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Abstract

This research aims to study and find out the suitable cropping system and fertilizer
management with organic materials to increase corn production and maintaining soil
productivity in a farmer’s field. The trial was done on clay soil at Phetchabun province, during
2017 - 2018 (two years) which was cultivated on field crop with various cropping systems under
rain-fed condition. The experimental design was split plot in a randomized complete block with
six replications and Nakhon Sawan 3 variety as a selection variety for this trial. Main plot as two
cropping systems were a monoculture as a corn planting (M1) and a sequential cropping as
mung bean-corn planting (M2). Sub plot as a fertilizer management with 4 levels were 1.)

control 2.) 15-10-10 kg N-P,05-K,O/rai as 100% of the fertilizer recommended rate based on soil



analysis 3.) 7.5-10-10 kg N-P,0s-K,O/rai+ chicken manure 700 kg Dry weight/rai and 4.) 7.5-10-10

ke N-P,O5-K,O/rai+ chicken manure 700 kg Dry weight/rai + PGPR biofertilizer.

The results illustrated that both types of soil management as cropping systems in the first
growing year did not effected the growth of corn. But It effected in the second growing year
which a sequential cropping (mung beans - corn) provide height and yield that higher than just
corn cultivation. In addition, fertilizer application has a significant effect on the growth of corn.
In the same way as the production. Fertilizer managament on treatment no.2 at rate 15-10-10
ke N-P,0Os-K,O/rai with a sequential cropping gave the highest corn product. In the other hand,
treatment as control (without fertilization) was giving the lowest yield. However, a benefit-cost
ratio (BCR) was found that in 2017/2018 cropping systems with a sequential cropping (mung
bean- corn) and without fertilization in 2017 gave the highest BCR = 1.89 while in the second
year (2018) treatment no. 2 as fertilizer application (15-10-10 kg N-P205-K20/rai) gave the
highest BCR = 1.19. For the soil chemical properties after harvested was found that cropping
systems have affected the changing to increase the amount of nutrients in the soil as organic
matter, available phosphorus and exchangeable potassium. It is evident that the planting of
corn in the area of clay soil provides low returns. In addition, the climate affects the quantity
and quality of corn products clearly do not grow corn after planting mung beans in the middle

of the rainy season (late July - early August).
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Table 1 Soil properties before planting corn at 0 - 20 cm depth

EC
pH oM Avail. P Exch. K BD
(1:5) Texture
(1:1) (%) (mg/kg) (mg/kg) (g/cm?)
(dS/m)
5.8 0.02 1.67 1.15 85.6 Clay 1.51
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=== Daily rainfall A Tmax @ Tmin

Figure 1 Daily rainfall and air temperature at Phetchabun meteorological station during January
to December 2017.
Note: Planting date  : Mung bean on 19 May 2017 and corn on 5 August 2017

Havesting date : Mung bean on 23 July 2017 and corn on 5 December 2017

Air temperature data was collected at Mueang district and located about 50 km from field trial.

Daily rainfall data was collected at Lomsak district and located about 15 km from field trial.
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== Daily rainfall A Tmax @ Tmin

Figure 2 Daily rainfall and air temperature at Phetchabun meteorological station during January

to December 2018.
Note: Planting date  : Mung bean on 3 May 2018 and corn on 20 July 2018
Havesting date : Mung bean on 4 July 2018 and corn on 13 November 2018
Air temperature data was collected at Mueang district and located about 50 km from field trial.

Daily rainfall data was collected at Lomsak district and located about 15 km from field trial.
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Table 2 Properties of chicken manure in 2017/2018

Value Nutrient content of 700 kg DW/rai
Parameters
2017 2018 2017 2018
Moisture 20.63 % wet 16.82 % wet - -
basis basis
pH (1:5) 7.51 8.04 - -
EC (1:10) 1.85 dS/m 3.86 dS/m - -
OM a7.70 % a7.79 % 333.90 kg OM/rai 334.53 kg OM/rai
OoC 27.67 % 23.66 % 193.69 kg OC/rai 165.62 kg OC/rai
C/N ratio 11.07 11.60 - -
Total N 2.50 % 2.04 % 17.50 kg N/rai 14.28 kg N/rai
Total P,Os 2.86 % 1.24 % 20.02 kg P,Os/rai 8.68 kg P,Os/rai
Total KO 0.27 % 0.78 % 1.89 kg K,O /rai 5.46 kg K,O /rai
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Table 3 Nutrient concentration and uptake in different parts of mung bean in clay soil at

Phetchabun in 2017.

Plant Dry weight | Nutrient concentration (%) Nutrient uptake (kg/rai)
parts (kg/rai) N P K N P K
Stalk 95 1.58 0.25 1.32 1.51 0.24 5.00
Leave 259 3.17 0.23 0.36 8.21 0.59 3.71
Nutshell 85 0.97 0.07 0.49 0.82 0.06 1.66
Grain 204 4.33 0.50 0.36 8.84 1.01 2.94
Total 643 19.39 1.90 13.3
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Table 4 Nutrient concentration and uptake in different parts of mung bean in clay soil at

Phetchabun in 2018.

Plant Dry weight | Nutrient concentration (%) Nutrient uptake (kg/rai)
parts (kg/rai) N P K N P K
Stalk 160 0.25 0.22 6.40 0.39 0.34 10.25
Leave 129 0.50 0.25 2.10 0.65 0.32 2.72
Nutshell 149 0.20 0.12 1.78 0.29 0.18 2.66
Grain 109 0.87 0.52 1.12 0.96 0.56 1.22
Total 547 2.30 1.41 16.85
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Table 5 Plant height at 30 days (cm) after planting under different cropping systems and
fertilizer management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017/2018.

Cropping systems Cropping systems Avg.
Fertilizer (F) Ave.
(Q 2017 (O 2018 2 yrs.




(kg N-P,05-K,O/rai) Comn Mung (F) Comn Mung Avg. (F

bean - bean - (F)

Corn Corn
Without fertilization 33c 35c¢ 34 67 66 66c 50
15-10-10 53 b 68 a 61 73 71 2b 67
7.5-10-10 + Chicken manure 67 a 59b 60 78 75 76 ab 68
7.5-10-10+ Chicken manure + PGPR 59 b 59b 59 7 79 78a 69
Average (Q) 51 55 53 74 73 73 64
F-test (Cropping systems) ns ns
F-test (Fertilizer) ** **
F-test (Cropping systems x Fertilizer) x> ns
v (Q 8.9 % 11.7 %
CVv (F) 9.8 % 8.8 %

Means followed by a common letter are not significantly different at 5% level by DMRT
ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 6 Plant height at 60 days (cm) after planting under different cropping systems and
fertilizer management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017/2018.

Cropping systems Cropping systems Avg.
(©) 2017 (C) 2018 Avg.  2yrs.
Fertilizer (F) Avg.
Com Mung Comn Mung (3] (F)
(kg N-P,O5-K,O/rai) F)
bean - bean -
Corn Corn
Without fertilization 55d 49 d 52 149 159 154 b 103
15-10-10 154 ab 169 a 162 189 205 197a 180
7.5-10-10 + Chicken manure 146 b 144 b 145 189 200 194a 170
7.5-10-10+ Chicken manure + PGPR 132 ¢ 139 ¢ 136 187 207 197a 167
Average (C) 122 125 124 178 b 193 a 185 155
F-test (Cropping systems) ns *
F-test (Fertilizer) ** **
F-test (Cropping systems x Fertilizer) *x ns
cv (O 52 % 7.9 %
CV (F) 4.2 % 4.8 %

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 7 Plant height at harvest (cm) after planting under different cropping systems and
fertilizer management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017/2018

Cropping systems Cropping systems Avg.
(C) 2017 (C) 2018 Avg. 2 yrs.
Fertilizer (F) Avg.
Com Mung Corn Mung F (F)
(kg N-P,0s-K,O/rai) ()
bean - bean -
Corn Corn
Without fertilization 98 d 100 d 99 149 162 156 b 128
15-10-10 158 b 173 a 165 188 204 197a 181
7.5-10-10 + Chicken manure 152 b 151 b 151 186 199 193a 172
7.5-10-10+ Chicken manure + PGPR 141 ¢ 143 c 142 183 207 195a 169
Average (C) 137 141 139 177b 193 a 185 162
F-test (Cropping systems) ns *
F-test (Fertilizer) ** **
F-test (Cropping systems x Fertilizer) x* ns
ava(@) 3.9 % 9.4 %
CVv (F) 3.1% 4.8 %

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 8 Stand count (plant/rai) under different cropping systems and fertilizer management for

Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017/2018.

Cropping systems Cropping systems

(C) 2017 (C) 2018 Avg. Avg.
Fertilizer (F)

(kg N-P,0s-K,O/rai)

Corn Mung Avg.(F) Corn Mung (F) 2 yrs.

bean - bean - (F)
Corn Corn
Without fertilization 9,689 10,000 9,844 b 11,284 10,126 10,705 10,275
15-10-10 10,667 10,667 10667a 10,648 10,048 10,348 10,508
7.5-10-10 + Chicken manure 10,667 10,667 10,667 a 10,688 9,145 9,916 10,292
7 5.10-10+ Chicken manure + 10,667 10,667 10,667a 12,017 9,594 10,806 10,737
PGPR
Average (C) 10,423 10,500 10461  11,159a  9,728b 10444 10,453
F-test (Cropping systems) ns *x
F-test (Fertilizer) ** ns
F-test (Cropping systems x Fertilizer) ns ns
v (Q 21 % 13.4 %
CV (F) 1.9 % 15.8 %

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 9 Stalk fresh weight (kg/rai) under different cropping systems and fertilizer management

for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017/2018.

Cropping systems Cropping systems
(C) 2017 (O) 2018 Avg. Avg.
Fertilizer (F)
Corn Mung Avg.(F) Corn Mung (F) 2 yrs.
(kg N-P,05-K,O/rai)
bean - bean - (F)
Corn Corn
Without fertilization 312 377 345 ¢ 575 539 557 b 451
15-10-10 712 669 691 a 693 815 754 a 723
7.5-10-10 + Chicken manure 530 508 519b 805 726 765 a 642
7.5-10-10+ Chicken manure + 396 360 378 c 825 849 837 a 608
PGPR
Average () 488 479 483 724 732 728 606
F-test (Cropping systems) ns ns
F-test (Fertilizer) ** **
F-test (Cropping systems x Fertilizer) ns ns
v () 17.8 % 23.1 %
CV (F) 19.3 % 20.7 %

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 10 Ears fresh weight (kg/rai) under different cropping systems and fertilizer management

for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017/2018.

Cropping systems Cropping systems

(C) 2017 (C) 2018 Avg. Avg.
Fertilizer (F)

(kg N-P,0s-K,O/rai)

Corn Mung Avg.(F) Corn Mung (F) 2 yrs.

bean - bean - (F)
Corn Corn
Without fertilization 37 e 111 d 74 348 395 371 b 223
15-10-10 129 ¢ 336 a 232 576 743 659 a 446
7.5-10-10 + Chicken manure 134 ¢ 162 b 148 608 622 615 a 382
7.5-10-10+ Chicken manure + 96 d 154 ¢ 125 618 724 671 a 398
PGPR
Average (Q) 99 191 145 537 b 621 a 579 362
F-test (Cropping systems) x> *
F-test (Fertilizer) ** x*
F-test (Cropping systems x Fertilizer) ** ns
[@vA(@) 49.6 % 20.2 %

CV(F) 32.6 % 19.8 %




Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 11 Shelling (%) under different cropping systems and fertilizer management for Nakhon

Sawan 3 hybrid corn in clay soil at Phetchabun in 2017/2018.

Cropping systems Cropping systems
(C) 2017 (C) 2018 Avg. Avg.
Fertilizer (F)
Com Mung Ave.(F) Comn Mung F 2 yrs.
(kg N-P,05-K,O/rai)
bean - bean - (F)
Corn Corn
Without fertilization 735 a 61.7b 67.6 68.1 71.9 70.0 68.8
15-10-10 78.0 a 75.0 a 76.5 75.6 82.6 79.1 77.8
7.5-10-10 + Chicken manure 73.7 a 76.5 a 75.1 75.0 78.1 76.5 75.8
7.5-10-10+ Chicken manure + 76.5a 74.2 a 75.3 73.6 76.5 76.5 75.9

PGPR




Average (C) 75.4 a 718 b 73.6 73.1b 755 a 75.5 74.6

F-test (Cropping systems) * **
F-test (Fertilizer) ** ns
F-test (Cropping systems x Fertilizer) x> ns
v (O 6.7 % 3.8 %
CVv (F) 6.5 % 13.9 %

Means followed by a common letter are not significantly different at 5% level by DMRT
ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 12 Corn grain yield at 15% moisture content (kg/rai) under different cropping systems
and fertilizer management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in

2017/2018.

Cropping systems Cropping systems
(C) 2017 (C) 2018 Avg. Avg.
Fertilizer (F)
Corn Mung Avg.(F) Corn Mung (F) 2 yrs.
(kg N-P,05-K,O/rai)
bean - bean - F
Corn Corn
Without fertilization 23 e 84 c 54 221 278 249 b 152

15-10-10 100 ¢ 264 a 182 415 581 498 a 340



7.5-10-10 + Chicken manure 106 ¢ 125 ¢ 115 441 451 446 a 281

7.5-10-10+ Chicken manure + 74d 122 ¢ 98 460 563 511a 305
PGPR

Average (Q) 76 b 149 a 112 384 b 468 a 426 269
F-test (Cropping systems) ** *

F-test (Fertilizer) ** **

F-test (Cropping systems x Fertilizer) x> ns

cv () 54.6 % 20.2 %

Qv (D) 34.6 % 26.6 %

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 13 Nutrient concentration (%) in corn stalk under different cropping systems and fertilizer

management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017.

Nutrient concentration (%) in corn stalk under different cropping systems

Fertilizer (F) Nitrogen Phosphorus Potassium
(kg N-P,05-K,0/rai) Corn Mung Corn Mung Corn Mung
bean - Avg(F) bean -  Avg(F) bean -  Avg(F)

Corn Corn Corn




Without fertilization 0.14 0.14 0.14 a 0.37 0.33 0.35a 1.56 a 1.35b 1.46
15-10-10 0.09 0.13 0.11b 0.22 0.16 0.19b | 155a 1.39b 1.47
7.5-10-10 + Chicken manure 0.14 0.13 0.13 a 0.37 0.30 0.34 a 1.27b 1.47 ab 1.37
7.5-10-10+ Chicken manure +

0.12 0.12 0.12 ab 0.25 0.35 030a | 1.21b 1.61 a 1.41
PGPR
Avg(CQ) 0.12 0.13 0.13 0.30 0.29 0.29 1.40 1.45 1.43
F-test (Cropping systems) ns ns ns
F-test (Fertilizer) * ** ns
F-test (Cropping systems x Fertilizer) ns ns **
[avi(e)] 11.3 12.5 10.6
vV (P 16.8 29.2 8.7

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, *

Table 14 Nutrient content (kg/rai) in corn stalk under different cropping systems and fertilizer

significant at p<0.05, ** =

significant at p<0.01

management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017.

Dry weight (kg/rai)

Nutrient content in corn stalk (kg/rai)

Fertilizer (F) Nitrogen Phosphorus Potassium
(kg N-P05-K;0/rai) | com Mung Cormn  Mung Corn Mung Corn Mung
Avg Avg Avg Avg
bean - bean - bean - bean -
(R (F) (F) (F)
Corn Corn Corn Corn
Without fertilization 110 b 88 b 99 0.15 0.12 0.14b | 0.36bc  0.27c 0.32 1.66b 1.18c 1.42
15-10-10 181 a 185 a 183 | 0.17 0.23 0.20 0.37bc  0.29c 033 | 270a 255ab 263
7.5-10-10 + Chicken
115 b 145 a 130 0.16 0.19 0.17 0.42b 044b 043 1.47b 2.11b 1.79
manure
7.5-10-10+ Chicken
111 b 171 a 141 0.15 0.21 0.17 0.29c 059a 044 1.39b 2.75a 2.04
manure + PGPR
Aveg(C) 129 147 138 0.15 0.19 0.17 0.36 0.40 0.40 1.79 2.15 1.97
F-test (Cropping systems) * ns ns *
F-test (Fertilizer) ** * *x *x
F-test (Cropping systems x * ns *x xx
Fertilizer)
v (Q 18.6 26.3 16.0 10.7
CV (F) 19.1 23.5 18.9 16.1

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, *

significant at p<0.05, ** =

significant at p<0.01
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Table 15 Nutrient concentration (%) in corn leave under different cropping systems and

fertilizer management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017.

Nutrient concentration (%) in corn leave under different cropping systems
Fertilizer (F) Nitrogen Phosphorus Potassium
(kg N-P,05-K,O/rai) Corn Mung Corn Mung Corn Mung
bean - Avg(F) bean - Avg(F) bean - Avg(F)
Corn Corn Corn
Without fertilization 0.30 a 020 b 0.25 0.21 0.18 0.19 a 1.04 a 0.79 b 0.91
15-10-10 0.22b 0.22b 0.22 0.14 0.12 0.13b | 0.76 b 0.73b 0.75
7.5-10-10 + Chicken manure 022 b 0.25 a 0.23 0.17 0.17 0.17a | 0.75b 0.78 b 0.76
7.5-10-10+ Chicken manure +
023 b 0.25 a 0.25 0.16 0.20 0.17a | 0.75Db 0.82b 0.78
PGPR
Avg(Q) 0.25 0.23 0.24 0.17 0.17 0.17 0.82 0.78 0.80
F-test (Cropping systems) ns ns ns
F-test (Fertilizer) ns ** *
F-test (Cropping systems x Fertilizer) *x ns *
v (Q 8.9 54 10.6
CV (F) 11.7 16.2 8.7

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 16 Nutrient content (kg/rai) in corn leave under different cropping systems and fertilizer

management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017.

Nutrient content in corn leave (kg/rai)
Dry weight (kg/rai)

Fertilizer (F) Nitrogen Phosphorus Potassium

(kg N-P05-K;0/rai) | corn Mung Corn Mung Corn Mung Corn Mung
Avg Avg Avg Avg

bean - bean - bean - bean
(F) (F) (F) F)

Corn Corn Corn - Corn
Without fertilization 204 182 193 b 0.62a 0.36b 0.49 0.42a 032b 037 | 219 1.44 1.82
15-10-10 255 279 267 a 0.56a 0.61a 058 | 0.37ab  0.33b 045 | 198 2.03 2.01

7.5-10-10 + Chicken
209 236 222 ab | 0.48ab  0.58a 0.53 | 0.37ab  0.40ab 0.39 | 1.61 1.83 1.72
manure

7.5-10-10+ Chicken
194 252 223 ab | 0.47ab 0.63a 0.55 0.31b 0.49a 040 | 146 2.06 1.76
manure + PGPR

Ave(C) 215b 237 a 226 0.53 0.54 0.54 0.37 0.39 0.38 | 1.81 1.84 1.83
F-test (Cropping systems) * ns ns ns
F-test (Fertilizer) ** ns ns ns
F-test (Cropping systems x ns * * ns
Fertilizer)
v (Q) 39 7.0 7.0 9.2
vV (F) 18.9 239 22.6 27.2

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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(Table 18)

Table 17 Nutrient concentration (%) in corn husk under different cropping systems and fertilizer

management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017.

Nutrient concentration (%) in corn husk under different cropping systems

Fertilizer (F) Nitrogen Phosphorus Potassium
(kg N-P,05-K;0/rai) Corn Mung Corn Mung Corn Mung
bean - Avg(F) bean - Avg(F) bean - Avg(F)
Corn Corn Corn
Without fertilization 0.14 a 0.07d 0.11 021b 0.24 a 0.22 0.57 c 0.68 b 0.63
15-10-10 0.09 c 0.10 c 0.09 0.18 ¢ 0.26 a 0.22 0.76 a 0.78 a 0.77

7.5-10-10 + Chicken manure 0.12b 0.08 c 0.10 021b 0.22b 0.22 0.78 a 0.77 a 0.78

7.5-10-10+ Chicken manure +
0.12b 0.08 ¢ 0.10 021 b 0.24 a 0.23 0.76 a 0.79 a 0.77

PGPR

Avg(Q) 0.12 0.08 0.10 0.20 0.24 0.22 0.72 0.75 0.74
F-test (Cropping systems) *x ns xx

F-test (Fertilizer) ** ns **

F-test (Cropping systems x Fertilizer) *x ** *x

v (Q 1.8 3.3 1.0

CV(F) a5 3.0 1.3

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
Table 18 Nutrient content (kg/rai) in corn husk under different cropping systems and fertilizer

management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017.

Nutrient content in corn husk (kg/rai)
Dry weight (kg/rai)
Fertilizer (F) Nitrogen Phosphorus Potassium
(kg N-P05-K;0/rai) | o Mung Corn Mung Corn Mung Corn Mung
Avg Avg Avg Avg
bean - bean - bean - bean
(F (F (F) (F)
Corn Corn Corn - Comn
Without fertilization 83 52 67 0.11a 0.04b  0.08 | 0.17a 0.12b  0.15 | 0.47 0.35 0.41
15-10-10 80 79 79 0.07b  0.08ab  0.07 | 0.14ab  0.20a 0.17 | 0.61 0.61 0.61
7.5-10-10 + Chicken
67 62 65 0.08ab  0.05b 0.06 | 0.14ab  0.13ab  0.14 | 0.52 0.47 0.49
manure




7.5-10-10+ Chicken
36 70 53 0.04b  0.06b  0.05 | 0.07b 0.16ab 0.12 | 0.27  0.55 0.41

manure + PGPR

Ave(Q) 67 65 66 0.08 0.06 0.07 0.13 0.15 0.14 | 0.47 0.50 0.48
F-test (Cropping systems) ns ns ns ns
F-test (Fertilizer) ns ns ns ns
F-test (Cropping systems x ns *x * ns
Fertilizer)
v (@ 26.5 30.7 24.2 204
Cv (F) 335 38.0 338 334

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 19 Nutrient concentration (%) in corn cob under different cropping systems and fertilizer

management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017.

Nutrient concentration (%) in corn cob under different cropping systems
Fertilizer (F) Nitrogen Phosphorus Potassium
(kg N-P,05-K,O/rai) Corn Mung Corn Mung Corn Mung
bean - Avg(F) bean - Avg(F) bean - Avg(F)
Corn Corn Corn
Without fertilization 0.09 0.06 0.08b | 0.07b 0.11 a 0.09 040d 051 bc 0.45
15-10-10 0.11 0.15 0.13 a 0.06 c 0.08 b 0.07 0.51bc 0.52 bc 0.52
7.5-10-10 + Chicken manure 0.15 0.12 0.12a | 0.11a 0.08 b 0.10 054 b 053 Db 0.54
7.5-10-10+ Chicken manure + 0.14 0.16 0.15a | 0.10 a 0.09 ab 0.10 0.73 a 0.50 c 0.61




PGPR

Avg(Q) 0.12 0.12 0.12 0.08 0.09 0.09 0.54 0.51 0.53
F-test (Cropping systems) ns * ns

F-test (Fertilizer) *x ** **

F-test (Cropping systems x Fertilizer) ns o x*

v (Q) 19.0 5.2 6.3

VvV (F) 29.1 19.0 14.9

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01

Table 20 Nutrient content (kg/rai) in corn cob under different cropping systems and fertilizer

management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017.

Dry weight (kg/rai)

Nutrient content in corn cob (kg/rai)

Fertilizer (F) Nitrogen Phosphorus Potassium
(kg N-POs-K;0/rai) | corn Mung Corn Mung Corn  Mung Corn  Mung
Avg Avg Avg Avg
bean - bean - bean - bean
(F) (F)
Corn Corn Corn - Corn

Without fertilization | 91 ab 59 ¢ 75 0.07 0.03 0.05b | 0.06 0.07 0.06 | 033 030 0.32b
15-10-10 106 a 92 ab 99 0.11 0.13 0.12a 0.06 0.07 0.07 | 0.53 0.47 0.50a
7.5-10-10 + Chicken

73 b 3 b 73 0.10 0.09 0.10a | 0.07 0.06 0.07 | 038 040 0.3%
manure
7.5-10-10+ Chicken

49 ¢ 85 ab 67 0.07 0.14 0.11a | 0.05 0.08 0.07 | 036 042 0.3%
manure + PGPR

Ave(C) 80 77 79 0.89 0.10 0.09 0.06 0.07 0.07 | 040 0.0 0.40

F-test (Cropping systems) ns ns ns ns
F-test (Fertilizer) * ** ns *x
F-test (Cropping systems x * ns ns ns
Fertilizer)
v (Q 18.9 23.6 225 18.5
CV (F) 26.4 37.7 22.6 19.3

Means followed by a common letter are not significantly different at 5% level by DMRT




ns = not significant, * = significant at p<0.05, ** = significant at p<0.01

8.7.5 Usuausmansludiuvaciuin

NPT 21 NMsTansAusEUUNTURIY) wagnsdnnistassuusing 4 lifinasennandudiu
vess e mstumdndnlng Tnsdauduturedlulnsiou weaneda uarlnunadouluwdn 1de
0.43, 0.38 wag 0.41 Wasdud mudsu

dmuUinasinomsiidnlnageld wuufduiusseninansdanisiu (szuunsugnitv) uas
msdamsteszuusng 9 seuianisgealtnunadenluuda Taenssdsninsldademuaineinu
8131 15-10-10 Alansu N-P,0s-K,0 sials HUunaunisgaldlnunaideuasan winiu 1.67 Alansy K se
5 dwfuuinansgeldlulnsiou veanesa warlnunaieuiiailngiade 1.30, 0.72 uag 1.19
Alan¥u N-PK siold azifiudn dnlnadssdniiassiugiviinanisgaldlulasiaulumingsan

sosasundulninadeu wazvaavasaniudisu (Table 22)

Table 21 Nutrient concentration (%) in corn grain under different cropping systems and fertilizer

management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017.

Nutrient concentration (%) in corn grain under different cropping systems
Fertilizer (F) Nitrogen Phosphorus Potassium
(kg N-P,05-K,O/rai) Corn Mung Corn Mung Corn Mung
bean - Avg(F) bean - Avg(F) bean - Avg(F)
Corn Corn Corn
Without fertilization 0.41 0.55 0.48 0.29 0.41 0.35 0.42 0.38 0.40
15-10-10 0.40 0.46 0.43 0.38 0.39 0.39 0.41 0.42 0.42
7.5-10-10 + Chicken manure 0.45 0.40 0.42 0.40 0.38 0.39 0.41 0.36 0.39
7.5-10-10+ Chicken manure +
0.34 0.44 0.39 0.39 0.43 0.41 0.42 0.44 0.43
PGPR
Avg(Q) 0.40 0.46 0.43 0.36 0.40 0.38 0.42 0.40 0.41
F-test (Cropping systems) ns ns ns
F-test (Fertilizer) ns ns ns
F-test (Cropping systems x Fertilizer) ns ns ns




v (O 15.7 9.8 13.0
Cv (F) 20.6 14.5 10.7

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
Table 22 Nutrient content (kg/rai) in corn grain under different cropping systems and fertilizer

management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017.

Nutrient content in corn grain (kg/rai)
Dry weight (kg/rai)

Fertilizer (F) Nitrogen Phosphorus Potassium
(kg N-P.OsK0/ra) | corn Mung Corn Mung Corn Mung Corn  Mung
Avg Avg Avg Avg
bean - bean - bean - bean -
(F) (F) F )
Corn Corn Corn Corn

Without fertilization | 374dab 204 d 289 1.77 1.10 1.44 | 0.70 0.67 0.68 | 1.45ab  0.77c 1.11
15-10-10 409 a 363 b 386 1.62 1.65 163 | 1.11 0.65 0.88 1.67a 1.52a 1.59

7.5-10-10 + Chicken
236 c 280 c 258 | 1.06 1.14 1.10 | 0.42 0.93 0.68 | 0.97bc  1.02b 1.00
manure

7.5-10-10+ Chicken
159 c 339 bc 249 0.59 1.50 1.04 | 0.51 0.75 0.63 0.66¢C 1.47a 1.07
manure + PGPR

Avg(Q) 294 296 296 | 1.26 1.35 1.30 | 0.69 0.75 0.72 1.19 1.19 1.19
F-test (Cropping systems) ns ns ns ns
F-test (Fertilizer) * ns ns **
F-test (Cropping systems x * ns ns **
Fertilizer)
v (Q 214 28.3 26.9 11.7
CV (R 31.8 431 719 27.8

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 23 Nutrient uptake (kg/rai) of corn under different cropping systems and fertilizer

management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017.

Nutrient uptake (kg/rai) under different cropping systems

Fertilizer (F) Nitrogen Phosphorus Potassium

(kg N-P,O5-K,O/rai) Corn Mung Corn Mung Corn Mung
Avg Avg Avg

bean - bean - bean -
() (F) ()

Corn Corn Corn
Without fertilization 2172 1.65 2.18 1.72 1.44 1.58 6.10 4.04 5.07
15-10-10 2.54 2.70 2.62 2.06 1.54 1.80 7.49 7.19 7.34

7.5-10-10 + Chicken
manure 1.88 2.05 1.96 1.43 1.97 1.70 | 4.95 5.83 5.39
7.5-10-10+ Chicken
manure + PGPR 1.31 2.54 1.92 1.23 2.07 1.65 | 4.09 7.24 5.66

Avg(Q) 2.11 223 217 | 1.61 1.76 1.68 | 5.66 6.07 5.87
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Table 24 Nutrient concentration and uptake in different parts under different cropping systems

and fertilizer management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017.

Dry Nutrient concentration Nutrient uptake
cropping Plant parts weight (%) (kg/rai)
systems (kg/rai)

N P K N P K
stalk 129 0.12 0.30 1.40 0.2 0.4 1.8
leave 215 0.25 0.17 0.82 0.5 0.4 1.8
husk 66 0.11 0.20 0.72 0.1 0.1 0.5
Corn
grain 295 0.40 0.36 0.41 1.3 0.7 1.2
cob 80 0.12 0.08 0.54 0.1 0.1 0.4
Total 21 1.6 5.7
stalk 147 0.13 0.29 1.45 0.2 0.4 2.1
leave 237 0.23 0.17 0.78 0.5 0.4 1.8
Mung bean | husk 65 0.09 0.24 0.75 0.1 0.2 0.5
- Corn grain 296 0.46 0.40 0.40 1.3 0.7 1.2
cob 1 0.12 0.09 0.51 0.1 0.1 0.4
Total 2.2 1.8 6.1
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Figure 3 Corn grain yield at 15% moisture content (kg/rai) on corn to fertilizer management

under different cropping systems for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in

2017.
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Figure 4 Corn grain yield at 15% moisture content (kg/rai) on corn to fertilizer management

under different cropping systems for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in

2018.
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Table 25 Soil pH after planting at depth 0 — 20 cm under different cropping systems and
fertilizer management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017/2018.

Cropping systems Cropping systems
(O 2017 (O 2018 Avg. Ave.
Fertilizer (F)
Com Mung Ave.(F) Comn Mung (3] 2 yrs.
(kg N-P,05-K,O/rai)
bean - bean - (F)
Corn Corn
Without fertilization 7.6 ab 56a 6.6 7.6 6.0 6.8 6.7
15-10-10 7.8 a 6.0 a 6.9 7.5 5.6 6.5 6.7
7.5-10-10 + Chicken manure 7.4 ab 5.8a 6.6 7.3 5.8 6.5 6.6
7.5-10-10+ Chicken manure + 70Db 6.3 a 6.6 7.6 59 6.8 6.7
PGPR
Average (Q) 7.4 a 59b 6.7 75a 58b 6.7 6.7
F-test (Cropping systems) ** **
F-test (Fertilizer) ns ns
F-test (Cropping systems x Fertilizer) * ns

v (@ 3.3 % 6.7 %




Qv (D) 8.3 % 6.5 %

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 26 Soil organic matter (%) after planting at depth 0 — 20 cm under different cropping
systems and fertilizer management for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in

2017/2018.

Cropping systems Cropping systems
(Q) 2017 (O 2018 Avg. Ave.
Fertilizer (F)
Com Mung Avg.(F) Corn Mung F 2 yrs.
(kg N-P,05-K,O/rai)
bean - bean - (F)
Corn Corn
Without fertilization 1.57 1.92 1.75b 1.70 2.06 1.88 1.82
15-10-10 1.72 1.87 1.80 b 1.70 2.06 1.88 1.84

7.5-10-10 + Chicken manure 2.12 2.14 213 a 1.74 2.04 1.89 2.01



7.5-10-10+ Chicken manure + 1.92 1.95 1.93 ab 1.72 2.03 1.87 1.90
PGPR

Average (Q) 1.83 1.97 1.90 1.71b 2.05a 1.88 1.89
F-test (Cropping systems) ns *x

F-test (Fertilizer) * ns

F-test (Cropping systems x Fertilizer) ns ns

v (O 122 % 8.7 %

CV (F) 153 % 11.4 %

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 27 Soil available phosphorus (mg/ke) after planting at depth 0 — 20 cm under different
cropping systems and fertilizer management for Nakhon Sawan 3 hybrid corn in clay soil at

Phetchabun in 2017/2018.

Cropping systems Cropping systems
(C) 2017 (C) 2018 Avg. Avg.
Fertilizer (F)
Corn Mung Ave.(F) Corn Mung ) 2 yrs.
(kg N-P,O5-K,O/rai)
bean - bean - (F)
Corn Corn

Without fertilization 21 23 22 28 14 21b 22



15-10-10 22 20 21 50 26 38 a 30

7.5-10-10 + Chicken manure 22 21 21 33 35 34 ab 28
7.5-10-10+ Chicken manure + 20 27 23 51 45 48 a 36
PGPR

Average (C) 21 23 22 40 a 30b 35 29
F-test (Cropping systems) ns *

F-test (Fertilizer) ns *x

F-test (Cropping systems x Fertilizer) ns ns

v (Q 11.8 % 36.8 %

Qv (D) 21.4 % 457 %

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 28 Soil exchangeable potassium (mg/kg) after planting at depth 0 — 20 cm under
different cropping systems and fertilizer management for Nakhon Sawan 3 hybrid cormn in clay soil at

Phetchabun in 2017.

Cropping systems Cropping systems
(C) 2017 (C) 2018 Avg. Avg.
Fertilizer (F)
Corn Mung Avg.(F) Corn Mung (F) 2 yrs.
(kg N-P,05-K,O/rai)
bean - bean - F
Corn Corn

Without fertilization 137 185 161 b 283 282 283 b 222



15-10-10 166 170 168 b 254 367 310 ab 239

7.5-10-10 + Chicken manure 174 268 221 a 305 359 332 ab 277
7.5-10-10+ Chicken manure + 207 238 222 a 368 367 367 a 295
PGPR

Average (Q) 171 215 193 303 a 344 b 323 258
F-test (Cropping systems) ns *

F-test (Fertilizer) ** **

F-test (Cropping systems x Fertilizer) ns ns

v (Q 40.6 % 36.8 %

Qv (D) 273 % 45.7 %

Means followed by a common letter are not significantly different at 5% level by DMRT

ns = not significant, * = significant at p<0.05, ** = significant at p<0.01
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Table 29 Benefit cost ration (BCR) under different cropping systems and fertilizer management

for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2017.

Cropping Fertilizer (F) Grain yield Income Cost Benefit BCR
systems (kg N-P,05-K,O/rai) (kg/rai) (baht/rai) (baht/rai) (Baht/rai)

(@] Corn Mung = Corn Mung
bean bean

Corn Without fertilization 23 ) 159 ) 2,600 2441 0.06

15-10-10 100 690 - 3,907 -3,217 0.18

7.5-10-10 + Chicken manure 106 731 - 4,593 -3,861 0.16

7.5-10-10+ Chicken manure + 74 511 - 4,809 -4,298 0.11




PGPR

Mung Without fertilization 84 580 5,234 4661 1.89

405 9,315

bean -

Comn 15-10-10 264 405 1,822 9,315 6,540 4,596 1.70
7.5-10-10 + Chicken manure 125 405 863 9,315 7,227 2,951 1.41
7.5-10-10+ Chicken manure +

149 405 1,028 9,315 7,247 3,097 1.43
PGPR
Note:  Price of corn grain: 6.9 Baht/kg, Mung Bean : 23 Baht/kg

Price of fertilizer:

Potassium chloride (0-0-60) 21 Baht/kg, Rhizobium Bio fertilizer 25 Baht/pack,

PGPR-1 20 Baht/pack, chicken manure 1 baht/kg

HanauLNUNITasu dmiugguani 2 U 2561 wuid yanssuisndnisladesuuuusng o Ty

urea (46-0-0) 12 Baht/kg, triple superphosphate (0-46-0) 26 Baht/kg,

szuumsUaniiyniy wagszuunisugninilnaiesdndegraiedlinansuwnusienisamu de1 BCR ag

581319 0.70 - 1.19 fedmnnssuislilinanauwnuruesionIsamu (Table 30)

Table 30 Benefit cost ration (BCR) under different cropping systems and fertilizer management

for Nakhon Sawan 3 hybrid corn in clay soil at Phetchabun in 2018.

Cropping Fertilizer (F) Grain yield Income Cost Benefit BCR
systems (kg N-P,05-K,0O/rai) (kg/rai) (baht/rai) (baht/rai) (Baht/rai)
© Corn @ Mung i Corn | Mung
bean bean
Corn Without fertilization 291 ) 1823 ) 2,600 777 0.70




15-10-10 415 3,424 - 3,907 -483 0.88

7.5-10-10 + Chicken manure 441 3,638 - 4,552 914 0.80

7.5-10-10+ Chicken manure +

460 3,795 - 4,768 -973 0.80
PGPR -
M Without fertilizati 278 2,294 5,234 30 1.01
ung ithout fertilization 135 2970
bean -
Corn 15-10-10 581 135 4,793 2970 6,540 1,223 1.19
7.5-10-10 + Chicken manure 451 135 3,721 2970 7,186 -495 0.93
7.5-10-10+ Chicken manure +
563 135 4,645 2970 7,206 409 1.06

PGPR

Note:  Price of corn grain:  8.25 Baht/kg, Mung Bean : 22 Baht/kg
Price of fertilizer:  urea (46-0-0) 12 Baht/kg, triple superphosphate (0-46-0) 26 Baht/kg,
Potassium chloride (0-0-60) 21 Baht/kg, Rhizobium Bio fertilizer 25 Baht/pack,
PGPR-1 20 Baht/pack, chicken manure 1 baht/kg
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Figure 5 Farmer’s field at Phetchabun province on Clay soil.

Figure 6 Mung Bean at harvested day.



Figure 7 Fruit corn of Nakhon Sawan 3 hybrid at harvested day
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Figure 8 Fruit corn without fertilization



Figure 9 Fruit corn with fertilization at rate 15-10-10 kg N-P,O5-K,O/rai



