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Nutrient management in growing media on growth and yield of red oak
lettuce under smart greenhouse system
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ABSTRACT: This study was to investigate the utilization of organic fertilizer in soilless media (rice husk: rice husk
charcoal: coconut dust: cow manure: soil = 1:1:1:1:0.25 by volume) for red oak lettuce production under a smart
greenhouse system (controlling the average temperature at 30+3 °C). The experimental design was a complete
randomized design (CRD) with 11 treatments. Treatments were consisting of control (no fertilizer), 20.90 kg N/rai of
chemical fertilizer, powder organic fertilizer, granular organic fertilizer, and cow manure at the rate of 10.90, 20.90,
and 30.90 kg N/rai). All fertilizers have been applied once before planting and the harvest was done three times.
The results in the first harvest revealed that the chemical fertilizer applied at 20.90 kg N/rai gave a significantly
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higher yield of red oak lettuce, which was 61.48 g/plant. However, the second and third harvesting yields of red
oak lettuce under the chemical fertilizer treatment were lower, which was not significantly different from the
control treatment. Although the application of granular organic fertilizer at 30.90 ke N/rai gave a lower yield fresh
weight of red oak lettuce (36.95 g¢/plant) than that under the 20.90 kg N/rai of chemical fertilizer treatments, the
result in the second and third harvests showed that the application of granular organic fertilizer at 30.90 ke N/rai
gave consistent productivity and showed the highest yields, which were 35.35 and 35.76 g¢/plant, respectively. It
could be concluded that the application of granular organic fertilizer at 30.90 kg N/rai was considered as the
appropriate rate for red oak production under the smart greenhouse system, which gave the highest average yield
from 3 harvest cycles.

Keywords: plant nutrition; organic fertilizer; yield, lettuce; smart greenhouse
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Table 1 Selected chemical properties of organic fertilizer used in the experiment

granular powdered Standard for organic fertilizer

Cow
Properties organic organic (2014) by the Department of
manure
fertilizer fertilizer Agriculture
pH (1:10 H,0) 7.17 6.96 6.87 5.5-8.5
EC (1:10 H,O, dS/m))¥ 2.60 5.21 5.77 < 6.0
Organic matter (%) ¥ 44.9 50.8 52.1 > 30.0
Total N (%) ¥ 1.60 3.77 3.95 > 1.0
Total P,Os (%) ¥ 0.85 7.23 1.12 > 0.5
Total K,0 (%) >/ 4.06 5.79 2.26 >05
C/N ratio™? 23.88 18.96 15.74 < 20:1

Y pH (1:10 H,0); % EC (1:10 H,0); ¥ OM (Walkley and Black method); ¥ N (Kjeldahl method); ¥ P, K (Wet digestion method)
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smhedlslasnsusonsinwiinas) fsauns

Total chlorophyll (a+b) = [(20.20445 + 8.02A443) x V1 / (1,000 x W)
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Inductively coupled plasma optical emission spectroscopy (ICP-OES, Thermo Fisher SCIENTIFIC, China) (N33 ®Iu1
i, 2553)
NMSAATIZANANIIEDR

WATIEHANLUTUTIUNNSEDRA (analysis of variance; ANOVA) AMULNUAISIAaBILUU CRD waziUSouitouaiade

TP YINLUUAAIETS Duncan’s multiple rage test (DMRT) aagluswngy SPSS
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adaLsaldaiinnugadiuniniign fe 13.83 lwufwns deldliunndnaiunisldtedunidsasingnsn 20.90 uay 30.90
Alan3u N sels Minlvinadasnldadanugesuindu 13,50 uay 13.50 wufns auadu uazlunsiiuiieaseud 3
wu1 mslaedunigdniingng 30.90 Alansu N dels villiinadaisaldadanuguniigaessiifudfy Ao 14.00
wuRng sesasnlaun nsladeyaladns 30.90 Alandu N dels (1233 wudwng) Feldliwnnsnaiunislddedunse
Sauindna 20.90 Alandu N dels fvhlsinadasalsadirnugaviiiu 12,00 wufwes Kedasduldnisldedunds

daudindmsn 30.90 Alanu N sials viliidnadnisaldadinnugeiuunniigaria 3 seunsiiuiien (Table 2)

Table 2 Growth of red oak lettuce at 30 days after transplanting grown under different fertilizer treatments for 3

harvesting times

Height (cm) Leaf Number

Treatment First Second Third First Second Third

harvesting  harvesting  harvesting  harvesting  harvesting  harvesting

T1: Control 6.835" 6.00° 4.00" 7.76° 8.008 5.00'
T2: chemical 20.90 N 10.83° 7.00° 4.33' 17.00° 10.00" 5.00"
T3: granular organic fertilizer 10.90 N 13.00° 11.67° 9.67° 11.33° 12.00° 10.00
Td: granular organic fertilizer 20.90 N 13.33> 13.50° 12.00° 14.67° 14.33%® 15.00°
T5: granular organic fertilizer 30.90 N 14.67° 13.50° 14.00° 16.00%° 15.33° 15.33°
T6: powdered organic fertilizer 10.90 N 9.00" 8.17° 7.17° 10.67° 10.00" 8.67%
T7: powdered organic fertilizer 2090 N 12.17< 8.67° 10.00° 14.33 10.67¢ 10.67°
T8: powdered organic fertilizer 30.90 N 14.33%° 11.33° 8.33¢ 15.00™ 11.33% 8.00°
T9: Cow manure 10.90 N 10.67¢ 13.83° 9.67° 11.00° 14.00° 8.67%
T10: Cow manure 20.90 N 10.00*" 12.00° 10.67° 11.00° 14.67% 12.67°
T11: Cow manure 30.90 N 11.00% 11.67° 12.33 11.33° 13.00° 15.33°
Etast . . . . . .
C.V. (%) 6.23 6.16 6.56 5.30 4.76 7.67

** Significance at the 99% confidence level

Y Mean followed by the same letters are not significantly different at p<0.05 by Duncan’s multiple range test
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Table 3 Fresh and dry weight of red oak lettuce at 30 days after transplanting erown under different fertilizer treatments for 3 harvesting times

913

Fresh weight (g/plant)

Dry weight (g/plant)

First Second Third First Second Third
Treatment harvesting harvesting harvesting harvesting harvesting harvesting

Above Above Above Above Above Above
Root Root Root Root Root Root

ground ground ground ground ground ground
T1: Control 1.55% 0.37¢ 254 0.84¢ 0.23 0.09¢ 0.15° 0.06" 0.26" 0.07™ 0.04" 0.02¢
T2: CF 20.90 N 61.48° 2.70° 3.92¢ 0.68° 0.24 0.08° 2.51° 0.12% 0.34° 0.07° 0.04 0.02¢
T3: NO 10.90 N 13.95° 2.08° 19.09° 1.96% 11.55¢ 0.98° 0.78% 0.15°¢ 0.85° 0.08° 0.73° 0.06°
Td: NO 20.90 N 29.13° 2.20%¢ 27.47° 1.64% 13.25% 1.23° 0.93¢ 0.10° 1.12° 0.07° 0.87°¢ 0.08°
T5: NO 30.90 N 36.95° 1.76¢ 35.35° 2.2%° 35.76° 1.43° 1.43% 0.13% 1.45° 0.07° 1.98° 0.09°
T6: OF 10.90 N 8.53 1.59¢ 4.97¢ 1.36° 2.56° 0.51¢ 0.60° 0.17° 0.39% 0.12° 0.18% 0.03
T7: OF20.90 N 24.50° 2.45% 6.70% 1.54° 7.08¢ 0.48° 1.52° 0.23° 0.43% 0.15° 0.48¢ 0.05°
T8: OF 30.90 N 21.329 2.14° 8.98¢ 1.39° 3.93° 0.47¢ 1.24¢ 0.14° 0.47¢ 0.08° 0.25¢ 0.03¢
T9: CM 10.90 N 8.47" 1.17° 18.01° 1.58 3.76° 0.52¢ 0.44 0.07 0.84¢ 0.09° 0.25¢ 0.03¢
T10: CM 20.90 N 8.18" 0.93¢ 17.61° 1.53% 7.97¢ 0.49¢ 0.47 0.06" 0.77° 0.08° 0.48¢ 0.04<
T11: CM 30.90 N 8.20" 0.78 8.40¢ 0.86° 15.24° 0.60° 0.50" 0.05" 0.39% 0.04¢ 1.03° 0.07°
C.V. (%) 12.79 11.28 12.84 18.71 13.23 11.30 13.61 13.08 8.20 16.52 16.46 19.58

** Significance at the 99% confidence level

¥ Mean followed by the same letters are not significantly different at p<0.05 by Duncan’s multiple range test

(T1: Control: T2: chemical 20.90 N; T3: granular organic fertilizer 10.90 N; T4: granular organic fertilizer 20.90 N; T5: granular organic fertilizer 30.90 N; T6: powdered organic fertilizer 10.90 N; T7:

powdered organic fertilizer 20.90 N; T8: powdered organic fertilizer 30.90 N; T9: Cow manure 10.90 N; T10: Cow manure 20.90 N; T11: Cow manure 30.90 N)
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Table 4 Total chlorophyll content in leaves of red oak lettuce at 30 days after transplanting erown under

different fertilizer treatments

Total chlorophyll (ug/ 100 g Fresh weight)

Treatment
First harvesting Second harvesting Third harvesting

T1: Control 37.85 17.42°7 39.94°
T2: chemical 20.90 N 52.67 29.29" 42.76¢
T3: granular organic fertilizer 10.90 N 44.52 45.90°° 54.26°
Ta: granular organic fertilizer 20.90 N 4a4.74 66.19° 77.52°
T5: granular organic fertilizer 30.90 N 45.74 51.42° 79.59°
T6: powdered organic fertilizer 10.90 N 39.76 22.98° 38.54°
T7: powdered organic fertilizer 20.90 N 38.17 53.71° 62.78°
T8: powdered organic fertilizer 30.90 N 38.42 58.28° 60.77°
T9: Cow manure 10.90 N 42.17 56.57° 54.22°
T10: Cow manure 20.90 N 37.30 62.84° 60.16"
T11: Cow manure 30.90 N 45.96 63.18° 75.77°
F-test ns x> x*
C.V. (%) 11.5 18.31 4.64

** Significance at the 99% confidence level

¥ Mean followed by the same letters are not significantly different at p<0.05 by Duncan’s multiple range test
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Table 5 Total macronutrients in plant tissues of red oak lettuce at 30 days after transplanting grown under different fertilizer treatments

Total N (%)

Total P (%)

Total K (%)

Treatment First Second Third First Second Third First Second Third
harvesting harvesting harvesting harvesting harvesting harvesting harvesting harvesting harvesting

T1: Control 1.13Y 1.08° 0.96" 0.31° 0.26" 0.19" 4.52° 317" 2.89"
T2: chemical 20.90 N 1.76° 1.53° 1.39° 0.21° 0.26" 0.24¢ 6.71° 3.24" 2.96
T3: granular organic fertilizer 10.90 N 1.21¢ 1.33% 1.36™ 0.39° 0.39° 0.19" 6.78° 3.32° 2.89"
Td: granular organic fertilizer 20.90 N 1.37¢ 1.39 1.36™¢ 0.55% 0.42° 0.25¢ 6.22° 3.60° 4.31°
T5: granular organic fertilizer 30.90 N 1.67° 1.69° 1.67° 0.58° 0.51¢ 0.39° 7.00° 4.94° 4.59°
T6: powdered organic fertilizer 10.90 N 1.18% 1.13° 0.99" 0.38 0.21° 0.34 6.00° 4.94¢ 6.22°
T7: powdered organic fertilizer 20.90 N 1.37° 1.29< 1.14° 0.37 0.27" 0.45° 6.85° 5.58° 6.29°
T8: powdered organic fertilizer 30.90 N 1.43 1.35 1.28° 0.48° 0.49¢ 0.51° 8.98° 5.30° 6.64°
T9: Cow manure 10.90 N 1.08° 1.14° 1.16° 0.55% 0.56> 0.51° 6.71° 6.43° 5.51°
T10: Cow manure 20.90 N 1.24° 1.14° 1.29< 0.54% 0.59" 0.57° 6.85° 7.70° 6.22°
T11: Cow manure 30.90 N 1.49° 1.26° 1.41° 0.56° 1.10° 0.69° 7.21° 7.75° 6.71°
Ftest . o o o x x . o x
CV. (%) 3.36 3.87 7.48 7.13 5.81 3.61 3.20 2.84 2.20

** Significance at the 99% confidence level

¥ Mean followed by the same letters are not significantly different at p<0.05 by Duncan’s multiple range test
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