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Abstract:

A continuous use of soils for a long period without appropriate management in
plant production can cause soil deterioration and a consequent low production
potential. Therefore, a long-term experiment was conducted since 1981 to investigate the
effect of fertilizer management and cropping systems in Samo Thod clayey soils under
maize production at Nakhon sawan Field Crops Research Center. The experiment was
designed in RCB with 12 treatments consisting of three cropping systems such as maize -
sorghum, maize - mung bean and maize - lablab bean overlaid with four methods of
fertilizer application for maize production i.e. without fertilizer application, chemical
fertilizer application at nutrients level of 10-5-5 kg N-P,0O5-K,O/rai, chicken manure
application at a rate of 1,000 kg/rai and a combination of chemical fertilizer at nutrients
level of 10-5-5 kg N-P,0Os-K,O/rai and chicken manure application at a rate of 1,000 keg/rai.

The results during the 30" — 34" years of operation showed that the soil organic
matter in maize-lablab bean cropping system remained at a higher level than the maize-
sorchum and the maize-mung bean cropping systems. A comparison between four
methods of fertilizer management on soil properties showed that application of chicken
manure caused the lowest depletion of soil organic matter and the highest accumulation
of phosphorus and potassium. Whereas, application of chemical fertilizer caused higher
depletion of soil organic matter than the application of chicken manure but less than the
treatment without fertilizer application which soil organic matter, phosphorus and
potassium highly declined.

Analysis of economic return showed that the maize-mung bean cropping system
resulted in higher economic return than the maize-sorghum and maize-lablab bean
cropping systems. Among those three cropping systems, fertilizer application for maize at

nutrients level of 10-5-5 kg N-P,0Os-K,O/rai showed the highest economic return.

Key Words: Maize, Sorghum, Mung bean, Lablab bean, Chemical fertilizer, Chicken manure
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\adE 3.6 Alansu N siols Weavleaiade 0.07 Alansu P sels uarlnuva@eniade 0.7 Alanfu K
pols (Table 6)

Tuvafimsugniudundsnniuforinlnalaglildads wui Suwulinandnade
60 Alanfusiols Uhinusmomnsludiusinnvesindesznouselulsiauwade 4.5 Alandu N
sols Weanosaadn 0.5 Alansu P siols wazlwuna@omiade 3.7 Alansu K sels (Table 7) @4
lulasauunsdinenaldananmsnidlulasauanusseinalaelsladonfiendoegusiiusin
dudeafuiuder wililssaulududvdndngaraueglusunasudn Fauieilflulanaugy
meeonlunniuilasnandntesniidauder wilunenduiumsgniuduilifilulasauldndy
adluludulaenislanaumsenduluinnmindaden  mmiwandndandueenluaniiufiviiliiism

gnsniggmeeenlulseneumelulasiaunds 2.0 Alansu N sials Weanesanie 0.22 Alansu P

fols waslnunadouade 1.1 Alansu K sels (Table 7)

Usinusigenslulawsnniivitlanavadlulufuuasiigywelufunanaalussuy
Ugnilwiifidhalnaduiamén

Tuszuuugnitsiidninadufivvdnuazugndshaduiivay salanauiewendily
Flnakaztiiieasiisigeimstdanauasiulufudsenaunislulasiau 5.0 Alandu N sols
vloamla3a 0.9 Alanu P sels uavlnunaidon 14.2 Alansu K siols drusimemnsiigymesenly
Mnituilnsnandnvosdninauazdinssznoudelulasiau 11.3 Alansu N dels weanosa 2.9
Alansu P siols warTnuna@eon 4.3 Alan3u K ssls dawluszuviiugninlnamusnedndes Wela
nautavnduludnlnauazdudoraziisnnemislanduaslulufudsznoudslulasiau 4.7
Alan3u N sials Wearlesa 0.5 Alansu P sials waslwunaduy 11.0 Alandu K sials d1us1991M13
fanmesenluiniuilnenandnvesininawardudenszneudelulasiau 129 Alandu N dals
vioamle3a 2.2 Alan3u P siols wazlwuna@en 5.3 Alan3u K siels lusasfisyuuiiugndnlnany
el Welonauimsenduludnlnauaziuuuaziismemslanduadlulufuusznaudae
lulnsiau 5.8 Alandu N sels Weaweda 0.7 Alansu P dely uavlnunaey 10.7 Alansu K dals
dusgesiigymeesniuaniiuilassandnvesininawasdudeiusenoudelulnsnau 11.2

Alansu N sals veavesa 2.4 Alansy P fals wazlwunawey 4.6 Alansu K sials (Table 8)
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Table 1. Characteristics of Samo Thod Soil profile

Soil depth Soil Mottle Soil Bulk density Soil
(cm) color color texture (g/cm3) pH
0-34 75YR3/2 5YR 4/4 Loamy clay 1.58 6.8
dark brown Reddish brown
34 - 70 5YR 4/4 - Clay 1.51 5.4
Reddish brown
70 - 110 75YR4/2 2.5YR4/4 Clay 1.57 5.1
Brown Reddish brown
Bed rock

Table 2.  Chemical properties of Chicken manure

Analytical parameters Analytical data
Moisture (% on fresh weight basis) 21.24
pH 1:2 8.18
EC 1:10 (dS/m) 4.48
/N 8.21
Organic matter (%) 26.9
Organic carbon (%) 15.6
Nitrogen (%) 1.9
Phosphorus (%) 1.6
Potassium (%) 2.5
Calcium (%) 9.3
Magnesium (%) 1.0
Zinc (mg/kg) 546

Table 3. Maize grain yield at 15% moisture content during 2011-2015

Treatments Maize grain yield (kg/rai)

2011 2012 2013 2014 2015 Average
Maize (No CF)/Sorghum 388 286 204 352 224 291
Maize (CF)/Sorghum 862 715 516 926 292 662
Maize (OF)/Sorghum 848 936 710 859 168 704
Maize (CF+OF)/Sorghum 1063 1082 722 781 51 740
Maize (No CF)/Mung bean 480 438 225 397 250 358

Maize (CF)/Mung bean 876 867 585 837 315 696
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Maize (OF)/Mung bean 902 1123 846 917 472 852
Maize (CF+OF)/Mung bean 1050 1088 869 886 479 874
Maize (No CF)/Lablab bean 432 404 226 474 172 342
Maize (CF)/Lablab bean 901 882 814 760 445 760
Maize (OF)/Lablab bean 1051 1036 808 735 123 751
Maize (CF+OF)/Lablab bean 1196 1078 799 846 391 862

Table 4. Nutrients uptake of Nakhon Sawan 3 maize grown on Samo Thod Soil at Nakhon

Sawan Province.

Maize Dried N P K N uptake P uptake K uptake

matter (%) (%) (%) (kg N/rai) (kg P/rai) (kg K/rai)
Stalks 262 0.35 0.04 1.82 1.0 0.1 53
Leaves 309 0.51 0.06 0.51 1.6 0.2 1.7
Ear husks 151 0.51 0.06 0.74 0.8 0.1 1.1
Grain 607 1.38 0.32 0.45 8.7 2.1 2.9
Cob 113 0.39 0.05 0.63 0.4 0.1 0.7
Total uptake (kg nutrient/rai) 12.5 2.6 11.6

Average yield of maize was about 723 kg/rai.

Table 5. Nutrients uptake of sorghum grown on Samo Thod Soil at Nakhon Sawan Province.

Sorghum Dried N P K N uptake P uptake K uptake

matter (%) (%) (%) (kg N/rai) (kg P/rai) (kg K/rai)
Stalks 190 0.34 0.12 2.26 0.6 0.2 a3
Leaves 210 0.50 0.14 0.89 1.1 0.3 1.9
Grain 206 0.90 0.32 0.09 1.8 0.7 0.2
Rachis 60 0.53 0.15 0.95 0.3 0.1 0.5
Total uptake 39 1.3 6.9

Average yield of sorghum was about 236 kg/rai.

Table 6. Nutrients uptake of mung bean grown on Samo Thod Soil at Nakhon Sawan Province.

Mung bean Dried N P K N uptake P uptake K uptake

matter (%) (%) (%) (kg N/rai) (kg P/rai) (kg K/rai)
Stalks 51 0.88 0.06 4.03 0.5 0.03 2.1
Leaves 37 2.28 0.06 2.35 0.9 0.02 0.9
Grain 98 3.60 0.06 1.32 35 0.06 1.3
Hull 19 0.69 0.06 2.15 0.1 0.01 0.4

Total uptake 5.0 0.12 a.7
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Average yield of mung bean was about 111 kg/rai

Table 7. Nutrients uptake of lablab bean grown on Samo Thod Soil at Nakhon Sawan Province.

Lablab Dried N P K N uptake P uptake K uptake
bean matter (%) (%) (%) (kg N/rai) (kg P/rai) (kg K/rai)
Stalks 179 0.83 0.14 1.25 1.6 0.23 2.5
Leaves 28 3.22 0.20 0.59 0.9 0.05 0.2
Grain 49 2.68 0.36 0.98 1.3 0.18 0.5
Hull 35 2.05 0.14 1.63 0.7 0.04 0.6
Total uptake 4.5 0.50 37

Average yield of lablab bean was about 60 keg/rai.

Table 8 Nutrients return by incorporation of crop residues and nutrients loss by yield

components in different maize cropping systems

Cropping systems N P K
(kg N/rai) (kg P/rai) (kg K/rai)

Maize - sorghum cropping system

® Return 50 0.9 14.2

® |oss 11.3 2.9 4.3
Maize - Mung bean cropping system

® Return a.7 0.5 11.0

® |oss 12.9 2.2 53
Maize - Lablab bean cropping system

® Return 58 0.7 10.7

® |oss 11.2 24 4.6

Table 9. Benefit to cost ratio (BCR) of fertilizer application for maize grown on Samo

Thod soils at Nakhon Sawan Province

Treatments Maize 2nd Fix Variable Total Income Benefit BCR
yield crops cost cost cost
yield
ke/rai Baht/rai
Maize (No CF)/Sorghum 291 148 1,490 175 1,665 3,109 1,445  0.87
Maize (CF)/Sorghum 662 219 1,490 1,323 2,813 6,368 3,555 1.26
Maize (OF)/Sorghum 733 393 1,490 2,662 4,152 7,952 3,799 091
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Maize (CF+OF)/Sorghum
Maize (No CF)/Mung bean
Maize (CF)/Mung bean
Maize (OF)/Mung bean
Maize (CF+OF)/Mung bean
Maize (No CF)/Lablab bean
Maize (CF)/Lablab bean
Maize (OF)/Lablab bean
Maize (CF+OF)/Lablab bean

710
358
696
845
881
342
760
759
853

473
62
147
169
193
26
52
77
81

1,490
1,920
1,920
1,920
1,920
1,360
1,360
1,360
1,360

3,575

215
1,344
2,730
3,677

205
1,382
2,678
3,660

5,065
2,135
3,264
4,650
5,597
1,565
2,742
4,038
5,020

8,258
4,585
9,728
11,530
12,501
2,864
6,318
6,560
7,324

3,194
2,450
6,464
6,881
6,903
1,299
3,576
2,522
2,304

0.63
1.15
1.98
1.48
1.23
0.83
1.30
0.62
0.46

Note:

Cost of tillage, seeds, planting and chemicals = 960 Baht/rai
Cost of fertilizers: urea = 12.5 Baht/kg, 15-15-15 = 18 Baht/kg, chicken manure = 0.75 Baht/kg

Cost of maize harvesting = 0.6 Bahf/kg grain

Cost of 2" crops planting = 200, 220 and 200 Baht/rai for sorghum, mung bean and lablab bean,

respectively.

Cost of 2™ crops harvesting = 250, 650 and 200 Baht/rai for sorghum, mung bean and lablab bean,

respectively.

Price of grain = 7.63, 6.0, 30.0, 10.0 Baht/kg for maize, sorshum, mung bean and lablab bean,

respectively
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Maize planting date: 15 May 2011

2" crops planting date: 19 September 2011
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Figure 1. Daily rainfall and air temperature at Nakhon Sawan Meteorological Station (Takfa)

during January 2011 to December 2011
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Figure 2. Daily rainfall and air temperature at Nakhon Sawan Meteorological Station
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Figure 3. Daily rainfall and air temperature at Nakhon Sawan Meteorological Station (Takfa)

during January 2013 to December 2013



e
£
c 120.0
&
o 100.0
3
o 80.0
@]
= 60.0
2
< 40.0
c
O
= 200
O
k=
'© 0.0
>
‘©
=

Maize planting date: 21 May 2014
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Figure 4. Daily rainfall and air temperature at Nakhon Sawan Meteorological Station (Takfa)
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Maize planting date: 14 May 2015
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Figure 5. Daily rainfall and air temperature at Nakhon Sawan Meteorological Station (Takfa)

during January 2015 to December 2015
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Figure 7. Changes of soil pH under different methods of fertilizer management

=@-Maize-Sorghum  —epe=Maize-Mung bean —g=Maize-Lablab bean

& o o) O ) A 9 N @) )
\® N N ) Q Q Q \ \ \"
S I D Y
Sk
W Year

Figure 6. Changes of soil pH under different maize cropping systems

—@-\Without fertilizer —t—Chemical fertilizer (CF)
== Chicken manure (CM) -@=—CF + CM
X (¢ > O p) QA 9 N &) \2)
> Xe) > S Q Q Q N N N
S A S
\,O)o,
A.
?\

for maize production

19



=@—Maize-Sorghum e Maize-Mung bean «=Maize-Lablab bean

3.5
g 3.0
o
£ 25
(©
E M
2 20
©
o
© 15

1.0

& (o} o) W g} A O N & \e)
NO N X®) ) Q Q Q \ \ \%
S R I U S
§9
A.
?\
Year
Figure 8. Changes of soil organic matter content
under different maize cropping systems
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Figure 9. Changes of soil organic matter content under different methods of

fertilizer management for maize production
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Figure 10. Changes of available phosphorus content in soils

under different maize cropping systems
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Figure 11. Changes of available phosphorus content in soils

under different methods of fertilizer management for maize production
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Figure 12. Changes of exchangeable potassium content in soils
under different maize cropping systems
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Figure 13. Changes of exchangeable potassium content in soils

under different fertilizer managements for maize production
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Figure 14. Maize grain yield as affected by cropping system

and fertilizer management



