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Table 1. Some physical and chemical properties of soil used in the experiment.

Zn Cu Mn Fe P K Na ECq.py pH OM CCE C(Clay Sand Texture
Available (mg/kg)* (dSm™)  (1:1) (%) <l
o
1.0 1.8 90 30 27 400 195 1.1 785 0.8 158 103 732
Loamy sand
S oS Sl BB obie T S S calita c s EC (T sl ge :OM sles oS oy S :CCE
sl 3550 I sl S olend sl S5s (0 -Y s
Table 2. Some chemical properties of used organic fertilizers.
C/N N oc oM EC(I 2) pH(l 2)
(%) (dSm™) i) V)
I> >
18.7 0.95 17.8 30.7 13.5 8.5 e
Farmyard manure
sl - -
9.3 1.20 11.2 19.3 12.4 7.0 ' o s
Sewage sludge compost
5 Llen &
17.5 0.60 10.5 18.1 17.2 7.4 s
Municipal solid waste compost
coslil 5 40 ‘)] slas S 55 ol |8 chle Y Jyu
Table 3. Elements total concentrations in used organic fertilizers.
Pb Cd Mn Zn Cu Fe Na K Ca Mg P
(mg/kg) (mg/g)
T
94.3 9.7 148 101 399 5149 6.9 22.5 12.8 21.4 9.6
Farmyard manure
163.0 132 322 3276 3039 11972 2.9 5.6 28.0 56.2 8.7 ’ o s
Sewage sludge compost
130.7 105 262 245 306.9 13621 7.7 7.0 6.8 13.4 6.5 St Mo S

Municipal solid waste compost
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Table 4. Variance analysis of the effects of soil compaction and the source and amount of organic fertilizer on
some corn growth characteristics and water use efficiency.

Sl e o SSle
Mean squares )
- c s . S 055 bl - ol
ol O e LS Sp s s el Sl o ,lae . A OF Variation source
@l o

Water use efficiency  Chlorophyll index  Relative water content
Shoot dry weight

=
0.044™ 0.667™ 9.26™ 25.34™ 2 A
Replication
0.160™ 2.477%% 32.45% 70.20™ 1 o
Compaction (C)
]
0.126* 1.077* 66.04%* 65.39* 6 Sas
Organic fertilizer (OF)
Qfafié x Jﬂ 35S
0.014™ 0.54™ 438" 6.87™ 6
OFxC
eyl glas
0.046 0.302 6.70 21.97 26 i
Error
(1) S oS 2
14.66 12.98 3.78 14.28

CV (%)

" Non-significant, * Significant at P<0.05, ** Significant at P<0.01.

(Mo S pe (S (385 S (gl OT B pae a8 5 08 s, s Sy S sLenSKle amlis -0 g

Table 5. Means comparison of some maize growth characteristics and water use efficiency as affected by soil
compaction and the source and amount of organic fertilizer.

. ool o e S O
g_')‘ \_éf.m kas B
Sndsss Sa ol sl S s Je
Water use ' Level F
efficiency (g L") ~ Chlorophyll Relative water Shoot dry cevels actor
index content (%) weight (g pot™)
b ¢ be ¢ el
1.2 35 66.7 26.7
Control
(p SkSpSV0)
13 4% 67.9° 30.4" (52 (210 ol 28
15 g farmyard manure/kg
) ) ) ) (r 5 s e ST Ll
15° 46° 72.8 323 PAAS 2 g2 T s 28
30 g farmyard manure/kg ST sS ke o
Y se S ; e
1.5° 4.9 68.6" 34.5° (555 205100 oy g Source and
15 g municipal waste compost/kg amount of
(o5 L) Sl organic fertilizer
L.6" 4.4 72.8" 353" (5 2 £ e
30 g municipal waste compost/kg
(%Y $10) Ml - )
1.5° 45® 63.7° 34.4° (55 20510 I ol Soed
15 g sewage sludge compost/kg
. . . (S AS np SY) AL o s sy
16" 47 66.9° 36.1° (A2 05T P ol S
30 g sewage sludge compost/kg
L5 4.5 69.3° 34.1° 12gem” AL JEs
1.4% 3.9° 67.6° 31.5% 1.7gem? Bulk density

Means at each column and factor followed by the same letters are not significantly different by Duncan multiple
range test (P<0.05).
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Figure 1. The effects of different treatments on corn shoot dry weight.
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Figure 2. The effects of different treatments on water use efficiency (WUE) of corn.
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Figure 3. The effects of different treatments on relative water content (RWC) of corn leaves.

S Ay e e () gladsdr) Lag el
Jobe opl chle Sl el JT glas S G as
035 5 a5 31 oS L 3 5 oS o
LS w53 5 oAb b 5 S e el
anslia (Y0 OY) il anl i)l S by IS
A Sl 0 S Jds IS e ls sleeSile
Sb Sl S 8548 sl Ol S Ss 8 Lol
aSsba cils S 5 s IS Lasls 5 sl
Jods) s jaxla ol ghe 3 V0 als el
D2 S S S et el anylis (0
olis I glas,s 5 St S5 0s Lliwe 3 gl
55 Gobslime sl JT glas S o 33 o S 313
33 e i edalie SLx (85,05 mha 5> s
STlasss pla go a3 Sbr (505 o
Sl OB o v paS 0 SV las s L

Yo

S sls OLad uilyly w e 18 Jdy IS asls
sarls o Sl S5 ks 5 Jglas s Jol S
slasys lie S Js sy sl LS, Jebs IS
aelis (8 Jsd) 350 Jbolme St S5 25 5 T
Al 258 S 8518 el sl
s IS Laxls aS sl olas JT glas s Lol
sl bl I glassS O pa s L LaS
oS gm0 0 ST Glajles 5 S5, sbey
cla_w):&.:ﬁ)\:m dald a4 G e o
wuuug),t_u}_gu_ﬂdugjﬁj_fv. 5\0
2T adse 5 i S L S A sl
(2 e 055 edls Cdllas Ols Kokl olS 54
53 s IS ISCEs s e gl ol ol s
gl S Sl war 5 L o(Y0) il s OlalS

5 055,50 3l G S polie lls S 4



WAL (V) o jlond d0) s Jlasly adgi 9 S& Capprte g pul

o2 ld) f8 s plS s, L dlBher 05 S5
Sl s ke Ol S Jds IS
(s 5o ke Ol gty allan 3,50 e polis
35 alsd i s S ble L oS ol olis

Q)Hg@x—ﬂﬁ)ubhﬁjg\_.ib)bd@

o) 35 T=0 AV L Chligg=Y/6++ /YVVP o,
oL Ol osd Ao s VE oS das e 0L dslee
S bl Ol e O3 S b IS
534S 5yboles il e by slsa i
LS J3, 08 astls 558 o sdalin A Jsdr
Sslms cte Saaman &3 abyle i 055 L
Py Jds S LB an e Lo dh
Sl B s ol ot s S A5 5 olS

.J).g

J295lS Ll
Chlorophyll index

mDb=1.2 g'em"3
ab abe

bed ped

Esl N slassS O pan 2l 3y (g lalns
el el S Ss ks e sla il LalS
G geaS 5 el 35S S 3ls il 1, by iS
S S5hS e ST e s e by
s e 5,5 3Ll el b 1 (g lsbias 2oslis
ST S @ b S NS et Ol
gl > SLs £ S5k 53 S d S
St s sl 5o (8 JS2) 55 (S5 ,08
o b oS o 0 K el (5 A
= St Bl S pnS 5 (s 358 S
S A e i (E JS0) s S eSS
Sl Gl o S LIS clale )l
ol Az 5o s Laida s S A8 5 s g
0355 S o2 s 5 Jsb Bl s wlS ¢l

ODb=1.7 glcm”3

bedbed a0 bed

bed

Wy S Jds iS5 atls p il gbasles U -t IS

Figure 4. The effects of different treatments on leaf chlorophyll content of corn.
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Table 6. Variance analysis of the effects of soil compaction and the source and amount of organic fertilizer on
corn growth characteristics.

Sl 0L s
Mean squares o B el
S 5 oslaw Sy er S, dsb alo s oS gl | e Variation source
DF
Leaves numbers Leaf width Leaf length Stem diameter Plant height
) ) ) ) Y
0.310™ 0.052™ 2.08™ 0.019™ 214.8%* 2 A
Replication
0.381™ 0.181%* 6.5™ 0.043*% 257.5%* 1 2
Compaction (C)
i i
0.492™ 0.192%* 9.35% 0.055* 149.1%* 6 S5
Organic fertilizer (OF)
. . . . . S8 x Jos
0.048™ 0.018™ 2.19™ 0.013™ 53.4™ 6
OF xC
folosl glast
0.361 0.019 3.05 0.010 25.4 26 Il
Error
1) & s ;
432 2.05 448 53 6.06 i
CV (%)

" Non-significant, * Significant at P<0.05, ** Significant at P<0.01.

(I 358 e 5 ae (S (Fs 05 Sheod ©55 s, gl Sy lasSile amlie -V Jyir

Table 7. Means comparison of the maize growth characteristics as affected by soil compaction and the source
and amount of organic fertilizer.

S sl S, s S dsb sl b eL_f'CUu'Jl

sk Lol
Leaves Leaf Leaf Stem Plant Levels Factor
numbers width length diameter height
. . Aals
13.3° 6.4° 37.2° 1.7° 7.7
Control
. ‘ - ‘ . (¢ S5hS 2 1510 ls 558
13.8% 6.7° 39°° 1.8 §5.2° f = e
15 g farmyard manure/kg soil
(5_;3 Jf?"'} [E9)
14.2° 6.9% 39.4% 1.9 843" (A R 05T o8
30 g farmyard manure/kg soil i
| (K3 .
® be . ® . (pS5hS 2 £510) Ll CosaS S
14 6.7 39.8 1.9 85.7 s - . " ; Source and amount
g municipal waste compost/kg soi of organic fertilizer
. . . . . (b SAS 2o ST diloy S
14 6.8 40.7° 1.97° 875" f f
30 g municipal waste compost/kg soil
. ‘ ‘ . oGS e 510) OB el s
13.8% 6.8 375" 1.9° 81.7° f f -
15 g sewage sludge compost/kg soil
. . . . . (35S 2 SY) AL o s
14.2° 7.0° 393" 1.9° 85.7° f f o
30 g sewage sludge compost/kg soil
14* 6.8" 39.4* 1.9* 85.7° 12¢g cm? sl JE
13.8% 6.7° 38.6™ 1.8° 80.8" 1.7gem? Bulk density

Means at each column and factor followed by the same letters are not significantly different by Duncan multiple
range test (P<0.05).
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Figure 5. The effects of different treatments on corn height.
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Figure 6. The effects of different treatments on stem diameter of corn.
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Figure 7. The effects of different treatments on corn leaf length.
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Figure 8. The effects of different treatments on corn leaf width.
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Table 8. Correlation coefficients between the studied characteristics.

9 8 7 6 5 4 2 1
LIS oﬁﬁ Sldss =
1
1-Number of leaves per plant
Sx et
1 0.860%*
2-Leaf width
Srdb-v
0.538*%  0.717**
3-Leaflength
Sl s Slie -t
1 0.631* 0.297™ 0.422™
4-Leafrelative water content
oS 'ijl -0
1 0.406™  0.668**  0.645*  0.821**
5-Plant height
Sl s -1
1 0.70%* 0.378™  0.427™  0.854**  (0.770%*
6-Stem diameter
S 059 -V
1 0.761**  0.659* 0.199™ 0.558*  0.813**  (.728**
7-Dry Weight
. . S sl parla-A
1 0.628*  0.685**  0.650* 0.177™  0.380™  0.696**  0.792%*
8-Leaf chlorophyll index
of Gan S -4
1 0.646*%  0.994**  0.770**  0.665**  0.240™ 0.595%  0.846**  0.766**
9-Water use efficiency
" Non-significant, * Significant at P<0.05, ** Significant at P<0.01.
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Abstract

Background and Objectives: Soil compaction is one of the most prevailed limitations for crop
growth and yield. The use of organic matters as fertilizer on agricultural soils can reduce the
effects of soil compaction and provide the nutrients for the plants. On the other hand, organic
matter and water deficits are common in most soils of Iran. Increasing organic matter of soils by
application of farmyard manure (FYM), sewage sludge compost (SSC) and municipal solid
waste compost (MSWC) can improve physical, chemical and biological properties of soil and
increase water use efficiency (WUE) and plant growth. Therefore, this study was done to
evaluate the effects of FYM, SSC and MSWC on the growth characteristics and WUE of corn at
different levels of soil compaction.

Materials and Methods: A factorial experiment was carried out in a randomized complete
blocks design with three replications at Agricultural Research Station of University of Tabriz in
2012. The first factor was the source and amount of organic fertilizer (FYM, SSC and MSWC
and each of organic fertilizers at three levels of 0, 15, 30 g/kg soil) and the second factor was
two levels of soil compaction (1.2 and 1.7 g/cm’). Ten kilograms of dry soil were poured into
special PVC pots with internal diameter of 15.2 cm and corn (Zea mays cv. Single cross 704)
seeds were cultivated. During growth period leaf relative water content (RWC), amount of
water used and leaf chlorophyll index and at the end of growth period WUE, plant dry matter,
leaf length and width, stem diameter and plant height were measured.

Results: The results showed that application of all three types of organic fertilizers at both
levels of soil compaction caused an increase in plant dry matter, leaf length and width, stem
diameter, leaf chlorophyll index, RWC and WUE and the maximum of these characteristics was
obtained by application of 30 g organic fertilizers/kg soil. Soil compaction caused a decrease in
WUE, plant growth and above mentioned characteristics except number of leaves per plant.
Application of organic fertilizers and increasing their levels reduced the negative effects of soil
compaction on corn growth characteristics and WUE; so that at the soil compaction level of 1.7
g/em’, the corn growth in the 30 g of each fertilizer/kg soil was greater than the 15 g of them/kg
soil.

Conclusion: Soil compaction reduced corn plant growth and WUE. The negative effects of soil
compaction on corn growth characteristics can be reduced by application of FYM, SSC and
MSWC. In general, in order to increase WUE and corn growth, application of 30 g of FYM or
SSC or MSWC per kg soil can be recommended at similar (compacted and non-compacted)
conditions.
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