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Table 1- Some physical and chemical properties of studied soils

Culaa i@ i B )
S 5o P ol o3le Jale rds’ Sy 5 el Ol S el
Soil pH1:2 S Organic Caluum_ carbonate Ammonium  Nitrate Textural
ECi1. matter equivalent
number class
(dS m?) (%) (mg kg!)
1 79 0.14 0.26 285 3.7 0.5 Loamy Sand
2 7.9 0.23 0.30 29.0 9.9 1.5 Loam
3 8.0 0.31 0.35 36.2 13.6 4.6 Silty Clay
S ooslows  pud powe] ) oo e 113) o
Soil P K Fe Mn Zn Cu
number Available (mg kg?)
1 6.3 119.5 7.0 5.0 0.17 0.36
2 13.0 604.4 5.6 9.0 0.43 0.85
3 14.5 776.7 5.3 10.3 0.61 0.84

S 3 b5 (im0 4 s g (lgn plal SWiS (39 2lgp PINT (5905 rda 1 b jlowd JIl (Sl po (pSSlie) il ylg 43085 T Jguo

U

Table 2- Variance analysis (mean square) of the treatments effects on shoot nitrogen uptake, shoot dry weight and leaf
chlorophyll content index of spinach

PNl o395 ol

S oo a,? ‘ pll Suis 39 S 31 Judg IS om0 Lad L
RS &3 wtlo lg Leaf chlorophyll content
SHOAY ’ Shoot nitrogen - oY
df uptake Shoot dry weight index
. 39 D’% . 3 790232.65™ 1030.10™ 79.83.63™
Nitrogen fertilizer
J_B & 2 188425.50™ 349.89" 93.31"
Soil type
gliel 1 68404.26™ 176,09 3.99
Spinach variety
| SBeg X o 6 13265.70" 19.69™ 288.92"
Nitrogen fertilizer X soil type
. - X s
el X ghins 8138.01" 22.32™ 27.45m
Nitrogen fertilizer X spinach variety
. .- X N .
_GL‘“I )l . St gy . 2 642.74" 3.70m 41.33™
Soil type X spinach variety
gliul an)ly X S g9 X (590 355
Nitrogen fertilizer X soil type X spinach 6 1515.81™ 3.12% 44.66™
variety
> 48 2350.12 3.56 34.06
Error

TN s 5 yls gime ™ D o )3 Yl e Tyl ime et 1

"s Non significant, " significant at 5%, ** significant at 1%
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Table 3- Mean comparison of the interaction effect of nitrogen fertilizer types and soil types on shoot nitrogen uptake (mg

pot?) of spinach

powigel Oy Oldgw

DMPP + sgaigel &1y W gus

S o lows KEY 8,9l i ) ] oSNbe
Soil number Control Urea Ammonium Ammonium sulphate nitrate Mean
sulphate nitrate +DMPP
1 52.66f 386.61¢ 441.30° 356.46¢ 309.26¢
2 56.43f 535.65P 544.84P 540.88P 419.45B
3 161.75¢ 581.592 565.51P 629.352 48455
(Mean) Sl 90.288 501.28A 517.21A 508.89~

(LSD (y3051) ol o 03l (L 3 g b ol Ol 51 s duoyd O prlaw 3 I gxe SIS JB aliie By b cudy g gt by b pSSle
Means in each column and row with the same letter are not statistically different at a =0.05 (LSD Test). The main effects are shown

by capital letters.
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Table 4- Mean comparison of the interaction effect of nitrogen fertilizer types and variety types on shoot nitrogen uptake (mg

pot ) of spinach

pasigel Ol i Oy

DMPP + sguigel il yid i gaw

Ul &ty lg 2l 55! oo
: : Ammonium Ammonium sulphate nitrate Mean
(Spinach variety)  Control Urea sulphate nitrate +DMPP ea
éﬁ@;& 94.06°  544.03 558.70° 534.17° 435,24~
I
ﬁs 86.50°  448.54° 47573 483,62 373.598
IKI
(Mean) ik 90.288  501.287 517.21A 508.894

(LSD (y905]) ol o o3l (Ui S yps gy b ol ol 1 aiand Juoyd O o 3 I xe IS SB apliie g b sy g ygie b 0 b pSSle
Means in each column and row with the same letter (small letters) are not statistically different at o =0.05 (LSD Test). The main

effects are shown by capital letters.
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Table 5- Mean comparison of the interaction effect of nitrogen fertilizer types and soil types on shoot dry weight (g pot?) of

spinach
S o,ledd ol " eaigel Ol g W g DMPP + sgaigel &l yind W gas Sl
Soil number Control Urea Ammonium Ammonium sulphate nitrate I\iea;
sulphate nitrate +DMPP
1 3.49 16.08% 17.59¢ 14.079 12.90¢
2 3.89f 22.78% 23.232 20.71° 17.658
3 9.75¢ 23.762 23.742 24.562 20.45~
(Mean) ,Sle 5.71¢ 20.87A8 21.64~ 19.788

(LSD y505l) il o 03l (jlis 5y By o b ol il 1 siants 1o yd B w53 I3 ime B3] 1315 o gy b sy g i o 4 b, Sikie
Means in each column and row with the same letter (small letters) are not statistically different at o =0.05 (LSD Test). The main
effects are shown by capital letters.
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Table 6- Mean comparison of the interaction effect of nitrogen fertilizer types and variety types on shoot dry weight (g pot™)

of spinach
zUieo! &yl AL oy ©angal Oy Ol gaw DMPP + sguigol €l yid ol gaw Sileo
: - Ammonium Ammonium sulphate nitrate
(Spinach variety)  Control ~ Urea sulphate nitrate +DMPP Mean
o 5l IS 5.89¢ 23.35° 24.09° 20.93° 18.564
Giant Santos
ans 5.53¢ 18.39¢ 19.19b¢ 18.63¢ 15.448
iki
(Mean) ;:Sibe 5.71¢ 20.8748 21.64A 19.788

(LSD (y3051) ol o o3l (Ui S yps gy b ol ol 1 aiiand Juoyd O prlaw 3 I xe SIS SB aliie g b cudy g g oy by pSSle

Means in each column and row with the same letter (small letters) are not statistically different at & =0.05 (LSD Test). The main
effects are shown by capital letters.
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Table 7- Mean comparison of the interaction effect of nitrogen fertilizer types and soil types on leaf chlorophyll content index

of spinach
SK Lo Ll 0! Parigel Ol s Ol g DMPP + sguigol il yid ol gaw oSl
Soil number Control Urea Ammonium Ammonium sulphate nitrate Mean
sulphate nitrate +DMPP
1 18.281 45,784 49.89cd 74.442 47238
2 15.709 55.03¢ 53.60¢ 65.22° 47.39A
3 23.40f 43.13% 36.39¢ 72.672 43,908
(Mean) ,Sil.  19.30° 47.98° 46.63° 70.77A

(LSD (y3051) ol o o3l (Ui S yps gy b ol Ol 1 aiiand Juoyd O o 3 I gxe BB SB aliie g b cudy g ygie by b pSSle
Means in each column and row with the same letter are not statistically different at a =0.05 (LSD Test). The main effects are shown
by capital letters.

Ols=e (F) ohh)lken 5 JUK Limgis cpl ol b cdllas 4o ol
duwlio )3 DMPP (g5luculyis oa5,la3 ol yois 0yl 55,8 155 S
9 Symao (59 oS o LS Sis oobo 3% VA 4 YA/D
& p3Y b glawl 3 p)5 Voo 5 SAYE 4 YAN o] cabsl
5 =<l S el ais cpl jd 0ad S5 yolds oS cuwl (S5
oS et cpl bwes odds il58 slael b gliawl jd 459y Gls
sl cupline
2 S EP dw LS)‘%;‘*" C'_:al.é.'s’ ‘C-’L-’ L)AJL.AJ‘ 2 Oped
5 =hi @S S yab 4 il 3929 ()98 Spae 2
Y ojled LS & i (pg)) ¥ oyless S jd 59,00 <l
Bl (glaine I3l (e 99)) ¥ o)lond 5 (o9 (-5)
PV o) o)led slasSh )3 gt Sigdnsd 2l (rivren
(Ve Joda) el Lili8l gyl bze yob 4 ¥ ojlads S L dunlio
9 &bl s1)j) (e Sy 2l e LS
a ol o 1y Y ojless SB 4y o ¥ ojlaus ST 50 (S350 540
o) ¥oled SL8 5 aald Jlo ) gliawl alsa pluil o555t
dydang Las ab coi (ped) ¥ ooyl S 4 s (o
Gl 035 ¥ ojlons S & Cans ¥ ojlous SB 3 59580 B puns
() ¥ eslass S5 b aunlio > S5 ) 55555 bil 5 ol

b

gl 059588 Sy ol yls
£ 9 0aris 295 £ L & 3 (s by 4328 b
Y o 1 S go5 1l g olol 1oy O o 4> glidwl 4y
e A )l ixe ()38 S bl p )bl doy
bl (el DS - gldlan)ly g5 9 SB g9 236
ilwl 125 005 05L ol yad s paugal @l s lalgu 3,8 (A
Al Hles 4 Cond (5o (=) 2D Liels ey DMPP
opomed (A Joda) A Aoy VY dgas lade dy 05ylajl 1Bl Lol
S5l 01503l ol ya 4y pysigel iyt Slilgus 318
2 0390 S ied (2hlLS b ixe (il 4 i DMPP
Joyd A dgas yliue s 05l 5 015,105l A8 Lol aslive Hlouws b duwwldo
0398 Seiglsied 5 (=) 2D SPine SRR Joaz) 45
Joss b duglie ;3 DMPP olpen &y posigel lyis clilgus 587 L
Sid 59 s me el & ol o 1y odylo5h e Lol alie
-0 Yl ) zliawl Sis jg jb bze (ials o Cund gliaw!
i LS 5ol 15, 5 passel 3L o site Sl & ol
pis 9 (V) mjste 9 ponlS ol Juod J) (2l polie ) (55
38 3150 (F) gliawl Lo L S s enld Jlgsen
35LS el olal sy 005 Casnd DMPP (il 05,135k
pie il 59y bl LS 68T gy cilie plie
e bl ol 5 DMPP (g5loclyis o)lojb 3,08 50
Bos 05 e 90U L0 0)90 4 B)b Gl e Yiesl )
P03 posigel Sl (it C8)y0m Sox G 5l g (¥) glidul 4y,
o (YY) (Sal slacSB ) jogad 4 Sligel dumad sty



YYO gl 53 o595 S pao S p Slind Jojlpm Juio 65 F3 ¥ (3Lwl i 00d o3l il

TUawl 13 (595 Span ) 2 B yles 8 (Olaryo (k) (il @325 -A Jgoa
Table 8- Variance analysis (mean square) of the treatments effects on nitrogen use efficiency in spinach

JUET T @ =5 LY b 2l S5Pg i 2,6
"é o V ;! Agronomic Recovery Physiological
o df efficiency efficiency efficiency
i 3 14.27 10.36™ 0.00006"
Nitrogen fertilizer
SB g . ok *x
. 2 145.29 838.13 0.00012
Soil type
_Eww‘ ‘u”l_’ 1 167.83" 636.76™ 0.00010"
Spinach variety
| S X Lo 6 8.63" 75.71" 0.000005"
Nitrogen fertilizer X soil type
. . X ta s
el X oo 3 9.39 31.12m 0.00001"™
Nitrogen fertilizer X spinach variety
. " X . .
gda), X sb ey 2 1.25m 5,65 0.000003"™
soil type X spinach variety
glidwl an)ly X S g6 X gy 268
Nitrogen fertilizer X soil type X spinach 6 4.09™ 19.91 0.000007"
variety
s 48 5.47 31.90 0.00001
Error

7N o 5yl gime ™ D g )3 Yl eyl e et
"s Non significant, * significant at 5%, ™ significant at 1%

EUuw! 3 (559558 S 5elgr a8 9 Sl 15 2 2 3o 355 E95 I -4 Jgur
Table 9- The effects of nitrogen fertilizer types on agronomic, recovery and physiological efficiency of nitrogen in spinach

UL cabjl 2Nl Sejdeid )8
| 03935 & (65 2 055) (65 Ver 2 ps5) (05 o 32 055)
Nitrogen fertilizer type Agronomic efficiency  Recovery efficiency ~ Physiological efficiency
(9g?) (g 100g™) (g mg™)
o9 14.4378 39.147 0.036~
Urea
parigel Sl Ay 15.174 40.66% 0.036%
Ammonium sulphate nitrate
DMPP * pysigel oy Sl 13.398 30.864 0.0338

Ammonium sulphate nitrate +DMPP
(LSD y90j1) ditads duoyd B grdaus p3 I3 e M) 231 apliie g b ygiar o 4 (Lol 1 51) Lo S5l
Means (main effects) in each column with the same letter are not statistically different at o =0.05 (LSD Test).

TUiesl )3 (359555 Sajglrad 5 COLSL (15 L ¢ SB g5 T Ve Joar
Table 10- The effects of soil types on agronomic, recovery and physiological efficiency of nitrogen in spinach
SBojlaw (o5 2 pf) Syl (e85 Ver mpS) sl )b (05 e 2 05) Sglorind 2],
Soil number  Agronomic efficiency (g g') Recovery efficiency (g 100 gY)  Physiological efficiency (g mg?)

1 11.94¢ 32.58¢ 0.037A
2 17.47A 46.094 0.036%
3 13.588 40.998 0.0328

(LSD (y90)]) disuds 20> B grbanw 3 Iy ime 3B 135 Al g yn b ygias s 3 (ol il 3) LSl
Means (main effects) in each column with the same letter are not statistically different at o =0.05 (LSD Test).
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Table 11- The effects of spinach variety on agronomic, recovery and physiological efficiency of nitrogen

o . cabsl ) g
gl 4 My i 2l Recove y egc)ienc il 2,6
Spinach variety Agronomic efficiency (g g2) @ %O o) y Physiological efficiency (g mg™)
Giant Santos) usoils il 16.094 43.32A 0.0374
Viking) K.l 12.578 36.458 0.0348

(LSD (y90)]) Az 20 y> B grbaw 3 Iy ime BB 331 il g yn b ygian 5o 3 (ool Ol 51) LSl
Means (main effects) in each column with the same letter are not statistically different at o =0.05 (LSD Test).
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Introduction: Large amounts of nitrogen (N) fertilizers are being applied to optimize yield in vegetable
production. Nitrogen use efficiency in vegetable fields is low due to high application of N fertilizers in frequent
cultivation, short growth cycles and their shallow rooting system. Nitrification inhibitors (NI) are compounds
that retard the biological oxidation of ammonium to nitrite by depressing the activity of Nitrosomonas bacteria in
soil. In different studies, the positive effects of these compounds on the reduction of N losses from soil and
increase of N use efficiency and crop yield have been demonstrated. The 3,4-dimethylpyrazole phosphate
(DMPP) is a very popular nitrification inhibitor around the world. The efficacy of this molecule depends on
climatic conditions and soil properties including of texture, pH, organic matter, moisture, temperature and
mineral nitrogen. In this experiment, the effects of NI 3, 4-dimethylpyrazole phosphate on the N use efficiency
of two spinach varieties were investigated in different soils.

Materials and Methods: A pot experiment was conducted in a completely randomized design with a
factorial arrangement with three replications at Shahrekord University. Experimental factors were different N
fertilizer sources, soil types and spinach varieties. Three N fertilizer sources consisted of urea, ammonium
sulfate nitrate (ASN) and ASN plus DMPP (0.8 %). A no added N fertilizer treatment was considered as the
control. The soil factor contained three different soils with different physical and chemical characteristics. The
textures of the soils No. 1, 2 and 3 were loamy sand, loam and silty clay, respectively. Three selected soils were
non-saline (EC1,=0.14-0.31 dS m™?) and alkaline (pH1:2=7.9-8.0). Organic carbon and calcium carbonate
equivalent (CCE) ranged from 0.26 to 0.35%, and 28.5 to 36.2%, respectively. Two spinach varieties were
smooth-leaf (Giant Santos) and wrinkled-leaf (Viking). The used soils were mixed homogenously with 100 mg P
kg soil as triple super phosphate, 5 mg Fe kg soil as Fe-EDDHA, 15 mg Zn kg soil as ZnS04.7H,0, 5 mg
Mn kg soil as MnSO4.H,0 and 2.5 mg Cu kg™ soil as CuSQ4.5H,0. Nitrogen was applied at the rate of 150
mg kg* soil in two split doses before sowing and after one month. Twelve seeds were sown in 7 kg soil in plastic
pots, and then placed in a greenhouse. The pots were thinned to 7 seedlings per pot after plant establishment.
One week before harvesting, 10 measurements were done using a chlorophyll content meter to determine
chlorophyll content index of leaves. At the end of the experiment, shoot dry weight was determined and plants
were mixed and dried to measure N concentration. Finally, shoot N uptake and N use efficiency were calculated
in different treatments.

Results and Discussion: In the present study, spinach plants fertilized with ASN+DMPP had a better
appearance (dark green color) than those grown without DMPP. The results indicated that application of ASN
with DMPP led to significant increase of leaf chlorophyll content index in comparison of ASN and urea
fertilizers in all studied soils. Application of DMPP slowed down the process of ammonium oxidation to nitrite.
Thus, this increase may be due to the role of ammonium in N nutrition of spinach plants treated with DMPP.
This may be explained by the fact that ammonium has a positive effect on the synthesis of polyamines,
cytokinins and gibberellins. The presence of these two phytohormones retarded senescence and chlorophyll
degradation in plants. However, adding ASN to DMPP resulted in a significant decrease of shoot dry weight as
compared with the ASN and urea fertilizers in soils No. 1 (loamy sand) and 2 (loam). In soil No. 3, shoot dry
weight was not affected in plants fertilized with ASN+DMPP. Also, agronomic and physiological efficiencies of
N significantly decreased by applying ASN+DMPP in comparison with ASN. It seems that application of DMPP
strongly delayed the ammonium nitrification to nitrate, and consequently the soil nitrate availability appears not
to be synchronized with spinach N needs. Due to short growth cycle of spinach, low availability of nitrate
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resulted in decreased shoot dry weight of spinach. The highest N use efficiency was observed is soil No. 2
(loam) and Giant Santos had more N use efficiency than Viking.

Conclusion: The results demonstrated that using ASN+DMPP led to yield loss, and we cannot recommend
its application as a nitrogen fertilizer for spinach. However, application of ASN+DMPP is an effective strategy
for improving qualitative appearance (dark green color) of spinach. Also, all studied indices were not affected in
plants fertilized with ASN and urea. Therefore, application of both fertilizers is recommended for spinach
production under similar conditions of the present study.
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