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Effect of long term residue management, tillage and application of nitrogen
fertilizer on grain yield of maize (Zea mays L.) and soil properties
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Table 1. Average rainfall and temperature for experiment site during the growing season of maize (2005- 2011)

SHk S b e

Average rainfall (mm) Avearge temperature (°C)
JuYear Jun. Jul. Aug. Sep. Jun.  Jul.  Aug. Sep.
2005 ywwa¢ 552 203 202 30 268 281 293 28.6
2006 \was 524 211 116 334 276 302 31 29.8
2007 \wwas 483 206 17.2 456 264 291 299 289
2008 \wwav 401 212 152 322 272 29 30 28.7
2009 \wvm 528 255 10.8 50.2 262 281 291 277
2010 wwas 543 252 17.7 526 243 282 286 284
2011 ywva. 493 204 138 457 243 287 291 29.0
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Fig. 1. Average grain yields of maize (2009 — 2011) under zero tillage (ZT) and conventional tillage (CT),
nitrogen fertilizer (0, 100, 200 and 300 kg N ha'l; N1-N4), with residue (+R) and without residue (-R). Similar

letters indicate not significant difference between treatments at 5% probability level
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Fig. 2. Grain yield of maize (2006-2012) expressed relative to the highest yield of that year for zero tillage (ZT)

(right) and conventional tillage (CT) (left). Nitrogen fertilizer (0, 100, 200 and 300 kg N ha't; N1-N4), with

residues (+R) and without residues (-R)
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053,55 5 S Ol R 3HOF Jsir) 5 5 o
3955 L eSon 5 daly bl Lo b oy 55 ST JT
Loles 5o Ll 5 b 51 eS 0 055 25 5 005 2k
S s iy Ll 050 U sl Ly
N 503 L B Hles 53 055 5 S JT
NS Olone 155 jtiy gm0 (5555855 e
ST oS sl S s p om0 $)a98S & Llos S
JJJGAQTJ;&AKQ.&\;)QJ\JM‘JSB-
303 5l ¢ Julia 55 (Malhi et al., 2006)
g Casby b b e glaedn sy (Ll Lo s e
e.\_&u;.it.vfe fﬁls&&l{ja:b:ﬁ |) &5-’-"'\'; J‘jﬁ
r}.«f‘_;,'uefu-,l_‘._;,ao_ST&;,;Jcb
ol LOT & g5 5 ST 55 T slse il s Yl
Sl S laalluSTl s I L Y e oS
L Cwnsy o=l (Malhi and Lemke, 2007) AL
P 2 W1 038 blies 5 ST mhans 5L O
e 5 ol e 5Bl e (65550 L
cb_w).h‘._iu;d-‘-).hi_{ébws)‘)jé_{b-

o dmll g s 512 S

S 5 JB osb 4 055 5 e 5 (5,58
TR ST g JCH JUE S U PTG J g o
Sl (¥ J ) A sdaline ST (YL (6 2 Sl
AU G S Calites glaanY s S S
Ll oo 0yl 3l oslizal (¥ Jads) <3 K15 ales
L&,ﬁ_;d}“;t.;};ﬁwa’uoud@w
Skl 53 clgn 5 OT 5 S ay as L0150 Llas
AU @b 0l S5k Se b 5 ST 03 S
O sdul . (Githinji et al., 2011) 545 0%
Sp555 355 os i Gitan slas Sl AL ST
L ool ol Lo 57 ST oo 457 b o
el )3 et te 51 S 0T 0wl 2
O5s i sLal g lad i3 Sl syls S
oduy ool (Havlin et al, 1999) 4sS’ e ud g
03— Hled G glaeST s s
A 0l QLA O/AY atsdeasl s Ll 5y (55555
L olasT g 5o adsl jlude OB o aS
Sl ol (Havlin et al., 1999) >4 #/0 azy il
Sy Sl (5 2 0352 o 53 Ll g e (55 O
Aas JialsSTly (S P (Mo Mg N KK (Ca) sdie
sl b s J—lase ,s (Fischer et al, 2002)
O3 slas 5 Lle 05y 5 LR b pogms o (65,55
aS 5 FO P s an il alals Llay b (6,55
Gl mnlin (6 0in 3l ga O3 5 o 53 S
Hles 53 &S Ol (gewl (Havlin et al., 1999)
5055, 555 Al L e Osds (555968 05k
S Hlas ol 5o &S (S5 B35 Cub) pue
oS gl LT 05 5 s 53 5 &5 25 | o
Ls;l_gaf\_;'cj_%;gj)\,u@;uﬁﬁpmgbj
ol o A3l O S in s syl a5 e
Cw gla S )5 ey opl (Fischer et al., 2002)
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Fig. 3. Resistance to penetration and volumetric moisture in (a) in zero tillage (ZT) and without residues and (b) with zero tillage (ZT) and with residues
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S35 b Kk 5 la 1S o1 B35 A3 358 g 53 Caglie (s b o suate 055 (ST Lushy s 055 55 JHEe 5 Ll Sy pde 065,568 655 1Y g
sl Jlesl Jlu i 3l ey (MVD) bagiluS' =
Table 2. The effect of tillage system, residue management and nitrogen fertilizer rate on the dry soil aggregate distribution percentage for each size and mean weight

diameter (MWD) at the end 7 years of treatments application

S b, AL o geates 05 O 355 4 Canglie FNC RSN S < N a1 1S a1 ey § 5 Aoy
sileT sl sles Soil moisture content Bulk density Resistance to penetration MVD Percentage of soil aggregate size (mm)
Treatments @.kg™h (g.cm? (MPa) (mm) <042 042-0.83 0.83-2.0 20-64 64-127 127-380 >38.0
5o98S s oy 598 = ¢
£ At ST 239.43 1.21 2.22 13.4 25.8 11.2 58 16.2 8.2 20.6 12.2
Tillage ZT
5988 1=
M g’T” 218.95 1.09 1.72 7.79 35.8 12.8 6.1 17.4 8.7 15.1 4
LSD ns 0.11* 0.17* 1.81** 2.55** 0.82** ns ns ns 1.83**  3.41**
RITEN 0 220.3 1.15 2.10 7.29 37.2 12.8 5.9 17 8.8 15.1 3.1
N (kg.ha ) 100 237.8 1.17 1.98 8.29 345 12.9 6.7 17.7 8.6 15.1 5
200 240.1 1.20 1.99 11.73 28 12.2 6.5 16.5 7.8 19.4 9.6
300 239.5 1.21 1.98 15.07 23.7 10.1 5.2 15.9 8.5 21.8 14.7
LSD ns ns ns ns ns 0.16** 0. 3** 0.45* ns ns ns
AERCHS L L
Residue +R 261.4 1.24 1.75 11.69 29.1 11.5 5.7 16.8 8.6 18.5 9.8
Ll Ol
-R 196.7 1.10 2.58 9.51 32.6 12.5 6.2 16.8 8.3 17.3 6.3
LSD 23.16* 0.09* 0.58* 0.82* 2.5** 0.8** 0.35** ns ns ns 3.4*

(LSD) s gan SMstl Jolom 0 g05T ol 2 o5 &S5 5 oty Jlasrl - sk 53 13 gmn 5 I e b i 5 4 1k g NS
ns, *, **: Not significant and significant at 5% and 1% probability levels, respectively
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S | ey STl Calies (sl 55 (S ST Sl Sl g el (S 055,25 055 ST I 25 055 2 05585 S 5 Lle Sy e c85558S 1 g ST
sl Jlesl Jl
Table 3. The effect of tillage system, residue management and nitrogen fertilizer rate on soil pH, EC (dS.m™2), mass of total organic C (TOC) and total N (TN),

at the end 7 years of treatments application

I IS 05 JS 05 058
Mass of TOC Mass of TN el S S s
(Mg C.ha'h (Mg N.hah pH EC (dS.m™)
el olaylas 0-5 5-10 10-20 0-5 5-10 10-20 0-5 5-10 10-20 0-5 10-20
Treatments cm cm cm cm cm cm cm cm cm cm 5-10 cm cm
$nSEok oues 2333 11.39 1842 1788 1.668 582 682 66 009 0.9 0.08
S50pS - Sy e T
Tillage fo é"T”“” 2314 2304 112 18 17 094 614 625 662 008 008 0.07
LSD ns ns ns ns ns 0.12* ns 0.16* ns ns ns ns
0 2345 22.93 10.12 1.81 1.65 0.93 6.27 6.54 6.77 0.07 0.07 0.07
RSN 100 2491 23.12 10.78 1.83 1.69 0.90 6.11 6.40 6.63 0.09 0.08 0.07
N (kg.ha %) 200 2559 23.02 10.71 1.84 1.7 0.89 5.95 6.24 6.51 0.08 0.09 0.08
300 26.01 23.65 11.61 1.84 1.77 1.04 5.64 6.01 6.40 0.1 0.09 0.08
LSD ns ns ns ns ns ns 0.15* 0.11* 0.12* ns ns ns
) e 2431 2359 1312 185 175 107 617 63 6.64 009  0.09 0.07
Ll oy e *R
Residue 2T 002 1801 95 099 172 081 58 623 656 007 008 007
LSD 1.68* 2.05*  1.24* 0.25* ns ns 0.18* ns ns ns ns ns

(LSD) s gne SMastl ol 0 505 ol yr 0,5 &S5 5 iy Jlaorl - s 53 15 gime 5 I e b o 5 4 1k g NS
ns, *, **: Not significant and significant at 5% and 1% probability levels, respectively
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QM\@AJ@J‘)QL%HQL&:E:JJ?‘LAJJCM}A
eSS oS W S 5,18 T « (Chivenge et al., 2011)
ALS Ll o S e 1l e Jlazl J s
sl SlaalT cpl 5 GBS 53 o5 93 51 28)
3 e ST (1S5 J s slos el
QL:.JFJ,.L_?-):a.uTQ.w:gwaﬁ)}Jd-ﬁ
L (PCA) J—ol slaad g0 4y 4 o . Lilod i 055
ssb 0 Layles o 4SS gla S Sl eslinal
Qdﬁjb.ur@‘cbbxd))w%ﬁ&ﬁ
5 e 4S5 s sl S5 Sl 568 n 05, ki
&}‘M@A—?‘}:bwlﬁ)b&_{)‘u).}\'
.J;H?jlja‘ﬁj‘u)bb‘\c(}:c:l.) Lﬂ.‘}s
JS 035,55 JT 025 5 te 8L sl a5
(e Slw 1 B0 56 Slud b jie glaay s
Y 53 S andwl Cil baluSs 5 O Hlids
Pl g e Sy o S Sl O U dw
SIS S0 S a5 15 O i 51,05 Ao
L e 51 Ama s AY a5 95 ¢ sazme Ll d

s S a5

Shl el (T slye (635,55 03 58 oo ailsaSS &S
S35, yl4as . (Malhi and Lemke, 2007) das
S5 05555 AT S Slsome 13
Sl 3 L byl ool Ol s i (I ST
2550 05378 SEe o VL 48 055 8 0 K S
O Jgit) 39 ST o ielasT ol s eslicul
wjﬁkiflﬁ-é—“d;guu‘oﬁ;c{ﬂo%ﬁ
AV e 8 (055,55 35S Sl eslinal L puS
5 AT pln 255 hdis 1 SN 855008 O
4J s (Chivenge et al., 2011) Ceul 'L 4y Judms
b bdle s cul a8 anl p &K Sl s JT sl
S s AT slgn 1 oo BB ,olae b S s
o= uiil_AjTjsdg;_m\J:hM@.:ﬁC?
€055 f ol 5 (55558 035 4 ¢ Jolso 51 (ol
Solsan SIS S 055,55 AT S =
Il Cin S dsls 3158 Oliioes . 514
S 055, L (AT 8 e cp g o (65,585 1
S Ll Codes Ll sl ol 751, ¢SLs
ST 0555 I S als & e (o)) sl
L Lé> (Malhi and Lemke, 2007) 4 Sl S

SRR s S lard 35S 5 e Lol e

Sy S o baylas gl ol sl )3 0l (1S L sla ralyl —F Jsu

Table 4. Rotated loadings on the principal components for treatments cultivated with maize.

Sollaad 5
Principal components
Jsl addpe ps> adl yo
Measurements s foeiw PC1 PC2

Eigenvalues o059 polis 5.84 2.26
Proportions 2 Al 0.59 0.23
Rotated loading on two retained components ° molledl s 5 93 5o s 2yl 6,80
Total C (0-5 cm) el O b s wY s S oy S 0.97¢ 0.16
Total N (0-5 cm) Fable O U Lao Y 53 IS 05 50 0.93¢ 0.10
pH (0-5 cm) el O b e 4 5 an il 0.15 0.94¢
Total C (5-10 cm) el 0V AN s S S 0.88° 0.36
Total N (5-10 cm) el 0V 1Y s S 058 2 0.85° 0.24
pH (10-20 cm) felu VoY uY s andal <012 0.57¢
Mechanical resistance S48 s cuslee  -0.02 -0.91°¢
Soil water content Sl OT Sl 0.79° 0.45¢
Aggregates in dry sieving LIS g5l 0.93° -0.21

=

At b g o ool o 4y a5 b gl slaosls ST g pemme Ol Koy tlacons @

L axbls 45 S o o 5 1 Olosi ggoama 3l osa Ve 1 i Y 51 568 5055 polie b ol (51 Lgs @

Az ol gl Ot 513 53 5ls ine 08U L sla el s, @

+ Proportions of the total variation in the original database explained by the corresponding principal components.
= Only principal components with Eigen values >1 and that explain >10% of the total variance were retained.
e Parameters with significant loadings on the within column principal component.
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Sl ol laad g0 a4 i B9y aS das e OLIS
aao e wlal o Cenl Cnls Hlaws MDS Sl
23 K slet sl e (ol (slaadl s
0355 ¢ AT (2 S L vy 8 Calises (5152
e S5 S (S0 Calie 5 4yl « JS
S CdS e 4 G 45 gy e
Sa S 525 48 Il s edidls (6 ity Sl
03 Caglie 5 Cosby sl ol S5
T S iS (o) (lefT ps n g bk
ador Sl ol slaadd gn 4 a2 Sl ey Jole
L LS o by (Kb obet s Sy
(ohie sty o, 53 s OTasl) SLs Shy
-5 S sl 1) (o s 5 23l 5n (ST Olazst Lo
s 45 Sl ol o313 OLi (Shukla et al., 2006)
Sl o e ST s b 055,
S S Wis S il 8 Olaiss (Schlesinger, 1997)
el ST kS gl ol (S5 S S ST
ol laiT 5548 shailen (Karlen et al., 2006)
S o oS Olse S JT o8 5
O ol 8 s (gl Rl sT S 55 55
PGS U 53 oy o (5558 s 5 (555585 5
oS s el S LS s Sl oS
LLs,l dsmame 1 55 (oI 0L 4 5l JS7 055 55 5
OLs o K5 ool (Malhi and Lemke, 2007) 3,1
otr Sl et L LSl S 5 5 S Ll
5Bl Ll 5 53 SLale 3T 5l (gl 6 it
ot 45l 0305 O (ol glacS
Sl 5 S (AT osla 5 (AT S s (e
5oy Sy 5y LA 6 5 5o a5kl
sdi , S5 sl iz (Shukla et al., 2006) 5,5
gwwéuﬂ;&pbl,rﬁjﬂﬁﬁ\,;
23 Al o Sl e s ST CkS Ol
Jgl add g il L3l )3 (o 55 50 ST
p33 adgn 5 (Cughy s 6l ¢ JT 05525 ¢ o0 5)

Glrog S o LasS s (( SuS, s sy

3255 Oas lag (P JK8) b 8 ) 5 Calsne
53 I S 5 (8 0550 S 3 s Ll b
Ol Gsmmee cn Slw V0 -0 5 2o SO b jas 4l
099 Hlad Sl Cin J gl add g0 s 35 IS
Sl oyl ¢S 5 Lk 0l ossS Ls
Sloe i Il algo m (238 515 o e
S S oMl slaaslasTls xS LT T o 8
09— Hlasd 4 S LalT Ol de 5w dls
Y s adal Lol o S Lla L (65,5085 L
9 S S Sl Yr N 56 e SLub U ae
23 oo $5258S B Hlad 3 g iy 5k 4 Cuaslie
QV}JQJB-JQLE{JJ)QLJ;-&;JL>-3>JJ:
el S 53 05 S (T (8 DL s
Jsl il go g 023 8 513 5l g0d o oo S 5
o iie iz (goleT Sy ol e pgs addge 5 ke
oS sl ol (s oo (slaad] po 4 4 25 e
bl p Sl e i oLyl l b
s (Wander and Bollero, 1999) dil i8S Sl
L - PRy v N R O N — Py
Jors oS > Shas  fs0 Sl S5 0p 5 ol
Olaa=s (Jiang and Thelen, 2004) <wlos, S
S S L S el s el i
G 503, dslie Jsame L 5 Lt
e B, &S Ol a1y (Sl (sLggdl o
oS sLmosls e gazm Jili> ClLsusl (gl
(Minimum set of quantitative data; MDS)
azb S s LT . (Andrews et al., 2002) Llods 5
o3l e a8 358w MDS o i i) 93 paaS
3Ll el sl Sa3ul 55 ¢ 5 otiyles (5 slue
Sl s S S gl Sl s as 5
a8 8 553 LgT a8 Sl s A 5 Slapims
Gl Glaadl g a4z Gy b L g s
ods 4yl gl ol asls 51855 a0 g 4 5
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Fig. 4.Biplot of the principal components representing chemical and physical soil quality; with zero tillage (ZT)

and conventional tillage (CT); Nitrogen fertilizer (0, 100, 200 and 300 kg N ha'; N1-N4); with residues (+R)

and without residues (-R)

S gl Sy deol sl 53 ails 3 Slee m Oew S 5 -0 Jsd

Table 5. Regression between maize grain yields and the principal components of the soil parameters

Slope_.s

PCUyt ail 5

(organic C, total N, aggregates, moisture content)

R (Cusb )y 6 gen il STl (gl o sazms 035 525 ¢ JT 9 S)

PCr_,; ad go
(compaction, pH, electrolytic conductivity)
(S S s et ¢ S ,28)

IPYY

: 0.87 0.74%*
Maize

0.47*

L33 6 5 gy el s )3 s gme 7 Tk 5 %

*and **: Significant at 5% and 1% probability levels, respectively
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Effect of long term residue management, tillage and application of nitrogen
fertilizer on grain yield of maize (Zea mays L..) and soil properties

Safahani Langeroodi, A. R., ! T. Dadgar?, R. Pasandi®and M. Alavian*

ABSTRACT

Safahani Langeroodi, A.R., T. Dadgar, R. Pasani and M. Alavian. 2016. Effect of long term residue management, tillage and
application of nitrogen fertilizer on grain yield of maize (Zea mays L.) and soil properties. Iranian Journal of Crop Sciences.

18(1): 32-48. (In Persian).

To investigate residue management, tillage and appication of nitrogen fertilizer on maize grain yield and soil
properties a 7-years (2005-2011) field study was carried out at the research station of Qaemshahr Barnch,
Islamic Azad University, Qaemshahr, Iran. Experimental treatments included: (1) wheat straw management: plus
residue (+R) and minus residue (-R); (2) tillage system: zero tillage (ZT) and conventional tillage (CT); and (3)
Nitrogen rates: 0, 100, 200 (control) and 300 kg N ha* (N1-N4). Following 7 years of continuous practices,
ZT+RN4 and ZT+RN3 had the best soil quality and produced the highest maize grain yield with averages of
5250 and 5150 kg.ha™* in 2010 and 2011 , respectively). Removing the residues, i.e. treatments ZT + -R + N1
had average grain yileds of 2150 kg.ha ! in 2010 and 2011, that was the lowest yield and soil physical and
chemical properties in comparison with the other practices. Organic C, total N, moisture content, aggregates
stability, mechanical resistance, pH and EC were the soil characteristics which determined the differences in soil
quality between conventional tillage and zero tillage treatments. Soil organic C, total N, aggregate stability and
moisture content had the highest correlations with final maize grain yield (R = 0.87**). The findings of this
experiment suggest that ZT+R together with 200 kg N.ha* (N3) would improve some soil properties, maize

grain yield and could also be benficial for the sustainability of higher crop production systems.

Key words: Crop residue, Maize, Soil organic carbon and Tillage.
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