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A study on the effects of incorporated manure compost with chemical fertilizer on
nitrate leaching and grain yield under canola-soybean-wheat crop rotation in sandy soils
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ABSTRACT

Innovative strategies are needed to improve water and nitrogen use efficiencies in sandy soils. The objectives of
this study were to quantify the amount of nitrate leaching losses under conventional and integrated nutrient
management of canola and wheat. The experiment was carried out using a randomized complete-block design,
with three replications. Fertilization treatments including: urea (CF), urea + zeolite (CF-Z), urea + composted
manure (IF), urea + composted manure + zeolite (IF-Z) and control (CK). The maximum water deep percolation
was occurred after irrigation in November and May. The average of annual nitrate leaching losses for CF, CF-Z,
IF, IF-Z and CK were 53.64, 41.21, 33.16, 25.59 and 9.23 kg.ha™, respectively. The maximum and minimum
annual nitrate leaching factor were achieved with the CF (47%) and IF-Z (10%) treatments, respectively. Annual
nitrate leaching losses and annual nitrate leaching factor showed positive and significant correlations with the
amount of water inputs in the months. The IF-Z fertilizer treatment produced the highest grain yield for canola
(3661.5 kg.ha™) and wheat (4058.9 kg.ha™). The results showed that application of manure compost and zeolite
could be a useful methods for decreasing chemical fertilizer application rates and improving the sustainability of
agricultural systems.
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Figure 1. Concentrations of nitrate and amount of nitrate leaching losses in the monitoring period from
2010 to 2014.
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Figure 2. Annual nitrate leaching losses and annual nitrate leaching factors in the 100 cm soil layer during
the monitoring period from 2010 to 2014.
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Table 1. Regression relationship between annual nitrate leaching losses and Annual nitrate leaching
factor, in the 100 cm soil layer with all forms of water inputs.

Items CF CF-Z
Annual nitrate Annual nitrate leaching Annual nitrate leaching Annual nitrate leaching
leaching losses factor losses (kg/ha) factor
(kg/ha) (%) (%)
Annual precipitation (mm) y = -0.17 + 88.54 y =-0.18+68.14 y =-0.15+67.70 y =-0.11+45.12

R =022(p-052) 2 _ 051(P=017) R?=027(P=033) R%=068(p=010)

Annual irrigation (mm) y = -0.13+118.61 y =-0.20+137.42 y =-0.02+53.08 y =-0.10+76.11

RZ-015(p=060) R®=020(P=031) R®-013(P=088) R® =006 (P =0238)

Total water inputs in the y =0.08-0.74 y =0.05-0.51 y =0.072-0.96 y =0.04-0.67
months (mm)
2 2 2
R2 =0.82 R =0.78 R =087 R~ =085
(P =212E - 10) (P =6.98E — 12) (P =467E —15) (P =247E - 14)
Items IF IF-Z
Annual nitrate Annual nitrate leaching Annual nitrate leaching Annual nitrate leaching
leaching losses factor losses (kg/ha) factor
(kg/ha) (%) (%)
Annual precipitation (mm) y = -0.09 + 49.57 y = -0.06 + 30.08 y =-0.07+38.96 y =-0.04+21.38

R -050(p=010) R?=073(P=009) R®=016(P=017) R®=050(p=018)
Annual irrigation (mm) y = ~0.03+16.66 y=-004+4058  y=-0001+2615  y=-005+40.31

R? —005(p=076) R”Z=-022(P=052) R?=-011(P=095) R =026(P=028)

Total water inputs in the y = 0/05-0/56 y =0.02-0.38 y =0.04-049 y =0.02-0.33
months (mm)
R2 =0/88 R2 =083 R2 =0.75 R2 =0.80
(P =3/51E -15) (P =177E -13) (P =2.34E -14) (P = 293E - 12)

3 0adg Sl Dlas (g5, (B955 sloled 9 Jlo) cialies sl yal iy ST (Sles o :50k0) il lg 42325 .Y Joor

PR SNy
Table 2. Analysis of variance (mean squares) for the effects of different parameters (year and fertilizer
treatments) on the measured traits in canola and wheat.

A. Canola
Source of variance DF Grain yield Nitrate concentration Nitrate leaching losses
Year (Y) 1 46".10640 4542 66".62
Replication x Year 4 89.104413 445 82.0
Fertilizer treatments (F) 4 00™.4829215 15™.752 431273
FxY 4 04°.179313 01".16 617.38
Error 16 40.58377 90.4 56.1
CV (%) 86.10 15.10 06.7
B. Wheat
Source of variance DF Grain yield Nitrate concentration Nitrate leaching losses
Year (Y) 1 01™.4871 41640372 137230741
Replication x Year 4 88.15281 410573.0 192447.0
Fertilizer treatments (F) 4 18™.7605939 181308™.752 1550201133
FxY 4 67".150173 902762".20 864997".16
Error 16 14.46244 533890.1 413913.0
CV (%) 68.7 435 41.12
e @

(S gl g 2o 0 ) o 0 Jlaisl maw o (gl g S NS 5T
“, ™ and ns: Significant at 5%, 1% probability levels and not significant, respectively.

90 B 0 Cao 90,8 gl Jlo x (20055 slojles oul Ay Oy € oo 9 Ol oo cdale
Sy Sl ity (¥ Jpi2) o3 Jogma oS Mite Jl g gaesS lafors ol



Cawsddy (pebims by Ol sl Glie )
solatwl a5 axiils oyl ubize 5l cdn ool ol
(Evanylo et al., 2008; Leclerc et al., 1995) ss 5
5 S Shogas S bl CevgsS
ol iy g drng 4 e (S Gleend
Solgiy 008 o0 mpal SRelS e i
posigal aiile olaygslS a5 ongr (5,5 ddlie (gl
S Sl wymws g 485 18 ol e >l
(Baerlocher et al., o543 o0 z )5 yomnlSoty s

ol aidly zels Olps sedal Gl

Canola
©1389 ®1391 a

Grain yield (kg/ha)

4500
4000
3500
3000
2500
2000
1500
1000

500

Nitrate concentration (mg/l)

457
401
351
301
251

0.

Of

Olieets Gialesl pgs Jlo 5o CF Ll 51 Sloj o
S Gl ke (eSS g 2 g e 5 Lo YAAY
2 S ke OIAD Jladeas alesl pgs Jlo jo CK
LS o (F USE) el cewsay LIS oLS ol yid
e ol cbale g eS g o yien i pasS
£S5 o OIFA o F+/F0 lyeeds CK 5 CF Lo o
Sl e (V) JS8) wd osalie )
FUPY 5 OFNF Jaie b CF o 5l oadares
odalive paiS 5 LIS sl o ey LS 50 5 okS
Y Loll 4 o cudgsy )l eolatwl (¥ JSK0) o
slales o cuiga ol s ‘5.9..“1 Goy Ve g

Wheat
©1390 @1391 a

R =

RS

R

R

53

Y

— 60 60
E a
2 50 50+ ;.
£ 40{ 7 L 40
- 224
2 301 & a4 304
S ¢ %
g 20 & ; 20
] 04
£ 101 % o 10 B
£ 94 %2 95] ==
IF-Z CK CF CF-Z

Fertilizer treatments

5 115 ils 5, 8hos 5 s cdale WS astal Slao gl Jlo x 25955 slaylest Jlie 1 eSilos anglie ¥ S

Figure 3. Mean comparison of interaction effects of fertilizer treatments x year on nitrate leaching losses,
nitrate concentrations and grain yield of canola and wheat.
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