l)5 LS psle

R
N B O 00
1 1 1 J

CGR (g/m2/day)
5 =

O N b O
1

a
b
a c
b
| I I c

Density 1 Density 2 Density 3 Density 1 Density 2 Density 3

Year 1

Year 2

Density 1, 2 and 3= 71, 45 and 33 plants/m?

Oislejl o 39 50 zlaw! (CGR) Jguame oy sy o o515 51 -7 S
Figure 6. Effect of plant density on crop growth rate (CGR) of spinach in two years of the experiment.
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Figure 7. Effect of plant density on relative growth rate (RGR) of spinach in two years of experiment.
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