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Effect of N|trogen on Growth, Yield and Crude Palm Oil Indices of Oil
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ABSTRACT: The response of oil palms to nitrogen rates provides a guideline for effective
nitrogen fertilizer recommendations for oil palms grown in acid sulfate soils. The objective of
this study aimed to study the effect of nitrogen fertilizer rates on the growth and yield of oil
palm grown in the acid sulfate soils of Tung Rangsit. The randomized complete block design
was conducted with 6 treatments of N fertilizer rate with 2 replications (df = 11) including 0,
150, 300, 600, 750, and 900 g N plant™ year™. The field trials were carried out in 3 acid sulfate
soil series i.e., Rangsit soil series 2 areas and Ongkharak soil series 1 area in Nakhon Nayok and
Saraburi province. The responses on growth, yield, and oil quality of oil palm were investigated.
The results showed that oil palm significantly differently responded to N fertilizer rate on dry
bunch yield (P = 0.031), fresh fruit bunch yield per rai per year (P = 0.031), and bunch index (P
= 0.026) where applying N fertilizer at a high rate of 600-900 ¢ N plant™ year™ increased bunch
yields higher than the rate under 600 g N plant™ year" and raised N concentration in the 17"
frond leaf to sufficient level. Additionally, the increase in N fertilizer rates did not significantly
differentiate the quality of crude palm oil. Growth and yield of oil palm responses to N fertilizer
rates significantly differed between studied sites, indicating that the site-specific environment
and management of oil palm and soil N levels affected the response to nitrogen fertilizers. The
results imply that applying N fertilizer at the rate of 600 ¢ N plant™ year' can preserve a high
bunch yield of oil palm. However, the rates of N:K O:P O, should be balanced and kept at
1:3:0.77.
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Table 1 General properties of oil palm growing acid sulfate soils in Tung Rangsit

Studied Soil pH Sand Silt Clay ECe Total N Avail. P Exch. K
site series  (1:1) ( % ) @Sm") (gkg’)  (———mg kg'-—)
C-1 Rs 4.2 9.1 24.6 66.2 0.1 2.1 52.0 151
C-2 Ok 33 2.6 29.5 67.9 0.3 2.1 5.7 169
C-3 Rs 4.5 2.7 41.2 56.1 0.3 2.8 91.0 198

Rs = Rangsit soil series, Ok = Ongkharak soil series, pH = soil pH ‘measured in a 1:1 soil:water

suspension, ECe = electrical conductivity measured by conductivity meter, Total N

= total

nitrogen, Avail. P = available phosphorus, Exch. K = exchangeable potassium. All parameters
were measured by methods described in Estefan et al. (2013)
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Table 2 Nitrogen rate treatments and rates of chemical fertilizer applied in the experiment

Treatment N Urea TSP MOP Kieserite Borax
rates (46-0-0) (0-46-0) (0-0-60) MgSO, 48%
( g palm™ year
T1 (Control) 0 0 1,000 3,000 1,000 167
T2(0.25) 150 326 1,000 3,000 1,000 167
T3(0.5) 300 652 1,000 3,000 1,000 167
T4 (1) 600 1,304 1,000 3,000 1,000 167
T5(1.25) 750 1,630 1,000 3,000 1,000 167
T6 (1.50) 900 1,957 1,000 3,000 1,000 167

TSP = triple superphosphate, MOP = muriate of potash (KCl)
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Table 3 Initial growth parameters of oil palm grown on acid sulfate soils (n = 12)
Studied sites Height FFB MI Fl 17" LA 17" FDm
(Soil series) (cm) (SSS— count palm - ) (m?) (kg)
C-1 (Rs) 233 + 61 3.20 + 2.14 1.20 + 1.17 1.80 + 1.29 598 £098 1.68+0.23
C-2 (OKk) 106 + 21 3.60 + 2.80 1.20 £ 0.82 1.30 + 0.88 570 £ 1.16 1.05+0.06
C-3 (Rs) 247 +31  12.80 + 1.86 0.60 + 0.80 1.40 + 0.49 6.85+0.77 1.69 +0.19
Minimum 106 3.20 0.60 1.30 5.70 1.05
Maximum 247 12.80 1.20 1.80 6.85 1.69
Mean 195 6.53 1.00 1.50 6.18 1.47

Rs = Rangsit soil series, Ok = Ongkharak soil series, FFB = fresh fruit bunch per palm, Ml =

male

inflorescence, Fl = female inflorescence, 17" LA = 17" frond leaf area, 17" FDm = 17" frond

dry matter
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Figure 1 Change of 17" frond leaf area (17" LA) of oil palm after N application in (A) Rangsit soil
series (C-1), (B) Ongkharak series (C-2), and (C) Rangsit soil series (C-3)
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Figure 2 Change of 17" frond dry matter (17" FDm) of oil palm after N application in (A) Rangsit
soil series (C-1), (B) Ongkharak series (C-2), and (C) Rangsit soil series (C-3)
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iluinasevun asrUszneu waznthiddgues  veslulasaulasanizueuludeuluaaslsnanas
maalananad (Lawlor and Cornic, 2002) el geasiibiluiivselassaiauasannisduasizi
NARBNSHIATICILAIVBINY LavyNAIAUUNTY  waswasiiy (Puritch and Barker, 1967)

Table 4 Comparison on growth increments between initial time and at the end of the experiment

Factor n AH AT LA A17" FDm
(cm) (m? (kg)
Treatment
T1 3 20.83 + 34.47 297 +2.01 0.48 + 0.02
T2 3 0.83 + 25.04 213 +2.25 0.31 +£0.26
T3 3 11.83 + 5.08 211 +1.94 0.33 £ 0.30
T4 3 7.33 +24.18 2.15 + 1.05 0.22 £ 0.31
T5 3 28.17 + 29.78 2.67 +1.97 0.46 + 0.14
T6 3 13.33 + 18.79 277 + 1.55 0.49 + 0.16
F-test ns ns ns
P-value 0.820 0.886 0.515
CV (%) 8.41 3.71 5.39
Studied site
C-1(Rs) 6 20.17 + 19.62 338 +1.07° 0.46 + 0.12
C-2 (0K 6 5.00 + 15.08 0.77 + 0.54° 0.44 + 0.15
C-3 (Rs) 6 16.00 + 31.41 354 +1.11° 0.24 +0.29
F-test ns ** ns
P-value 0.589 0.002 0.166
CV (%) 8.41 3.71 5.39

T1 = no applying N (Control), T2, T3, T4, T5, and T6 = applying N at the rate of 150, 300, 600,
750, and 900 g N plant™ year”, respectively. Rs = Rangsit soil series, Ok = Ongkharak soil series,
CV = coefficient of variation, AH = incremental change of trunk height, A17" LA = incremental
change of 17" frond leaf area, A17" FDm = incremental change of 17" frond dry matter.
** significant at P < 0.01, ns = not significant. Different letters in the same column indicate a
statistically significant difference at P < 0.05.

navasdnelulasiaudesziuaanduduvas  (Before N added) uagvidsldde (After N added)
s1avnsnelumisludl 17 ST 9 asiiuiAny T 3 U3 (Figure 3)
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Figure 3 Change of N content in the 17" leaf of oil palm before and after N application in
studied acid sulfate soils collected from (A) Rangsit soil series (C-1), (B) Ongkharak
series (C-2), and (C) Rangsit soil series (C-3)
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Na%mé'mﬁﬂaluimmwiaﬂmmwﬁﬂﬁumﬁuau

mams‘vmaa‘uamﬁwasumamwﬂaluimwu
seUsnaniluieundy (Oil content) Adwil
Userdnmniswend Usunaualsiiuesn Usune
nsmlatiudass (%FFA; n3alowadn) uavanauly
watrdaniuiu (Table 6) wuh Sastdelulasiau

1/1LLmﬂsmﬂulmaqmamaﬂimmumuua LAUNIN
DEURTac T,ﬂEJwamawﬂmswmamummmumu
waglutsioras 72.17-79.01 fimduiiszavsnm
mavlendegluiidy 1.95-2.40 Usuauualsitueyd
agluitde 193.86-229.44 Tadnsusienlansu uazdl
Ysinaunsaluiudassegludiiosay 3.78-4.51

Table 6 Comparison of N rates on crude palm oil content and oil quality

Factors N Qil DOBI Carotenoid Free fatty Moisture
content content acid content
(%) (mg kg™ (%FFA) (% w/w)
Treatment
T1 3 7538 +4.71 2.30 £ 0.21 193.86 + 14.51 4.11 +0.19 28.47 + 17.21
T2 3 71697 + 7.36 1.95+0.12 198.28 + 17.28 3.78 £ 0.64 32.56 + 25.79
T3 3 72.17 +1.81 2.20 £ 0.38 208.57 + 19.98 4.17 £ 0.93 3392 + 1.82
T4 3 73.95 +0.88 2.18 £0.12 210.59 + 5.17 451 + 1.35 32.93 + 7.31
T5 3 7723 +3.21 219 +£0.13 220.40 + 20.51 4.43 + 1.75 36.81 +21.71
T6 3 79.01 + 3.29 2.40 = 0.20 229.44 + 16.72 4.14 + 0.92 40.24 + 3.68
F-test ns ns ns ns ns
P-value 0.211 0.107 0.053 0.889 0.920
CV (%) 42.98 251.92 25.81 182.81 64.03
Studied site
C-1 (Rs) 6  7272+271° 211+0.11° 22335+ 14.91° 431 +0.44® 3558 + 8.41
C-2 (Ok) 6 76.38 + 2.68" 2.43 +0.19° 201.12 + 21.29° 328 +0.41° 4338 +7.22
C-3 (Rs) 6 78.31 + 2.51° 221 +021%*  206.08 + 26.61°  4.87 + 0.68° 23.44 + 13.34
F-test * * * * ns
P-value 0.036 0.032 0.031 0.018 0.075
CV (%) 42.98 251.92 25.81 182.81 64.03

T1 = no applying N (Control), T2, T3, T4, T5, and T6 = applying N at the rate of 150, 300, 600,

750, and 900 ¢ N plant™ year™,
CV = coefficient of variation, DOBI =

respectively. Rs = Rangsit soil series, Ok = Ongkharak soil series,
deterioration of bleachability index, %FFA = free fatty acid

percentage. ns = not significant, * significant at P < 0.05. Different letters indicate statistically

significant difference at P < 0.05.

JsansInenmansinuas UA 52 aUuf 3 Auenau - SuNAY 2564 301



@ TulnspuAUAstwauanUaudIuluauIuSaId0

dlefinsunavestelulnsiauszning
fuidne wuin nanhiuludeundy A
Usgdnsnmniswendusunaualsiiuesn Lag
Usununsalududasednnuiananei unIeais
(P <0.05) Imaﬁyuﬁ C-3 ﬁﬂ%mmﬁﬂﬁﬂuﬁaméu
LQaEJEN‘Vlﬂﬂ Wil orafunaiiosanniiudl -3
fuflauduiioane wﬂmmamumumi%m
mmﬂmmwwwau wﬂmamammmawim
LLayuUimmumumaqmmwwau 5 (Sowag 78.31)
dlofinrsansuiussansamnmswend wui Urdu
ﬁﬂﬁuﬁﬂaﬂiuﬁuﬁ C-2 ﬁmﬁmﬁﬂsu?{w%mwms
Waaamaaawam Windu 2.43 amsdt Ui
Lmiwuaamﬂimmawamiuﬂwaumuumﬂaaiu
Nl -1 winiu 223 uaamuman‘lamu du
Uimmﬂimlmmuaasuumawamiumaummw
Uaﬂiuiuwuw C- 3Im8mmmmmasau 4.87 GNEJEJ
’LummmmmmuﬂmmwmamumumLLamlu
Table 7 LLami‘wmu’m awﬁwamaaamwa
luimmulmamamaﬂmmwmaqumumam Uz
318914V99 Donough et al. (2016) WU sty
Urduduiisiglulasinuluesdvsenaveyly
dndruditos Uszuna 93 ndululnsiaudedy
dwuitunduiuiiatnanynzaneunduiiu uas

a4 n3ululpsiausesu dvduihiuldunuitade
ALT99Y

nnsAnwdanuan lulesiaudiulng)
agludiuvamzangunay Uszana 3.07 Alansuy
Iuimmumaumuﬂma'm 1 fu dlawSeuiieu
FndnuvadulasauluisiuduRuvinfutesay
0.8 vadlulasiaulunzateurduan warnuinnig
SanstglulanaulidmaroUsinaniiuduiy
LLaviJ‘%mmluimmuiuﬁwﬁuméua@mLﬁ@i%ﬂaiu
aﬁmm UaNANY Donough et al. (2016) WU
ﬁﬂmawn'ﬁmmﬂimmaﬂuumumamuu,aulmu
amwamﬂmiﬁmmiﬂa Ao Weaneosa Inunaige
wazun e s miammimmmmﬂmmmv
avvztinUsauluny m‘amazﬂ,m gauAn
Fuliusavsnmnnswend dudurusdsnsinis
sendnduvannsutdu TneAduiiszansam
nsWendgausdianuuiavdvesintuldugs
FearnwanisAnwImudn mdsiuszansainnig
waﬂﬁsumﬁf']ﬁuméuﬁuﬁlﬁ%’uﬂaluimLﬁ]uLLmﬂam
ﬂummasﬂummsmmmmumamﬂmLmﬂu 2.30
(Table 7) Wil ﬂ’l@]‘ljuﬂiuﬁ%ﬁﬂ’lwﬂ’liﬁ/\l@ﬂﬁlmmﬂ
AefusenIegnsdelulasiau wiuanedieiu
sywiaitudidnm

Table 7 Standard quality values of crude palm oil

Grade of crude palm oil’

Characteristics

Special quality (SQ) grade

Standard quality (STD) grade

Free fatty acid (%FFA) (as palmitic) (%max)
Moisture/impurity (%omax)

Peroxide value (meq kg ") (max)

Anisidine value (max)

Deterioration of bleachability index (DOBI) (min)
Total carotenoids (mg kg™)

2.50 5.00
0.25 0.25
1.00 2.00
4.00 5.00
2.80 2.30

- 581

(Range from 474-689)

" Modified from MS-814:2007, 2™ revision (Bustamam et al., 2019)

%max = maximum acceptable value
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