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Table 1- Some physical and chemical characteristics of soils
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(mg.kg™) (Percent) (oo (2o wiw)
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|
J Sandy 286 9.0 004 040 15 8.1 0.90 132 32
First clay loam
R Sandy
F clay 410 6.4 0.04 0.35 15 8.1 0.98 1.35 30
Second loam
po Sandy 350 100 004 037 15 8.0 0.85 133 39

Third  clay loam
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Table 2- Number and volume of water irrigation

slowd

Treatment

(e 55 caSo i) *%—’i o>
Water irrigation(m*ha™)

&bl Slaws
Irrigation number

255 yio o 1031 3 (5,0
(Irrigation after 70 mm evaporation)
755 yio o 100 1 s (gl
(Irrigation after 100 mm evaporation)
755 yio o 130 1 s (bl
(Irrigation after 130 mm evaporation)

4150 10
4125 8
3750 6

Cunl o)ﬁb)f Awlo oL:f )l)pwml é\l>)o )l BRCE d}‘f c)'lel ui > *
*The volume of water has been calculated after establishment of plant
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Table3- Combined analysis of variance for different parameters

Olagpo (il
JUVES WP FAHESY) S swilondly Wl s e . e ey e s L
Source of vé'ariation )df ’ Residual Nitrate clafe S i ojais CBIE S 45’]‘. 7 assle .
30-60cm  0-30 om N uptake N Concen. Forage Dry Yield  Forage fresh Yield
(Year)(Y) Jls 2 27477 4560 8557" 9.15™ 324222079 72314885™
(Error Year) Jls lbs 6 86 27 2041 0.13 9621251 77779624
Irrigation(l) (¢,lf 2 81" 5™ 14390 0.06™ 83336214™ 1557080373
(1Y) @)l 53 Jlo 4 0™ 34m™ 2458™ 0.20"™ 5803003 ™ 117860668
(Error Source 1) 1 (cllas. 12 18 31 1435 0.13 1836018 22255361
Nitrogen Source(S) ss5 ¢ 1 17" 201" 1611"™ 0.28"™ 2792™ 3340715"™
(SxY) 355 £55 55 Jlo 2 18™ 63™ 3119™ 0.07"™ 4624754™ 61796013 ™
(X1 ) 355 £55 53 o) 2 22" 136" 1727"™ 0.10"™ 310077™ 43492629™
(SXIXY) 355 g5 5 sl 5 Jlo 4 14™ 176" 544" 0.11™ 2674259 "™ 85557055"
(Error Source2) 2 sls. 18 15 20 1291 0.11™ 4205285 25315151
Nitrogen Level(L) 355 aw 4 2114™ 2269 28328™ 1.25" 63355888 968519966
(LX1) 368 a5 (55l 8 92" 99" 1668" 0.07™ 6631627 " 31155171"™
(LXS) 355 gl 3 g5 4 8" 32" 1700™ 0.12"™ 3005361 "™ 7697857 "™
(LXIXS) 368 g )3 g5 )3 (5] 8 13™ 45" 678™ 0.06™ 691283™ 8721102"™
(LXIXSXY) g 53 55 5 5l 53 Jlo 48 66" 170™ 829™ 0.07™ 3582431"™ 20350177"™
(Error Source 3) 3 sl 144 17 10 828 0.61 3526524 28545970
(03 Sy oy ; 22 177 305 203 236 18.9

Coefficient of Variation (%)

*,**and "™ : Significant at the 5% and 1% probability levels and non significant, respectively
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Table 4- Compare mean for main effects on parameters

o o S oxiladl SRIMIKTT) oo JS e OJ9A GBS Sk adgle # dgle
Treatrr{;ants Residual Nitrate (kg.ha?) (%) (kgha') (kghat)
0-30 cm 30-60 cm N uptake N Concen. Forage Dry Yield Forage fresh Yield
(Irrigation) (¢,
I, 18.7° 17.9°7 103.9° 1.209° 8791° 31730°
I 18.2° 17.5°% 99.1% 1.243° 8183° 29380°
I3 20.1° 17.9° 79.98° 1.195° 6906° 23640°
LSDsy, 0.97 1.28 8.7 0.082 3112 1083
55 &9
(Nitrogen Source)
(Urea) «| 18.8° 16.9° 91.87° 1.183° 7963 283637
(AN) pgsgal iy 19.3° 18.6° 9676° 1.248° 7957° 281407
LSDsy 0.99 2.51 13.2 0.11 682 1244
(JSa 55 p,55L5) OI9r
Nitrogen (kg.ha™)
0 11.65¢ 9.99¢ 57.1¢ 0.97° 6147° 21440°
100 14.50° 12.72° 90.7° 1.17® 7994% 27540°
200 18.23° 17.74° 102.8° 1.25® 8548 30620%
300 24.56° 23.61° 117.72 1.36° 8973 32560%
400 26.13° 24.70° 103.3° 1.33° 8138 29100
LSDsy 1.6 1.2 10.95 0.3 2259 2032

Means that show with common letters has no significant different at 5% 25,15 (61> (dme BB o> ety Jlain] grbaws )3 S yide gy (sl olael

Gy 1S 3 p,55kS 32560 lime 4 5 5, Shes Slas
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o (658505151 ©lbo 1 (59 55 395 £95 9 (Srll T iiSed 1 (Sle - SJgun
Table 5- Mean of irrigation and fertilizer source intraction effects on parameters
SB ouilegdl ol x(mg.kg™)

Byl Residual Nitrate Ojare IS da Ojsr S adgle 5 ddgle

e (kg.ha™) (%) (kg.ha™) (kg.ha™)
Treatments . .
0-30 cm 30-60 cm N uptake N Concen. Forage Dry Yield Forage fresh Yield

I:N 18.4™ 17.6™ 101.6° 1.2° 8720° 32180°
I,U 19.0%° 18.2% 106.2° 1.2° 8862° 31280°
I,N 18.9%° 18.2% 105.5° 1.3° 8218° 28490°
1,U 17.6° 16.8™ 92.7% 1.2° 8148° 30270®
15N 20.5° 20.0° 83.2° 1.2° 6932° 23750°
15U 19.6% 15.7° 76.8° 1.1° 6880° 23540°

LSDss, 17 1.96 15.91 0.14 908.3 2228

Means that show with common letters has no significant different at 5% .

s 45 3l s gl cpmtzmen 315 bt aN b (6l e
U 55 ] Sl 55 e 5 e 550 (5 )
sl a9 355 51 ooliiel LS 4 Al 5 el (sl sne

Siold g5-d90 al S Wlgiee maigel Sy 395 10 Yy (95

0,15 15 ime OS] s> iy s )3 ol 04 031> LS S yidie By b 457 (g0las]

5 38kes 358 £ 5 okl Mt 3l Sl duglio b

Ao 4o BN Jlas 515y Shee iSTacs a8 ol olis (5 Jgis )
I3 N g LN (Lo jlos L oS osal cunss )18 55 p,55LS 32180
bl gyl me gl U g HU Ly g aily jlo e cogles
gty aS ol oty 3U Slo 51 55 5,Sdee line JBlis canl



1645 . gtadsle 55 o5a i wia p 6yl 9 (355w sl g g o5 ol

ol ol e b SBIES blo) )3 eyt 365 Coyae o,
(25514 .8.2) cul

Oiars Syman (g laulyd 3 45 398 0 dasMe (pizzan
295 S pan golaw ol ol 03I BT gyt JS ol Jola
i 48 39-be el 6yll Ol Lials 45 amd_e s alis
gl 095 gl Glidl L ()b sl el gy JS
Coslas 3 4 (yohar sl 0yt ()9 s JS o polie
i) gl Cs gedaas b il 351 L Lol 3ggs o _sine gl
Cpz 068 g ol 03l Gl ilicul sdd b ixe S g azdly
5 13Ca LICo slojloss ) s (josis JS ol o )sl Cony
5ly_o 2900ie MelS 1,Cy 5 11Cs sl oss i3 b

fe pd dm)d gled din e ,S ) OYolee I oolaiul b
S 55 (5955 pSshS 28T G o 1 59500 IS o Sl
bl Yo 3,8 53 390 p 5o 310 1y ()bl Jlass 5
Cowd o Iy ()ll lass 518 3 gy pSols 212 5 1
bl loloss sl 039558 IS e DS bl gl 2 el
)lie 403,85 awlxe 0735 4 0/37 0/45 s 5 4 15 415
oRIPl O3srs IS el 2l S casb; Gl BTG 0
Gl Oy o Wy 2o o) 4 (0) )en 5 b bl
Amd oo L (295 (Sien 3y Sloe Sl b (fgis JS
OForis A )3 oleS 3 Slas gusly &5 Widgal b gl (yrizmen
509 SBl 0ies @l laysSh ) (ol (S s LB
3 ol ccwl asly us ad Lo cas olS 5955 I eolaiuwl

25 4o g o)l of i 4 1L 059555 Aoy

S suiloadl Ol s cdals

o Sy 4Sam3 0 o5 (Bys2) iy 408 s
Gos 93y 3 0alesdl ©ly s e 2395 £95 9 aw ()
03,5 45 s o y3 o s pdaws y> yrewsibe 30-60 5 0-30
e 355 Gy gl b 45 350 e 1 IS5 alan Do |
95295 gshe (58,5 A 13 [y Bes 93y y oilaBl i
L oS ms e ot 1 S5 ppaizmen il il33l ool o
o 3 S 53 255 LS 200 51 s el €l 30)LS
A e LS Iy il ond sxileddl lyis ol di syl
2255 1500) 051 & s pgsigal i Mol Jludo 00 5V
4 035 posgal s 05l o o Al o 4y 5 (315 ol
2yl dg2>9 S o) Lgl.b,\;\j}lf lawy (_'j Ls’"‘a"" Ol OK"'l
posisel 988 s ogMe S 13 poiigel Sl a0 & Jb
s Cla pie dde g L S Lleie Mg 3 Sl sy
ol yidy o) gl el b Jes ool g elyis

75 3ySdas 59y 2355 €9 9 oll Mite Bl ) (25) 23,5
Eo 55 31 )b ol 5 dbgle 1y T i 55 S oy i
el Jdi (13940 gt

ol ojg ke s

sy el ol o ol s (B gae) (uilly 428 ol
N33 Jlo g 358 o 36 o (003 1 Jlazs! o) 5l ins
bl @Sl oS ol lis (@ Joss) pxSibe dunlio gl .cusls
2l b a8 sl sty (5955 p,5 9kS 300 G puao I (1> 1/36)
S mime gy anli b bl cubl (g bixe igldy 268 ko
SS9 Ol Rl L 4 sl S0l pgdge ol ol i
sy oS 3ot e bale LS 13 p S5 15300 L 8y
A a0l (pdg) 15) 2 (Jer Sy Sl 4 dagi bdgd e
2 e (5938 > Wb |y (ks Oliee Rl > e
O mawd Gyme L (17) il 5,5 goines Sais o3l gosos
Sl a8 ol s U 55 gyt pySakS 375 4 250 125
2 0395 p S5k 31D rme by Sy 5 (g5 cale 55 Slas
JiSa 3,55 LS 250 o b 365" B yuna 9 bl oo oty HliSa
Bl &g gl g9) (551 e 43U

53 b 395 G e 3 oS iy Al
b edly b3l ped dnyd g6 3l oled

Y =-3.07x107° X * +0.002139X +0.97258 R?=0.98
o (Rl b olS (5908 Sl oS w3 o0 L5 dolre
oS 590 Olyai 1 4o )3 98 50> (390 K9y 355 5 puan
1 030l | .33,5 o sier i g oleo b 395 prgbans ysil
5 55 B e L oS 53 i e i 3 ol
el Cod @y (g5 S

09 S5 i

5 san s 5 3 5 (3 i) iy 5 b
S iz el e ole 025l sixe 358 o g o)l
Al oy 1 Jlein o 5 395

Gl 098 a5 olal GESen 2 51 0Sike Anlie gl
e L 1iCa jlass 51 Sl 8 sl i (6 Jgis) cifapis JS
gl Lanjlo plow L a8 sl vy S 3 p,S6ks 142/9
50/6 a0 4 15C1 Jlos 4 bgpye JBlus g cuily lis (gl gine
Joosine ©gls5 1,C1 5 11C1 (sl ylagi b &S sl HiSn 3 p S5l
cdale (39 Y hCa jlo )3 B9yt JS @l (il8l s o)l
5 Cgby (el cle an jle cpl Suis osle (g 9 (ke
S35 3l (3955 395 3bj Bas Casl ol wyied )3 (g0
5 JS i Ll 110 anlS e olid Slge 4y ol sl oy



1394wl = cyodg < Bojlos < 29 ul> (S g T 4y i 1646

a5 8 831 Clho g 415 (595w 395 ok g (5 bl T HiSoR p Sl Ao -6 Jgua
Table 6- Mean of irrigation and nitrogen levels interaction effects on parameters

SB oilegdl ol x(mg.kg™) s IS wia

) lowi Residual Nitrate (kg.ha®) Oigri ke Swis adgle » ddgle
Treatments N uptake (%) (kgha') (kgha®)
30-60 cm 30-60 cm N Concen. Forage Dry Yield  Forage fresh Yield

1,Cy 9.22¢ 10.91M 56.50" 0.917° 6427%" 234309
1,C, 12.07% 12.11" 91.28% 1.1342 8419°* 30720%
1,Cs 17.17° 16.04 115.4™ 1.183° 9969% 35870%
1:Cs 27.63 27.22° 142.9° 1.427¢ 10520° 36320°
1,C5 2753 23.21% 113.4% 1.386° 8624% 32410
1,Cy 15.20° 9.56' 64.21" 1.048° 6345%" 22180%
1,C, 11.25¢ 11.54" 97.11%¢ 1.239° 8150°%f 28960%
1,Cs 17.40% 17.70%f 104.5°% 1.277° 8388°* 30490%
1,Cs 21.61° 21.3% 118.7° 1.339° 9207™ 33730%°
1,Cs 25.75% 21.51° 110.9" 1.311° 8827™ 31530%
15Cy 14.48°% 951" 50.62f 0.958 5668" 18710"
15C, 16.22° 14,519 83.62° 1.149° 7413%1 229509
15Cs 20.11% 19.8% 88.38° 1.282° 72874 25580
15Cs 24.44° 22.7% 91.65% 1.298° 7196 27620
15Cs 25.11% 23.38" 85.64° 1.286° 6965"" 23360¢
LSD 275 2.1 18.96 0.51 1237 3520
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Figure 1- Changes of soil residual nitrate affected by treatments in two soil depths
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Table 7-Regration equations of nitrogen levels (X) (kg.ha™) on residual nitrate concentration (Y) ( mg.kg™?) at
differents irrigation and soil depths

e (o) S Goe sl ey OS5 Alao Cﬁcm’of
Nitrogen Source Soil Depth (cm) Irrigation Treatment Reg. Eq. Determination
Iy Y =0.0118X +10.86 0.979
0-30 l2 Y =0.0187X +7.99 0.977
059 Is Y =0.0147X +8.81 0.889
Urea I Y =0.0308X +7 0.982
30-60 l2 Y =0.0241X +8.47 0.831
Is Y =0.0221X +10.87 0.977
lh Y =0.0151X +7.79 0.840
0-30 l2 Y =0.0195X +7.57 0.975
posinel Is Y =0.086X +8.34 0.909
AN Iy Y =0.05238X +0.118 0.952
30-60 I Y =0.0197X +8.23 0.957
Is Y =0.0211X +8.61 0.946
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Introduction: Growing irrigation demand for corn production, along side with draws of ground water from
stressed water sources, should be limited due to scarce resources and environmental protection aspects. Nitrogen
fertilizer applied at rates higher than the optimum requirement for crop production may cause an increase in
nitrate accumulation below the root zone and pose a risk of nitrate leaching. Improving nitrogen management for
corn production has a close relation with soil water content. In this study, we investigated the effects of source
and rate of nitrogen fertilizer and irrigation on silage corn production and nitrogen concentration, nitrogen
uptake and residual soil nitrate in two depths.

Materials and Methods: This experiment carried out as split spli- plot in a Randomized Complete Block
design (RCBD) with three replications, in Arak station (Agricultural research center of markazi province, 34.12
N, 49.7 E; 1715 m above mean sea level) during three years. The soil on the site was classified as a Calcaric
Regosols (loamy skeletal over fragmental, carbonatic, thermic, calcixerollic xerochrepts). Main plots were
irrigation treatments based on 70, 100 and 130 mm cumulative evaporation from A class Pan. Sub plots were
two kinds of nitrogen fertilizers (Urea and Ammonium nitrate) and sub sub-plots were five levels of nitrogen
rates (0, 100, 200, 300 and 400 kgN.ha™). Nitrogen fertilizer rates were split into three applications: 1/3 was
applied at planting, 1/3 at 7-9 leaf stage and 1/3 remainder was applied before tasseling as a bandlng method.
Phosphorus was applied at a rate of 150 kg.hain each season and potassium at a rate of 30kg.ha™ (only in first
growth season) based on soil testing as triple super phosphate and potassium sulfate, respectively. The corn
variety of single cross 704 was planted at 20 m? plots. The plants were sampled at dough stage from the two
rows and weighted in each plot. Plant samples were dried in a forced air oven at 70° for at least 3 days before
weighting. Total N concentration in the plant samples were determined using Kjeldahl method. Nitrogen uptake
by plants was calculated based on the total N concentration in plants multiplied by dry matter. Residual nitrate
concentrations were determined in soil samples (0-30 and 30-60 cm depths) by diazo method. Combined
analysis of variance was accomplished using the MSTAT-C software. Mean comparisons were done using
Duncan multiple rang test (DMRT).

Results: The results showed that the main effect of water stress on dry matter yield was negatlve and
5|gn|f|cant (P<0.01) but fertilizer rates were positive and significant (P<0.01). The maximum (8791 kg ha™) and
minimum (6906 kg.ha™) of dry matter were obtained in I, and |5 treatments, respectively. The main effect of
nitrogen levels on wet yield were significant (P<0.01) and there were significant differences between all
treatments. Dry matter and wet yield were increased up to 300 kgN.ha™ and decreased when applied nitrogen
was more than this. The irrigation was more important in the application of ammonium nitrate than urea in wet
yield. The effects of nitrogen fertilizer rates were positive and significant on plant nitrogen concentration. The
amounts of nitrogen concentration were increased from 0.97 to 1.36 percent. Nitrogen uptake was affected
positively and significantly by irrigation and nitrogen rate. The mean Comparisons of irrigation and nitrogen
levels interactions on nitrogen uptake of plants showed that the maximum amounts were gained by 1,C4 and 1,C,
treatments. The results of the same fertilizer application levels showed that the reduction of irrigation can reduce
the nitrogen uptake.Total nitrogen uptake efficiencies for irrigation treatments were 0.45, 0.37 and 0.35,
respectively. The interaction effectsof irrigation, nitrogen rate, nitrogen source and year on residual nitrate
concentrations were significant (P<0.01), in two depths. Liner regression equatlons showed that residual nitrate
amounts were increased due to increasing of nitrogen rate. In the Cs (400 k(lgN ha™) treatment, residual nitrate
concentrations in 0-30 and 30-60 cm soil depths were 24.7 and 26.13 mg.kg™, respectively.

Conclusion: Based on the results of this project which was conducted in Arak station, 200 kgN.ha™ as urea
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and irrigation after 100 mm evaporation were recommend with considering the nitrogen uptake efficiency,
residual nitrate concentration, and optimum yield. Along with increasing the levels of nitrogen, the amounts of
residual nitrate were increased in both depths, regardless of the nitrogen source.
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