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ABSTRACT

Cassava (Manihot esculenta Crantz) is an important food crop in the world, so nutrient
management is necessary to increase the product of cassava to meet the consumption. Nitrogen
(N) potassium (K) and sulfur(S) are required nutrients and promote productivity for cassava
especially nitrogen. However, the application of nitrogen fertilizer may result in the change of
potassium and sulfur form in the soil and those nutrient uptakes. The objective of this study was
therefore to study the effect of nitrogen fertilizer rates on the transformation of nitrogen,
potassium, and sulfur in soil and the interaction effects of nitrogen-potassium and nitrogen-sulfur
on the growth and nutrients uptake of cassava. The study was divided into three experiments.
Experiment 1: the study of the influence of nitrogen fertilizer rates on the transformation of
nitrogen, potassium, and sulfur in sandy soil. Soil samples after harvesting from the experiment
on the title the response of cassava to nitrogen fertilizer rates experiment in the research project
title of development of nitrogen, phosphorus and potassium fertilizer rates. The experimental
design was split plot with 3 replications. The soil after planting for cassava of 0-30 and 30-60 cm
depth was analyzed nitrogen, potassium and sulfur form. Experiment 2 and 3 were conducted in a
greenhouse at the Faculty of Agricultural Technology, King Mongkut’s Institute of Technology
Ladkrabang. The experimental design was a 3x3 factorial arrangements in a randomized complete
block design (RCBD) with 4 replications. Experiment 2; effects of interaction between nitrogen
and potassium on the growth and nutrients uptake of cassava. Three different nitrogen rates (500
(N1), 1000 (N2) and 1500 (N3) umol/L) were combined with three different potassium rates (500

(K1), 1000 (K2) and 1500 (K3) umol/L). Experiment 3; effects of interaction between nitrogen



and sulfur on the growth and nutrients uptake of cassava. Three different nitrogen rates same as
experimental 2 were combined with three different sulfur rates (500 (S1), 1000 (S2) and 1500
(S3) umol/L).

The results from experiments 1 show that different rates of nitrogen fertilizers affect organic-N at
0-30 cm depth. Organic-N at the nitrogen fertilizer rate of 24 kg/rai was 624.77 mg/kg which
significantly higher than the without nitrogen fertilizer treatment as 389.56 mg/kg. Moreover, the
nitrogen fertilizer application rate affected potassium content in the exchangeable-K form at 0-30
cm. Exchangeable-K in nitrogen fertilizer at the rates of 8 and 24 kg/rai were 32.23 and 30.90
mg/kg, respectively which significantly difference with a nitrogen fertilizer at the rate of 16 kg/rai
(22.86 mg/kg). Total-K in without nitrogen fertilizer treatment was 1,737.1 mg/kg which highly
significant with total-K in nitrogen fertilizer treatment at the rate of 16, 24, and 32 kg/rai as the
values 1,328.8, 1326.4 and 1,206.4 mg/kg, respectively. While different rates of nitrogen
fertilizers affected organic-S and total-S sulfur at 30-60 cm depth. Organic-S and total-S were
highly significant with and without nitrogen fertilizer were 164.64 and 167.63 mg/kg,
respectively and lowest at nitrogen fertilizer at the rate of 24 kg/rai were 69.01 and 71.20 mg/kg,
respectively.

The experiments 2 show that increasing nitrogen rates (Treatment N3) significantly increased
plant height (206.92 ¢cm), SPAD value of the upper and lower leaf (42.34 and 34.64), the total
fresh and dry weight (1,101.62 and 339.48 g/plant). In addition, increasing nitrogen rates affected
the concentration of nitrogen concentration in the youngest fully-expanded leaves, nitrogen
uptake in all plant organs, potassium uptake in leaf blade, tuber and total uptake. While the
concentration of total calcium, total magnesium, total manganese, total copper, and total
molybdenum decreased significantly with increasing nitrogen fertilizer rates. Different potassium
fertilizer rates affected the SPAD values in the lower leaves of cassava. SPAD values in the lower
leaves highest in K2 were 33.75. In addition, increasing potassium rates affected nitrogen uptake
in OSC, tuber and potassium uptake in all plant organs except leaf. Nitrogen and potassium
uptake in leaf blade, stem+petio and tuber had a high positive correlation significantly with the
correlation coefficient () was 0.86**, 0.84** and 0.87**, respectively. The positive correlation
significantly between nitrogen uptake with a fresh and dry weight of all plant organs except old
stem cutting (OSC). The correlation coefficient () for fresh weight in the range of 0.40%*- 0.82**

and 0.35%-0.85** in dry weight. In addition, the results found that nitrogen uptake was positively
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correlated with potassium uptake in leaf, stem+petio, and tuber with a correlation coefficient in
the range of 0.84 ** - (.87 **,

The experiments 3 show that increasing nitrogen rates (Treatment N3) significantly increased
plant height (266.33 ¢cm), SPAD value of the lower leaf (34.90), the total fresh and dry weight,
(1,274.03 378.64 g/plant). In addition, increasing nitrogen rates affected the concentration of
nitrogen and sulfur in youngest fully-expanded leaves, nitrogen uptake in leaf blade, tuber, root
and total nitrogen uptake, sulfur uptake in leaf, tuber, root and total sulfur uptake. While the
concentration of calcium, magnesium, manganese, copper, and molybdenum in the youngest
fully-expanded leaves decreased significantly with increasing nitrogen fertilizer rates. Increasing
sulfur rates (Treatment S3) affected the fresh and dry weight of tuber were 281.06 and 114.28
g/plant. In addition, increasing sulfur rates significantly increased the concentration of sulfur in
the youngest fully-expanded leaves, total nitrogen uptake sulfur in root and total sulfur uptake.
While the concentration of molybdenum decreased with increasing sulfur fertilizer rates. Nitrogen
and sulfur uptake in leaf blade, stem+petio and tuber had a high positive correlation significantly
with the correlation coefficient were 0.97**, 0.68** and 0.96**, respectively. In addition, the
results found that the positive correlation between nitrogen uptake and fresh and dry weight all
plant organs were highly significant with the range of 0.48**- 0.76** and 0.37*- 0.74** for fresh
and dry weight, respectively. Nitrogen and potassium uptake in leaf blade, stem+petio and tuber

were positively correlated with statistically significant correlation coefficient at 0.67**- 0.98**,
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M3197 2.1 wanamsiudlenaalanluil 2014-2017 @A)

Year 2014 2015 2016 2017
World 276,766 276,995 278,754 277,957
Africa 154,900 152,833 155,398 155,962
Nigeria 56,328 57,643 57,855 55,000

Congo, DemocraticRepublic of 16,817 15,300 15,200 14,550

Ghana 16,524 17,213 17,798 19,139

Angola 7,639 7,727 7,788 7,140

Mozambique 12,700 8,103 9,100 10,920
Tanzania, UnitedRepublicof 4,993 5,886 6,000 5,500
Uganda 2,812 2,898 2,400 2,450
Malawi 5,013 4,997 5,000 5,050
Benin 4,067 3,421 4,096 4,150
Cameroon 4,836 5,000 5,170 5,345
Rwanda 3,117 3,000 3,060 3,200
Madagascar 2,930 2,677 2,629 2,700
Coéte d'Ivoire 4,239 5,087 4,548 5,367
Other Africa 12,885 13,881 14,753 15,451
Latin America 32,334 32,299 32,908 29,407
Brazil 23,254 23,060 23,710 20,110
Paraguay 3,000 3,000 3,167 3,168
Colombia 2,186 2,092 2,117 2,125
Other Latin America 3,894 4,147 3,914 4,004
Asia 89,365 91,689 90,274 92,418
Thailand 30,022 32,358 31,161 30,936
Indonesia 23,436 21,801 20,745 20,330
VietNam 10,210 10,740 10,201 10,650
India 8,139 4,373 4,421 4,645
China, mainland 4,593 4,500 4,548 5,000
Cambodia 7,933 11,944 13,298 14,820
Philippines 2,540 2,711 2,755 2,825
Other Asia 2,490 3,261 3,145 3,212
Oceania 249 252 252 247

11: Food and Agriculture Organization of the United Nation, 2017
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Planted Harvested Yield Price Value
Production
Year area area per rai  (Bath per (million
(1,000 tons)
(1,000 rais) (1,000 rais) (kg) kg) bath)
2551 7,750 7,397 25,156 3,401 1.93 48,551
2552 8,584 8,292 30,088 3,628 1.19 35,805
2553 7,669 7,405 22,006 2,972 1.84 40,491
2554 7,400 7,096 21,912 3,088 2.68 58,725
2555 9,242 8,513 29,848 3,506 2.09 62,382
2556 9,037 8,657 30,228 3,492 2.12 64,082
2557 8,976 8,431 30,022 3,561 2.13 63,947
2558 9,320 8,961 32,358 3,611 2.22 71,188
2559 9,313 9,063 31,155 3,437 1.84 57,325
2560 9,442 8,638 31,187 3,611 1.51 47,092
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Area cultivated Area harvested Production
Region
(rais) (rais) (tonnes)
North 1,984,946 1,952,027 6,552,242
northeast 4,807,207 4,688,713 16,835,078
Central 2,126,239 2,073,731 7,107,870
Total 8,918,392 8,714,471 30,495,190
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Soil Parameter very low low medium high very high
pH' <3.5 3.5-4.5 4.5-7.0 7-8 >8
Organic matter” (g/100g) <1.0 1.0-2.0 2.0-4.0 >4.0

Available P’ (mg/kg) <2 2-4 4-15 >15
Exchangeable K (mg/kg) <39.1 39.1-58.6 58.6-97.8 >97.8
Exchangeable Ca' (mg/kg) <50 50-200 200-1000 >1000
Exchangeable Mg' (mg/kg) <24 24-48 48-120 >120

Available S’ (mg/kg) <20 20-40 40-70 >70

Extractable B’ (mg/kg) <0.2 0.2-0.5 0.5-1.0 1-2 >2
Extractable Cu’ (mg/kg) <0.1 0.1-3.0 0.3-1.0 1-5 >5
Extractable Mn '(mg/kg) <5 5-10 10-100 100-250 >250
Extractable Fe' (mg/kg) <1 1-10 10-100 >100

Extractable Zn' (mg/kg) <0.5 0.5-1.0 1.0-5.0 5-50 >50

'soil: water, 1:1 2Walkley and Black method Bray II ‘IN NH,-acetate
*Ca-phosphate  ‘hot water '0.05N HCI+ 0.025N H,SO,
N Howeler, 2014
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Nutritional status

Nutrient

very deficient deficient low sufficient high toxic
Total N (g/100g) <4.0 4.1-4.8 4.8-5.1 5.1-5.8 >5.8 -
Total P (g/100g) <0.25 0.25-0.36  0.36-0.38  0.38-0.50 >5.0
Total K (g/100g) <0.85 0.85-1.26  1.26-1.42 1.42-1.88 1.88-2.40 >2.40
Total Ca (g/100g) <0.25 0.25-0.41 0.41-0.50  0.50-0.72  0.72-0.88  >0.88
Total Mg (g/100g) <0.15 0.15-0.22  0.22-0.24  0.24-0.29 >0.29 -
Total S (g/100g) <0.20 0.20-0.27  0.27-0.30  0.30-0.36 >0.36 -
Total B (mg/kg) <7 7-15 15-18 18-28 28-64 >64
Total Cu (mg/kg) <l.5 1.5-4.8 4.8-6.0 6-10 10-15 >15
Total Fe (mg/kg) <100 100-110 110-120 120-140 140-200 >200
Total Mn (mg/kg) <30 30-40 40-50 50-150 150-250 >250
Total Zn (mg/kg) <25 25-32 32-35 35-57 57-120 >120

nwn Howeler, 2014
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Colorimetric method

Illinois Soil Nitrogen Test (ISNT)

TWUNETHIUNIVNA (Total-K)

Tnunadeuiuana/asu'ld (Exchangeable-K)

Twumandeunuana/asuli'’ld (Non-

Exchangeable K)

HNO; and HCIO, acid digestion method
henara IMNH,0Ac alaein3oq
Inductively Couple Plasma Optical Emission
Spectrometer (ICP-OES)

anaaae 1M HNO, 3alaeiA3ed ICP-OES

[

9
MUZOUNIHYA (Total-S)

=

a d o v .
UNTYININL DU (Organic-S)

=

a d o v .
DUUNTYINIVLDU (Inorganic-S)

Dry combustion
9
"lﬁ’mﬂwamwmﬁmzaumwm
=) %

HAZONUNITMUZOU

Methylene Blue Method

d
3.1.3 mydnszHidoya

a5 5U59u Tas 1% Analysis of Variance (ANOVA) 1521 1ua1

[ 1 { 1 14 a, 1 [ 4 @
LANATNUBIAURATTEHINNTAUUA 1A8IT Ducan’s multiple range test NTLAVANNFONU

95%
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3.2 mInaaesii 2 AnywavewuashIgveslulasunInumadan aemswiaaula

4 v o (%
uazgal¥sgerrisluiiudlzyas
= v v [ v o (v
321 mamssniaqignuazneuiiuglumsgniiuddzna

H Y
MinaaeIduiunsn1saSousu s 01A15919UNM15 Anzma luTadnsinyas
aonfumaluladnszouna U IAUNNITAIANTZI 1URUNITNAADIUUY 3%3
U <] o . . . :
ulanoSoauyy guuaonauy s (3x3 Factorial in Randomized Complete Block Design:

’é IS v v dy
RCBD) 4 41 Nfasslunisnaaensil
Tvio A A1Flunsnaaes fe dasilelulasiu 3 das1 Ao

(1) o'lulasaudast 500 pmol/L (N1)
@ ilolulasausast 1,000 pmol/L (N2)

3) ilo'lulasausast 1,500 pmol/L (N3)
996 B Ao oaijeTnundiFeon 3 oa51

(1) JeTnunaBonons1 500 pmol/L (K1)
@) ieTwimadononsi 1,000 umol/L (K2)

3) ieTwmadononsi 1,500 umol/L (K3)

L) v o 4 1 v 1 1
Ugniiudnlzndviuginuasmaas 5o (KUS0) Arenouiuguaaziouenlszanm 25
I 4
cm lunszanvuia 37 L Tagldeainiluiaalgnuaz 1dsme s luglaisazates dgniile
o A K o A I A @ 4 @
JUN 7 NINYIAY 2560 DATUN 21 arAn 2560 (Tuszezal 3 oY 2 dad 17U Tae
an = Y I = a
n35335 lumInaaeaimslisgemnsiuasazatg lagazimsauansaza1e519e1m13 1y
o ¢ A Yo A ~ ' v A
nn9 2 dland Taeroz 1a5U519011155190U ATUNNHIATEINDADADINADINITYDINSY

FIANUANTUUAZINAIUDIFINO M ITUABL 519 TUA 1Tz 195190 MITHAA TuAIT 19N 3.2
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M519h 3.2 ANUUULAZUNEIUDIA1TAZANYTIADIHIT

No. Element Concentration (umol/L)  Source

1 Nitrogen (N) depend on treatment Ca(NO,),.4H,0
) Phosphorus (P) 100.00 Ca(H,PO,),.H,0
3 Potassium (K) depend on treatment K,SO,, KCl

4 Calcium (Ca) 825.00 CaCl,.2H,0

5 Magnesium (Mg) 200.00 MgSO0,.7H,0

6 Sulfur (S) depend on treatment Na,SO,

7 Iron (Fe) 20.00 Fe-EDTA

8 Zinc (Zn) 0.50 ZnS0,.7H,0

9 Manganese (Mn) 0.25 MnCl,.4H,0

10 Copper (Cu) 0.10 CuSO0,.5H,0

11 Nickel (Ni) 0.02 NiCl,.6H,0

12 Molybdenum (Mo) 0.02 Na,MoO,.2H,0

117 Howeler et al., 1985

3.2.2 maiudoya

~ Y v !

@ a a 1 { { g ! !
Jannugelasnnaau llauluseunafiduivesseaiigeaigavesdu Jan1 SPAD

Q

{ a a <3 { ' 4 a Ia 4 o 4 [
luyuinesy@uTadud vazluunlasldinesnas Isilaaiimeinng ded nasisergasy
A 3 o ] 1 I J o & A a a 3
4 PRUINUAIRE1IIERNTIY 6 a1 Al TuuueTaAy TaliuT (Youngest Fully-Expanded
Leaves: YFEL) uWuly (Leaf blade) drdu+n1uly (Stem+Petio) 510 (Root) ¥ 1 (Old Stem

a

. TP N SV '
Cutting: OSC) Hag 1 (Tuber) 190819 HTAIIINAL Fuhmiinaga i TdouNguugil 70°C

' %} @ { o a o .
aunimiinezaa il imseiisuna luTaseuae33 combustion taz Tnuneixey Tae

v o 1 Yy axn . Yy 9 . v 9y 9 9 4
ANANIDYINAIYIT dry ashing aZD1YLDIAIY aqua regia LAZIAAIUUNIUAIYATDI ICP-OES
a ¢ Y
3.2.3 MIANITHVOYA

a 4 a
An5121 A1 NuY 51591 Tae 19 Analysis of Variance (ANOVA) U5215iua11
' ' A ' ~ o an . ~ Y A d
UANANUDIAURDYTLHINNITANUA 1A8IT Ducan’s multiple range test NILAVANULFOIU
a SN o a Q( o v U % Y % o
95% AnTizHmdulsz@nsanduiusszrnaiminaa iminuie msgedlulasau

uag TnumaidonveuiudlzwdslaslFlsunsudiiagneana
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3.3 MInaaesii 3 Ankwavesduasnaenvad lulasuiuinziy demasyAvlanazga

Tisgermslsiudlzvas
3.3.1 mawsanTaqlgnuaziewiuglumsigniiudnlzvds

H Y
MinaaeIduiunsn1saSousu s 01A15919UNM15 Anzma luTadnsinyas
aonfumaluladnszouna U IAUNNITAIANTZI 1URUNITNAADIUUY 3%3
U <] o . . . :
ulanoSoauyy guuaonauy s (3x3 Factorial in Randomized Complete Block Design:

[

’é IS v dy
RCBD) 4 1 U1l lunsnaaenil
Tvio A A1Flunsnaaes Ae oasiife’lulasiau 3 6as1 Ao

(1) floluTasausas1 500 pmol/L (N1)
@) flolulasausasi 1,000 pmol/L (N2)

3) flolulasausasi 1,500 pmol/L (N3)
998 B Ain oanifoiwzou 3 oA

(1) fJomuzaudns 500 ymol/L (S1)
() Jomuzaudns 1,000 umol/L (S2)

(3) iJoMuzaudnI1 1,500 umol/L (S3)

C) v o 4 1 4 1 1
gniudnlzraviuginuasmeans 50(KU50) neuriuguaaznoue1Iszunal 25 cm
v o [ 2 g o

Ugniudlgvaslunszasvuia 37 L Tagldweniniuiaailgnuaz Idsimemislugl

A o oA 2 o A I A
d13aza18 YgnilieTuin 7 nIngIaN 2560 D3IUN 21 §a1AN 2560 1UsE1Ia1 3 1ADY 2

o 4 o ax = Y I = a

d1la1s 2 71 TagnssudslunmisnaasinisInsigemstluaisazatslagazinisay

[ 4 = Yo A ~
A5aza1e51901Mms unng 2 dilant Tasiwez 1d5Us1901M135190 U9 ATUNNTIQHEIND
ABAIWABINITVDINY FIANWIDUTULAZIHAIVOIFIADIMITUAAL T U 1TAZA 10519

21¥5UAA 1 UA15199 3.2

332 maiudeya

v U

@ a a 1 A A3 A ~ ~ Y
Fannugelasninadau llauluseunadmunvesseangengavesdu an
A a a 2 A 1 9 A a Ia 4 [ 4 v A
SPAD Tuuunwsgan Tadud vazluunlaglgnsosnae lsWadimesnngdiladt viaane
A <] @ ] A ! 3 1 o A A a a 3 A
91gATY 4 1ADUINUAIDINNWANN poNTY 5 a1 Aall TuuunIgan Tadun (Youngest
Fully-Expanded Leaves: YFEL) el (Leave blade) grau+iiuly (Stem+Petio) 510 (Root)

1 901 Q'I Q‘J 901 -7 o
137 (0ld Stem Cutting: OSC) 1z 17 (Tuber) 3197298 19N¥A1INAU Farininaa 11y
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~ a 1 901 @ ~ o a < A o o Y as
UNYUNHN 70°C AIUNNUINUNITAIN m"lﬂamiwwﬂianm"1u1mimuuazmuzauman

combustion M8LATOI LECO TruMac CNS analyzer (LECO Corporation, 2016)
a J Y
3.3.3 MIANTICHIVAYNA

a 4 a
Ans1e¥nuudsUsiuTaeld Analysis of Variance (ANOVA) Us2iiuniu
' ' = 1 = o an . ~ Y A 4
UANANVDIAUNAYTZHININITNIUUA 1A82F Ducan’s multiple range test NITAVANNIFDNY
a SN o a £ o v 1 901 o Bo’ o
95% AnTHAIdulszansanduius sz naihminaa dminuie nsgedslulasau

uaz Inunandenvouiudnlyndalasl¥lsunsudi3gneana
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4.1 Msnaaeed 1 Anvdnswavesdanielulasmunemsnldsumladlulasiou

Tnunaden uazmuzouluaunse
4.1.1 Tlasiou

Aunanlgniiszaunauan 0-30 em 1 luTasnuluzudunidlulasmudaiu
v 1
fovay 92 vosu lulasnusianua Tuvari lulasnulugdeiiuvidlulasnudaiuiovas s
2 o a g 9 ?
vod lulasounua uaz lalas lag lulasnuaaiuiesay 4 veelulasnunivua (a3
N4.1)

' '
a a

a v o ) v A 1 [ [ 1
‘VI‘HWWUFNW‘L!‘EMHﬁﬂJ$°ﬁaﬂ°ﬂlmﬂﬁ5ﬂﬂﬂulliJﬁ\iNﬁ@@gﬂ%ﬂﬂquiﬁilﬂuiuﬂi‘!ﬂ

q

r @)D

~

v {a a (% { 1 o 1 1T A o
JEAUNINAN 0-30 cm 1ummzﬁamwammamwﬂﬂ”luimmuﬁummmu AINDADDUNTY

A v o o a

A o = o Y ' ] a ~
Vluimmummumman 0-30 cm mlvuana1eed1ell YAAUNNTDA ®MINN 4.1) Iﬂﬂfﬂi

TaileluTasiaunonst 24 kg/rai MIFTBUNTF I TaT0UMIAY 624.77 mg/kg ANA19D8193]

Q

v o

o aa o = I 1 1+ 2 A [ =~
Wedagnuadanuvsnwuan lulims ldileluTasnuaadinuminy 389.56 mgkg Tuvazi
= I A 14 Y . ' 1 aa ' '
vanwuanimsldilelulasinudas 4 8 16 oz 32 kg/rai liuanameaneadavas luuanaig
v 9

Aunsnwudan lutingldileTuTasou uennniigdeiiunidlulaseu lelaslad lulasnu
g’/ a d‘ [ = d' ] 1 an 9

oz luTasnunimualu@uiszaunu@n 0-30 cm (15197 4.1) lusanalneadanield

[ A 1 o yw ] a o o J J a a o J @
emﬂﬂvluimmummmmﬂu uaﬂ%mﬁmhluw*uﬂg,]fmwu‘ﬁixwmmwﬁwammwu‘gmamu

A v =<

dlznas nazonsile luTasnuiuanasnuaegdvesluTasnuludunnglfszauanuan

0-30 cm (A15199 4.1)
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v Y
M3197 4.1 oun38 luasu edunsdlulasnu lalas lad lulasmu vazlulasnunivua

@

d‘ = Y o + d‘ 1 [
NITAVNINNAN 0-30 cm maimmwﬂa‘luimmummﬂ@mﬂu

Factor Organic-N Inorganic-N  Hydrolyzable-N Total-N
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Cultivar(C)
KUS50 527.53 30.57 21.37 581.58
RY9 514.44 32.79 23.56 544.89
Average 520.99 31.68 22.47 563.24
Nitrogen(N)
0 389.56b 31.09 22.05 473.68
4 485.55ab 30.54 22.05 552.68
8 551.09ab 31.39 22.68 568.5
16 516.56ab 32.01 23.10 562.58
24 624.77a 34.08 23.97 658.85
32 527.92ab 30.72 21.00 563.13
Average 520.99 31.68 22.47 563.24
F-test
C ns ns ns ns
N * ns ns ns
CxN ns ns ns ns
%CV (C) 23.31 13.52 18.95 21.60
%CV (N) 25.80 14.75 20.21 24.30

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05

Aundalgniiszauaan 30-60 em TuTasnulugiduvisdlulaswuaaiiuiesay
9 [
94 vo1luTasnunanua luvazi lulasnulugdefiunidlulaswudaiuiovas 6 vos

3}/ o a  a 9 g}/ ~
Tulasnunaue tazlalas lag luTasmunailudesas 4 v luTasnunivua @319 4.2)

o v

a a 4 o [ [ + d‘ 1 % " [
ansnavesnugiiudlznas nazoanile lulasnunuanaenu lidwasegilves
a A o =3 A 1 a o 4 1
TuTasnuludunnzifszaunnudn 30-60 cm (15199 4.2) waz lunuU§aunussznag

ansnavesiugvesiudlzvds uazdanilelulasnunuananiudegdveslulasouly
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Auiiszduauin 30-60 em (15197 4.2) Mazzoncini et al. (2011) #ny1dn3 navean1s1fis
TuTasnuludasi 0-300 keN/ma 14917 TnASA1 0-180 keN/ha Ut 12818 Hazdns1 0-150
kgN/ha luniuag 11 @i@mmmﬁ’u%’u%ﬂuiﬁmuﬁ’wm“luauwuiwmﬂdﬂﬂlluiﬂﬁlﬂuiu
8n31 100-200 A lanFuavianaid1msudng Inasas 60-120 A lansusaetana1i dmsuiniad

50-100 kgN/ha dmsumuaz Ju dewa I luTasnunamualuaugaan

v Y
A1519n 4.2 Bunso lulasau entunso lulasou lalaslad lulasou uaz lulasnunivua

[

~ = Yo + A Vo
N3zAUANNED 30-60 cm MeldoasijeluTasmunuanaiany

Factor Organic-N Inorganic-N  Hydrolyzable-N Total-N
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Cultivar(C)
KUS50 550.53 30.05 21.06 580.58
RY9 495.00 32.72 23.22 527.72
Average 522.77 31.39 22.14 554.15
Nitrogen(N)
0 514.74 31.56 22.58 546.3
4 486.62 32.35 23.63 518.97
8 528.45 29.50 20.13 557.95
16 461.95 30.97 21.53 492.92
24 573.60 31.72 22.23 603.43
32 571.23 32.21 22.75 605.32
Average 522.77 31.39 22.14 554.15
F-test
C ns ns ns ns
N ns ns ns ns
CxN ns ns ns ns
%CV (C) 26.11 14.62 20.51 24.68
%CV (N) 29.03 19.41 24.82 27.61

SE = standard error of mean, *significant at p <0.05, **significant at p <0.01, ns=not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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4.1.2 Twuman e
Auraslgniszaunwan 0-30 em TU5ua Tnunadonlugilivan/aeuldna
Y H H 1
flufevaz 2 voaTwunadounanua luvagh Inunadonlugdivanalaoulilddadiuies

Y v
A 4 VoI INUNAHFIUNINUA (A1T19N 4.3)

v v v 1] 1 Y
M99 4.3 Twunassunuanalaeuld Tnumadeunuanadouli’ld uay InumaFsunaviua

[

A =2 PRy + A 1 o
NszAUAMNEN 0-30 cm MeldvanieTuTasnuiuana ey

Factor Exchangeable-K Non-Exchangeable K Total-K
(mg/kg) (mg/kg) (mg/kg)
Cultivar(C)
KUS50 28.85 51.70 1687.71
RY9 28.83 54.93 1403.03
Average 28.84 53.32 1,545.37
Nitrogen(N)
0 29.24ab 57.90 1674.34
4 28.37ab 57.68 1369.23
8 32.23a 53.82 1398.61
16 22.86b 45.54 1260.65
24 30.90a 55.13 1329.33
32 29.44ab 49.79 1120.11
Average 28.84 53.32 1,545.37
F-test
C ns ns ns
N * ns ns
CxN ns ns ns
%CV (C) 18.56 25.38 26.73
%CV (N) 17.46 24.02 25.64

SE = standard error of mean, *significant at p <0.05, **significant at p <0.01, ns=not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05

o

a A v Jdo o v A 1 U 1 ~ a
a‘n‘ﬁwamaQ‘WuIjuumﬂwamu@ﬂmmu"lumWa@]agﬂmaﬂwgmm%uiuﬂunﬂ

v
a [

A o = =i Aa + ~ T o
T]Jcﬂigﬂ‘llﬂ’ﬂllaﬂ 0-30 cm (M5 19N 4.3) Gluﬂ]mgm@ﬂ‘ﬁwa““@\i@@ﬁ"Iﬂﬂllujﬁﬁlﬂu‘ﬂuﬁﬂﬁwﬂﬂu

U
]

dawald TnunaidoulugUivann/aeuldluaunssduanuan 0-30 cm Tunsnwudaniinig

TadloTuTnsinusns 8 uag 24 kg/rai M10U 32.23 1Az 30.90 mg/kg MUAIND LANANNNADA

v o w o ~ 4

pgnided iy nunInwuaniniildilelulasnuens 16 kgrai IAUN10D 22.86 mg/kg

1 4

Tuyazindnauan itinslade luTasou viinmudildileluTasnusas 4 uag 32 kg/rai

3
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[N aa ] A v o W ] ' @ ~ s 1 4 o
Tigrannadaedniiisdidguas liuanarduninwuaninisldade’luTasoudns 8 24
(4 o a s d o d o d d
ez 16 kg/rai Jduqves Inunadeu luauiszaAuauEan 0-30 cm InunaFeunivani)dou
] 9 = g}; 1 1 [ Aana Y o +| d' 1 [ ]
Tilduaz TnunaFounsvua lunananwnunuanameldonsifleluTasmuiuanatenu 1u

a o o J ' a a v Jd o o @ @ + A 1 @ 1
W‘]Jﬂ;]ﬁuwu‘ﬁizﬁ’JN’E]T]‘ﬁWﬁGUENWl!‘ﬁiJuﬂﬂJM’TaQ u,azassmﬂa"luiﬂmummwmﬂuﬂegﬂ

~ a A o = A
voa InunaFen IuaunszauAINAN 0-30 cm (15199 4.3)

'
a I} v

{ { a  d
AuNszAUALEN 30-60 cm Tnumendeonlugdnuanaou lddaiiiudosas 2 ves
Y v

TwunaFounanua luvazi TnunaFoulugdivanndoulilddaiiuiosaz 3 vos

Y 1
TWUNAHFIUNIHUA (AN 4.4)
a a % J o ) Y] l-ﬂ' 1 [} [ ] 1 = 1 d‘
ansnavosnugiudlzvasiuanaenu ludwwaae Tnunadonlugilaa a

v
=1

(% =< d‘a a v + d' 1 [
FLAVAINAN 30-60 cm (AT NN 4.4) 1umm$wSWﬁwamaqa@swﬂﬂ”luTmmummmNﬂu

[

Y v H 9
Fanane InunaFeunavua luAUNTLAUAUAN 30-60 cm (A1319N 4.4) TWUNTTIUNINUA

[

1 @ aa 1 A v o G A 2 1+ a 1w
UANANWNAUNNADADY WU UIT 1NN Tﬂﬂslumimuum‘1/1‘13434mﬂﬁﬂﬂuimmuummmu

'
A v o w aa o = I

1,737.1 mg/kg tazuananesaisdingnuananuninuuanimilaile lulasnudns 32

o

24 11 16 kg/rai MMUEIAY AU 1,206.4 1,326.4 1Az 1,328.8 mg/kg Mud 161 31U V03

Twuna@enluaunszauanuan 30-60 cm Inunameunuanasu’ld vaz InunaEeun

o J

sanaeulila luaemeadanisldasaseluTasnuinanais lunul jaunussznig

v

a v o [ [ +| 1 = a ~ [
ninavesiugiudnlenas uazdaiile lulasnuaeglves Tnumadenluaunszauanu

)
= =
an 30-60 cm (115197 4.4)
< Y = ? = 1 aa ] =
MKanIINAasIziu a1 InunaFeunaruaiinnuuanaaneaaaed el
v o w A A Y] = A Y] ) [ YR~ A A 1 Y K
Wedagy luAunszAunINan 30-60 cm iiesnniudlzvduiluisniszuusinasudiaan
A J =2 =2 = = o v A
HAZINHAMINATDIN 2 NUNNIgaas TuTasnurazmsgans InunaFeulanduiusiz
A Uk o = I = 2 oA =
van Aen1slailelulasnuludaigauisizganluTasnuuindu Nerzgaas
= 2 2 9 v 2 ~ SN 1A ' 2K A = ~ A '
TnunaFoumuauade asiulunsnwuan Tuimsld TuTasnudad Tnmadosuinanioo
a 1 P 1 g P '
TuaugeannninwudnmsladeluTasou venvintiluninwuaniildilelulasmuly
v A dﬁf o A %} v %} o Y ' ' 1+ A
gasgerugsiiminga wazihminuiauinniims liladle lulaswu (@sremanuani

[ a % Aa o j‘ {
1) Raanald InunaFouda lfunandaisniesnaniunld
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v v v 1] 1 Y
M9 4.4 TwmaGeunuanadould Twimadeunuana/aeulula was Inuna@Founavua

d‘ [ = Y o =+ d' J v
NITAVUANNAN 30-60 cm mffl@]amwﬂﬂ"luimmummnmqnu

Exchangeable-K Non-Exchangeable-K Total-K
Factor
(mg/kg) (mg/kg) (mg/kg)
Cultivar(C)
KUS50 19.02 39.82 1,554.61
RY9 18.07 45.4 1,319.19
Average 18.55 42.61 1,436.90
Nitrogen(N)
0 23.12 43.67 1,737.1a
4 16.11 44.27 1,520.4ab
8 16.90 46.48 1,459.8ab
16 19.41 42.73 1,328.8b
24 18.84 43.54 1,326.4b
32 23.12 34.98 1,206.4b
Average 18.55 42.61 1,436.90
F-test
C ns ns ns
N ns ns *
CxN ns ns ns
%CV (C) 33.48 34.17 17.22
%CV (N) 32.39 32.44 19.08

SE = standard error of mean, *significant at p <0.05, **significant at p <0.01, ns=not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05

4.1.3 MuzOU

v A Ia 9

a o ~ = o [ a I
ﬂuﬁaﬁﬂgﬂﬂigﬂﬂﬂ’ﬂuﬁﬂ 0-30 cm ﬂ1N$ﬂu1u§ﬂﬂuﬂﬁﬂﬂﬂlﬂui@ﬂa$ 98 YD

{ v a A da 9 {

o v & A o 3 Y o v @ =
NUSDUNNNUA 11!“]]ﬂ!g‘ﬂﬂ13J$ﬂu‘luﬁﬂﬂuuﬂﬁﬂﬂﬂlﬂui'ﬂﬂag 2 YDINMULAUNINUA (AT NN

u

a a v o o v v + A 1 [ [ 1
4.5) anFnaveiugiudznas uazeanilelulasnuivanaisnuludinadogiaeg

o

o o A a A [ =3 A 1 a o 4 1 a a
MuzaunluauiszauaIuan 0-30 cm (911590 4.5) "lmmegﬁmwmizmwamwamm
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@ Y]

J ) (% (% + A ' o 1 o [ a A [ =<
NWUD udlznas uaxemnja"luTmmu‘nLmfmNﬂuﬂeg1J6ummmauiu@ummummaﬂ

0-30 cm (A15199 4.5)

Y a J o @ a J o o o & ! o
ﬂTi'N‘ﬁ 4.5 DUNTIMULZOU DHUNTINULIU Lmzmmﬂumﬁmﬁwﬂummﬁﬂ 0-30 cm

moldvasileTulasnunuanaieiu

Organic-S Inorganic-S Total-S
Factor
(mg/kg) (mg/kg) (mg/kg)
Cultivar(C)
KU50 121.86 2.63 124.49
RY9 119.18 2.30 121.48
Average 120.52 2.47 122.99
Nitrogen(N)
0 117.17 2.03 119.2
4 111.71 2.83 114.53
8 82.42 1.87 84.3
16 116.51 2.35 118.53
24 155.89 3.82 159.72
32 139.46 1.87 141.33
Average 120.53 2.47 122.99
F-test
C ns ns ns
N ns ns ns
CxN ns ns ns
%CV (C) 56.17 52.42 55.18
%CV (N) 55.73 55.48 54.56

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05

@ A JIa 9

a ! ° @ a < o @
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g A o @ a A da I Y o @ ~
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a A v o o v A 1 [ [ 1 o o a 1 [
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a =

o o 1% o o y a A o =3 A a S J
DUNITINTUSDU uaxmmaumwmiuaummumman 30-60 cm (151NN 4.6) DUNTY
o v A 1 ] A v o W an =) o’d‘ = 1 4 =
ﬂ'liJ$ﬂu1Jﬂ’J'13JLLGIﬂGIN’08ﬂ\13JHfJﬁ']ﬂﬂJuTI'Nﬁﬂ@]Iﬂ‘t’Jﬂlu‘Vlﬁ‘V]LiJu@]‘I/l‘lilﬁJﬂﬁGlﬁ‘lJfJUluIﬂiLﬂuiJﬂW

[ 1 ] A o o W aa o = S A 14
MNY 164.64 mg/kg UASUANATNDINUUITIAYNNTDA ‘]J1/I§1/IL3J1WI‘I/]3Jﬂ"liclﬁﬂﬂlluiﬂiﬁlu
[ . R oA [ o [ g’/ ~ = S 1A 14
9031 24 kg/rai FIUAUNINY 69.01 mg/kg MuznunInuagenga luninuudan luidinglaiy

Tulasiou Wiy 124.75 mgkg vaznunluninmuaninmilailelulasnuisns 24 kg/rai

A o o 3/ o A ' 1 A v o W aa ~ <A 12 14
1lﬂ1ll3ﬂ‘L!‘VN‘H11@1G]TV]’ﬁjﬂLm%Lmﬂ@]NE)EJN3J‘LlEJ’éﬁﬂilul“VINﬁ'ﬂG]i]1ﬂVIiVIL3JUG]VI13J3Jﬂ151ﬁ1JEJ

Q

a,

. 1 1 @ 1 a o Y 4 1 a a Y
TuTasiou Feliauniny 71.2 mgkg naz lunud duwussgniedninavoawug

Q

=

wudnlznas nazoasiilelulasnuivananiuasgdaesiwzouluaunszaunudn

30-60 cm (A13197 4.6)
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d‘ o o A v =3 Y v +| A 1 o
M3191 4.6 JUvestwzauNTZAVAMWEN 30-60 cm MeldvaileluTasnunuanaany

Organic-S Inorganic-S Total-S
Factor
(mg/kg) (mg/kg) (mg/kg)
Cultivar(C)
KUS50 116.91 1.93 118.84
RY9 120.33 2.35 122.68
Average 118.62 2.14 122.68
Nitrogen(N)
0 164.64a 2.99 167.63a
4 122.72ab 2.03 124.75ab
8 128.11ab 1.87 129.98ab
16 129.71ab 2.04 131.75ab
24 69.01b 2.19 71.2b
32 97.55ab 1.71 99.27ab
Average 118.62 2.14 122.67
F-test
C ns ns ns
N * ns *
CxN ns ns ns
%CV (C) 51.48 48.09 50.82
%CV (N) 50.22 53.80 49.58

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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4.2 Msnaaesii 2 Anwavewuasnsmvedlulasmunulnunadan aomswiaaula

v U o v
uazgal¥sgerrsluiudlzyas

4.2.1 MswsaAula

i Y
anugeveaiudilznduiuiuauoigueuiudnlznas minwan1InAaINY N
anugaesiudilzraslinnuannuedidiisdiaynieadanigldaoninavesdnsiile
TuTaswuiuanaiaiu (3U9 4.1) Anugaveuiudilsndanieny 108 71 Tanuuana1ana
aa { J < 1w
add lagganga lunianwud N3 509090111 N2 wag N1 i 206.92 185.58 11ag 147.64 cm
o w Aa a (3 +| = T 1 Y ) v
awday Tuvaznansnavessasiile TwunaFeou ludawanennugevouiudiznds
{ ] a o o J 1 @ o 1
(U7 4.1 vaz hinulduiussennonielulasnunazoasile TnumaFoudeanuga

voiudlena (1N 4.1)

N : p <0.0001
250 K :p=0.7607
NxK : p=0.1058
200 I
~ k I |
E 150
ey
‘s 100
T
50
0
N1 N2 N3 K1 K2 K3
Treatment

51 4.1 aAnwgaveniudilzrdsiiony 108 Sumeldoasiilelulasiou uas

TwunaFeuNUanNA1NY

Uwah et al. (2013) fAnwnilszansnmvesms1dileluTasnuuaz Tnunaidonlu

[*%} o % 1 % o % Q' dgg % = dl

Hudnlzramunanugeesiudilznaunuiuawoaiveslulasmunas TnundiFeun

dy = @ o @ A d' Yo [ a [ 1 I'4

garu Fennugevesiudilzndsgeigaio 1a5u TuTasoulusas 120 Alanfuaeianais

{ o a @ 1 I'd
uaz InuNaFeuNoas1 80 0 lansuAIaNA13 Dkhil ez al. (2011): ©191A8 Uwah ef al. (2013)
' Y o v A ~ J YA A

189U 190AT 1095190115 TuszauNzaNuaziesnedIna Iinlinsnoua e
1 a a a 1 A o 4 [ 4 < o

apnmsaan Talwduan aemawusiuiusaduazmsduniizralonasgailfuuig

] Y )] Y
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v Y
Cenpukdee and Fukai (1991) 5189117919210 gaveaud 1z vaunuiuaindnsive il
Ao a I+ A A ' 9 o
TuTasau venaniidalisieanuaesmsledelulasauluisdus wu 912 Tna dume uay
' Y
U9 danalin1ugevoIi WU Y (Wang and Xing, 2017; Panddey ef al., 2018; Singh et al.,

2016)

'
9 v A

Y
udnlzvdaneny 1 Hous SPAD vessiudlznasnsluvunazluaasudia
Y Y
wilsdsavauauganisnaaed nasdugansnaasInya1 SPAD Tuluvuuazluaisvesiu
) [ 1 1 A v o w aa ya A [ +| ~ 1 [
dlznaumnanegliisdryneananelaonsnacasiieulasnuiuanaienu (@

SIS 9

1 4.7) Taga1 SPAD vouiud1)enaaneryg 108 U uanannwddnedwiivdiny Tasluly
[ % ] 1 aa o o [
vugagalundnmud N3 miiy 42,34 uaz liuana 19n1eadanuni nwud N2 mn 41.31
'n ! 4 [ o w U Y] o [
tazdNgalunInwua N1 a1 38.04 a1y luvazal SPAD veaiudzvasluly
[ 1 ) o o 1 ° [ ] % A I
419 A1 SPAD veaiudznasluluasdnnluvuedwganu iesanlulaswuiusig
4 A duy “ o < v : :
p1mIsdeud 18 N1suaaeIN15v1a519011 15 luludedunamu laganuniluluai
1 1 { 4 1w
(Howeler, 2014; Sullivan, 2010) Taga1 SPAD Tuluaigesgangalunsnmua N3 imny 34.64
'n { [ ] 1 EY-NY 4 [
uazdnga luninwud N1 vy 30.39 uaz hitana1aneadanunsnmud N2 mafy 32.09

Howeler (2014) 5189141015910 lu Tasnudna Idiud 1z naauanso1nis chlorosis (317

4 ¥y

4.2) lusuannluarwazaszaelunmedu Tulaswumiuaae lsias lulugsazduaiy
A R o

anwamisa lumsdunsizdnasvesisarii e SPAD Tuninmud N1 difiga (Uwah et

al.,2013)

]
IR = 1

ansnavessasije Inunamounuanasnudawadsn SPAD luluai (i
1

1 1 1 aa ' A v o w A ~ J ' o
4.7) A1 SPAD ’LJGIJJﬁNLmﬂ@lN“V]NfTﬂG]@EJNlIUEJﬁWﬂiLJ Tﬂﬂgwqﬂ“lummnu@ K2 minu

Howeler (2014) 5189141M 310 Inund@ensiua1ls aiazuange1n1s Chlorotic
[ Y] 4 1 H ]
T luuu waluvraiugazuaneinisluluaie (399 4.3) Sullivan (2010) WVI1N15V1A
@ ' % ] <
Twuna@euluiumearzuand®1n1s Chlorosis 8E19FAIY D819 15NAIWAITUTAIDINITVIA
v [ o 4 1 a yw 1
Tnune@oue1vrzuaasenuiannu ldamnuivesivuaaz yiia uazuonainiida linuy
a o o o 1 [ [ 1 1 @
Ugduiusszniedasilelulason vazdasijeTnunaiFouaoni SPAD luluvewiu

a1leras (a13519n 4.7)
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M5191 4.7 71 SPAD vouiudilznasniong 108 Jumelasasiie lulasou uag Tnunadon

fuananariu
SPAD
Factor

Upper leaves Lower leaves
Nitrogen (N)
N1 38.04b 30.39b
N2 41.31a 32.09b
N3 42.34a 34.64a
Average 40.56 32.37
Potassium (K)
K1 40.94 32.13AB
K2 40.82 33.75A
K3 39.92 31.23B
Average 40.56 32.37
F-test
N *% %
K ns *
NxK ns ns
%CV 3.7 73

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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314 4.2 Tupuveuiudnlendsfiony 1 heu Nuaaav1n1s Chiorosis 3nu1a TuTasauly

@ o [ 4 o o @
nInmua N1 (@) lvuuveuiudrlzraaluninmud N1K1 ) luuuvesiudinlzvdalunin

4 @ o 1Y = 4
wua N1K2 (o) luvuveaiudilevaslunsnuua N1K3

A

31N 4.3 Tupuveuiudilzrasiiong 1 wew Auaato1Ns Chlorosis 11NV1A

q

TwunaFenluninmud K1 ) luvuvesiudienaaluninuug N1K1 (b)luuuveaiu

dlzraalunsnmud N2K1 (o) luvuaeauiudiendaluninmud N3K1
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v H $ 1 o
msagzauihminaavewiudnlzndiiony 108 Tugengaludiudidu+iuly

I v Y o = ¥ o o o w A
5@@@1\11J1L‘]Ju14'3 Y31 310 LLﬁ%ﬂTq@ﬂiUﬂlﬂﬁNuﬁWﬂ%Waﬂ A10[19 (1T NN 4.8)

Aa A [ + ~ 1 [ 1 1 % o o 9 kY
answavesoailelulasnuiivananudwanoimingaluly drdu+iu
Y Y H Y
1y %7 910 vazivindanIvuavelud 1l nas (M99 4.8) Wminaaveslunazsini
1 [ ] % o [ aa 4 . [} Aaa v
ANuaNnuedlvediayneand Tasgegaluninwud N3 a9liarenieadany
~ 14 o A ~ 4 %} @ Y o [ ~ o
NINWUA N2 pazimingaluninmud N1 Tasthriinaavedlududienaaluninmud N
1 o o QU 90’ v
N2 tag N3 11101 78.80 153.10 ag 146.67 g/plant Mua1a 1 uaziiviinaavossinlunsn
J 1w o w ya a
UA N1 N2 ag N3 151101 114.29 178.06 t1ag 181.81 g/plant AUA1AY UBNINUDNTNAVDY
o + ~ 1 [ | 1 H o 4 o 9 v o Y
ol lulasnuiuananudidwaaeiiminagaludulu+didu wa naziminea
Y v o @ A A ~ 4 I
NaInuaveaiud)ends (131N 4.8) Tasliargagalumsnuua N3 sedasnuilu N2 uag N1
o w %l @ o 4 T W
muaay ivinaavesdulu+ddulunsnmud N1 N2 uay N3 5i1du 118.11 213.01 uay
o w %} % o o [
276.24 g/plant MUAIAD UM HNAAvUeIH I lunTNwUA N1 N2 uag N3 110U 97.73 206.85
o o aol v g’; Y o [ o
1a 267.53 g/plant Mud AU Mininaaninuavesiudienasluninwua N1 N2 uag N3
MR 565.07 910.14 1182 1110.62 g/plant AUd1AD wanswiady Tavesiudilendediu

4 i1
mindaaeandonumses yay Taauanug iesnnanugevesindnlendsgegalu

= J =K 1 Y ~ 4 = ¥ o v o [ A
NINUUA N3 mmwaiﬂummnum N3 umiﬁ$auumuﬂmmuumﬂwmgmqﬂ

]
a @

{ 1 1) [ 1 9.! o @
luvuzionsnavessasile TnunaFouiuanarsnu lidawaaeiminaavo sy

drlzraslunndiu (15199 4.8) FANUTOAARDINDNITNE YAY TARIUANUFUFUNY

iesnnanugevesindlznasnieldonsnavessasiile TnunaGeuiuanaranu

aaf V4

1 @ 1 %} o ] 1 [ 1 [ 1 a o
Llﬁﬂﬁ10ﬂu%1ﬁﬁﬂ@ﬂ\iﬁﬂNﬁiﬁjHWWuﬂﬁﬂllullﬁﬂgnﬂﬂuﬁjﬁm%uﬂu LL@ZqNWUﬂQﬁﬂJWH‘ﬁ

1 (3 =+ = ' ?:’ % % 9 [ d'
igﬁ’JN@ﬁﬁﬁJ‘ﬂ"luTﬁimu waz InunaFeuaoiiminaavesiud1evas (91195190 4.8)
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v Y Y Y
M99 4.8 Uninaaly Mulu+ardu mdh 5910 % wazihminganivuavesiud e uds

P Y +| = A 1 [
moldoasile lulasiou vag TnunaBouiivanaienu

Fresh weight (g/plant)
Factor

Leaf blade Stem+Petio OSC Root Tuber Total
Nitrogen (N)
N1 78.80b 118.11c 152.83 114.29b 97.73¢ 565.07c
N2 153.10a 213.01b 161.66 178.06a 206.85b 910.14b
N3 146.67a 276.24a 169.87 181.81a 267.53a 1110.62a
Average 126.19 202.45 161.45 158.05 190.73 861.95
Potassium (K)
K1 118.25 198.96 156.43 153.99 175.00 877.38
K2 129.49 210.02 162.71 146.2 190.06 844.85
K3 130.82 198.37 165.22 173.97 207.05 863.59
Average 126.19 202.45 161.45 158.05 190.73 861.95
F-test
N *% *% ns % *% *%
K ns ns ns ns ns ns
NxK * ns ns ok ns ns
%CV 30.3 14.9 12.5 22.4 33.7 14.1

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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% @ Y o ) o A [y a3 a a [ [
msazauiminudeveauindilevasiong 108 vl luniamaRernuny
% Y { J Y o F) o w
msagauiminaalaggangaluaiuia sesasuund drdu+nmlu Tu vazsin awday
(A137199 4.8)
Aa A % + A 1 o ' 1 H o Y U 9
ansnavesoniile lulasnuinanaenudwaneiiminuilunndiueniu
9y A 90‘ @ 9 @ ~ = o [ 1
Wi (3190 4.9) Tashmiinudeluly 510 wazirgeiigaluninwud N3 waz luuanaig
aa o =l J 'o ~ ~ 4 ?_,' @ Y Y] o [ ~
NWADANUNITNNUA N2 tazimngaluninmuad N1 inminudevedlududnlenadslunin
4 1 @ o ?_,' [y
WUA N1 N2 (ag N3 1191 20.71 39.26 4ag 40.15 g/plant Aud1ay Wniinutavessinlu
4 [ o w %’ v Ly
WINWUA N1 N2 1ag N3 (10U 9.86 14.42 1ag 15.83 g/plant Aua1ay 1ninuiavesrialu
4 Y] o ?a’ [}

WINWUA N1 N2 11 N3 110D 53.03 103.27 ag 111.80 g/plant auaay wminusialumu
o Y %l @ Y al/ o o [ ~ = 4 I~
lu+dau vazihminudanamuaveaiudnlenasgangaluninmud N3 sosaannilu N2

o @ g [} %l 4 [ Y]
az N1 auaiau Tastminudsvesnulu+driduluninmud N1 N2 tag N3 iy 87.38

o v aol o g’/ 4 | Y
70.76 Uag 47.72 g/plant A1UD AU umuﬂuﬁlmwmiuﬁmuuﬁ NI N2 iag N3 minuy

339.48 294.01 1A% 200.96 g/plant AUEIAY

a a @ H 1 Y] [ %l [} Y [}
ansnavesdas il InunaiFounuanarenu bidiwaiiminud ey
[} 4 1

dlznaslunnaiu (15199 4.9) vaz luwvilfduwusszniedninavessasiielulasou

1 ?)I % o o U
ez TnunaFeuaosiviinuisueaiudileras

¥ [
= ~

Cenpukdee and Fukai (1991) 5189143109+ WuAly uaza11ugvesiu
) o A L%I o A & I A o Y ?:’ Y] go’ o
dlznaunnyuamennvedlulasnuigs Feervtlumguainldihminaauazimiin
Y
u9vo9iud 1z naegalu Cuvaca er al. (2017) WM ldile TnunaFonludnsi 150
a @ [ s A ] = o Yy a 1 1+ A @ =
alanfuasgnaiiiesodiufeniliinandagininmsldilelulasnunseeanosmiio
] ] I J [ { o
pd1uaed 0619 lsnamnisladlelulasou WeaWeia uaz TnunaBeuiions1 60-60-0
a [ 1 d 1 YA a A = FY (% g}/ dy 1
nlansuaeanas daHa INNHANAAgINga TIa0nnaeINUNaN1TNAaDdluATIHNY I
a WY ] o 3 o v v o o A
Tnunadonluladewadeiihmingauazihmiinudsvesiud e nas (a19199 4.2-4.3)
9
UBNINU Agbaje and Akinlosotu (2004) 31891u21015 1d1]e'TuTasiau WeaveSa uay
{ o a [ 1 g 1 a § 1A 1A o
TwunaiGoy 20-10-10 N9A31 400 A lansuaetanas dewalilnandngenge uaieldnons

800 A lanSusotanals dmalimandaiudinlzridianas
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H 3 o Y o @ ¥ @ e v o @
Vn'i]ﬂ‘ﬁ 4.9 u’]ﬁuﬂllﬁj\iﬁlﬂ ﬂ’]uﬁlﬂ+a1§9{u LW\%}W 510 W2 L MUNEANIMNAv N UG 1U21as

molasnsilelulasnu wag InunaFouiuanaieny

Dry weight (g/plant)
Factor

Leaf blade Stem+Petio OSC Root Tuber Total
Nitrogen (N)
N1 20.71b 47.72¢ 70.55 9.86b 53.03b 200.96¢
N2 39.26a 70.76b 70.02 14.42a 103.27a 294.01b
N3 40.15a 87.38a 74.83 15.83a 111.80a 339.48a
Average 33.37 68.62 71.79 13.37 89.37 278.15
Potassium (K)
K1 30.3 70.44 68.25 13.75 82.79 278.57
K2 34.39 68.53 73.72 12.29 84.58 271.33
K3 35.43 66.89 73.42 14.06 100.73 284.55
Average 33.37 68.62 71.79 13.37 89.37 278.15
F-test
N ok ok ns * *% *o%
K ns ns ns ns ns ns
NxK ns ns ns ns ns ns
%CV 27.4 14.1 12.7 22.8 27.2 14.6

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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Yy 9 =<
4.2.2 ANNVYNVUHASMIPANEINDIHIT

Y 9 ' ~ v & A
4.2.2.1 ﬂ’)nJHJiJ‘IIu“UfNﬁTﬂENﬁ'Iialucl‘U’f)’f)uVIGUEJ']fJﬁ’Jmu‘V] (Youngest Fully

Expanded Leaves: YFEL)
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o % = A A 1 A A a < ~
TuTasou dwgdu unaon uunfiFeoululusouinnig@nTadu (15197 4.10) Tagaw
9 9 =1 4 = | LY 1 1 @ Aana o
Wuduvee luTasnuluninwud N3 Tauniny 4.13 ¢/100g taz liuanaanun19adanuyn

@ [
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ADANUNINIWUA N2 tag N3 anuuduvosna@eonIunSnmud N1 N2 uag N3 5iiy
1.07 0.80 1@ 0.72 g/100g MUY ANMTUTUvoauunTiFeou I unInmud N1 N2 uag N3
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v v H
M5197 4.10 ANUTUTUNIUAYEIT IR IMIHANLAZ IR T lulusounws A Ta

g A v o [ Yo +
1NN (Youngest Fully-Expanded Leaves: YFEL)Uoaiud 11z viaq ma“lmamwﬂﬂlluimmu

oA "o
ez Tnunaiseunuana 19Ny

Total N Total P Total K Total S  Total Ca  Total Mg
Factor

(g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)
Critical level 5.1-5.8 0.38-0.50 1.42-1.88 0.30-0.36  0.50-0.72  0.24-0.29
Nitrogen (N)
N1 3.61b 0.40 1.60 0.30b 1.07a 0.47a
N2 4.02a 0.39 1.61 0.32ab 0.80b 0.41b
N3 4.13a 0.35 1.53 0.33a 0.72b 0.39b
Average 3.92 0.39 1.58 0.32 0.86 0.42
Potassium (K)
K1 3.97 0.42 1.56 0.32 0.9 0.44
K2 3.94 0.41 1.64 0.32 0.84 0.42
K3 3.86 0.36 1.54 0.31 0.85 0.41
Average 3.92 0.39 1.58 0.32 0.86 0.42
F-test
N ok ns ns * *ok *
K ns ns ns ns ns ns
NxK ns ns ns ns ns ns
%CV 7.96 15.96 16.95 7.82 16.20 16.69

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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1A o Yy 9 1 A o 3 A

MNANIATIHANUTUTUVDI51901115 1 U UNVEBA WAL (Youngest
Fully-Expanded Leaves: YFEL) Y093 ud112#a101g 4 Rou 1aaadaan1uzv0951901115 1uaiu
° o A ] = 1 ~ 4 1 Yy 9 <
d1lgnaalae1nsziiunNA IR ABUDIAALTNINMUUANLI ANVVVTUUDI AN NOIAT LDy
Y] = 1 A a a 3 A 1 Y] d'; [ 1A a Y] o (% ~
danzaluesunwigmuladuneglussaundin11A1Ingaveiud 1enas (13199 4.11)

{ a 1A a 1 { A a 1< §

Tuvagnanududuuewsmile vag Tusownua1inga lulueeunni ydu Taunue

Juanlenag

a [

a + ~ 1 1] 1 [ Yy 9 I
E]‘Vl‘ﬁwa"]]@\iﬂg’lﬁ'lﬂﬂVlUIﬁﬁﬁluwu@ﬂﬁ’Nﬂua‘ﬁﬂﬁﬁ@ﬂ'ﬁ’llll"]]ll"]lu"]lﬂﬁlwaﬂ
~ a A o 1 A A a 2 A ~ = Y 9
LNDIUE NOLLAN Llagillau@]uuiuiu@@uﬂlﬂiml@UIﬁlﬁuﬂ TN 4.11) UANWUNUUUDY

IS4 v

I~ 1 1 1Y ] aa (] o Y]
mianggaluns nwud N3 TauMIny 60.98 mgkg tazuana W Nataed 9 od 1Ay AL
~ o s 1 o g = S 1 aa o ~ 4 2 A
M3 NUUA N1 LA UNIND 38.96 mgkg TASNITDINTNIMUA IHANNNEDANUNI NIUUA N2 F9TiAn

[ Y A Yy 9 =} Aa A o =) 4
M0 46.52 mgkg THvpzNANUALTUYDWINUE NowAd iaz TuauATNgIgaluns nua
N1 tazuanagedliiodvameanan I nmud N2 uag N3 anududuveauamialunin

o 1w o w
BIUA N1 N2 uag N3 11170 413.12 318.97 1ag 279.96 mgkg MUa 191 ANUduduvaInonsly
4 [ % o w a v
WINWUA N1 N2 iag N3 101 4.02 3.33 18 3.34 mgke MUa1a D AUt uyuvee luavaiuly

WINMAUA N1 N2 tag N3 100 3.67 2.63 18 2.29 mgkg Muaay

Tuvznonswavesdasiilo TnunaFouiuanaranu lidawagonuudu
' A a a 3 A v o [ P~ A Ay o J '
Yo39a51901113 T luseunesymy Iadunveuindlevas (19519 4.11) Dlgdunusszrning
a a @ + = ' Y 9 < a A o
answaveswasilelulasnua: TnmaGouaoanududuvounan Tusou uaz Tuaudivlu

1 N a <3 { {
lupeunwia@u Tadun (31N 4.11)
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d‘ Yy 9 zgzl.l 1 A a a 3 A
MM 4.11 ANVATNTUNINUAVDIa51901M15 1 Tusoun I Ay Tatdumn (Youngest

Fully-Expanded Leaves: YFEL)vouiudlgnas neldsasiile’lulasiou uag Inunadond

HANAINY

Total Fe  Total Mn Total Cu Total Zn Total B Total Mo

Factor

(mg/kg)  (mg/kg)  (mgkg)  (mgkg)  (mgkg)  (mgke)
Critical level 120-140 150-250 6-10 35-57 18-28 -
Nitrogen (N)
N1 38.96b 413.12a 4.02a 38.77 50.42 3.67a
N2 46.52ab 318.97b 3.33b 30.73 41.89 2.63b
N3 60.98a 279.96b 3.34b 30.18 43.05 2.29b
Average 48.36 337.34 3.56 33.23 45.12 2.86
Potassium (K)
K1 48.74 355.44 3.63 33.36 46.13 291
K2 41.93 334.9 3.65 32.51 44.66 3.05
K3 54.42 321.69 3.4 33.81 44.57 2.62
Average 48.36 337.34 3.56 33.23 45.12 2.86
F-test
N * *% * ns ns *%
K ns ns ns ns ns ns
NxK *k ns ns ns * *
%CV 30.45 14.49 17.56 24.38 17.20 21.45

SE = standard error of mean, *significant at p <0.05, **significant at p <0.01, ns=not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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Y
=3

Y 9 o o A X w + a4
mmmmumaﬂuimmuuazﬂmzamwmummmﬁﬂ8‘1u1migi}umwmu

[

~ 1 o [ I )
(159N 4.10) Aulakh and Malhi (2005) 518911 Tulasnuaziuzdudluesnlsenoudina

o
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P Ay Y A g £ o v ° o d
meqiﬂmualuwsvmw‘ﬂumwuwmﬂmaﬂaQﬂumwaalwﬁm"luimmuuaxmmﬂmﬂu‘ﬁm

U

duasunu (synergistic) M3 ld o lulasnulaeluiimsladlodweduioudroawanonis
o 4 a AA o [ J A = . . = =
dunnziinsaozil Tuildweawiuesdiszno Ao mInTetiy (methiomine) ag Handu
. A ~ A A A o + A X ~
(cysteine) TuvaizunaimonnazuuniiFonanauloons s luTasmumuuy (35199 4.10)
Aulakh and Malhi (2005) tiiodi e 185U Tu Taswulugduen Tudlenszlimsazaulooounan wu
= a A = 1 Yo Yo =
uaaBen uunilimon waz TwumaFeuunnans 1asulasuuTaseulugdlumsn ams
E4 v
nanesi 19 oTulasnulug luasn 15199 3.2) JedawaldmsazauunaGouazuuniiFeoy

4 2
anauise luTasnug ey

Yy 9 = A Ao o + =
AnuuTueLIIMid nouas waz TuaudivanasnmdanieTulasoun
A 2 . g A g a S
IWHAY Aulakh and Malhi (2005) 518910 Tu Tasinu taznewauilusigermsiitlulfindaenu
TuisunewiiaTaommzisnd Tusaugaiielnms 14 luTasnuludasigeludunananewas iy
1 ~ Y =\ 49! L% A
UTANDINITUINDE 1T UNTS Tuvmzimsgaldunsniidiuegnugdveslulasnu fo
J a [ I !
TulaswuluglluesnizduaSumsgadamemile Tunasanudwuen Tuitloud ugn
E4
TAVIIINIYAA NN @15 U A (Aulakh and Malhi, 2005) 40N 9101} Aulakh and Malhi (2005)

' I ' a A o
wunms e luTasnuilunannudwaldiagaa Tuaumivanas
4222 MIYARITINOINIT

=2 LY 9 (4 ' ' = ' [
migand luTasnuveuiudilzudilunaazaniianuuanaisny Tag
v o @ A~ < Y o Y
m3gaad luTasnuvesindnlzvasgangaluly sesasunilui md 510 vazdrdu+iuly

AWARY (A15197 4.12)

a A v + d‘ 1 [ U 1 =

answavesoaiielulaswuiuanasnudinasonsgans lulasoulu

Y @ =2 gz A = o
Ty md 17 510 vazmisgadslulasounavua (15199 4.12) msgadaslulasoululy 7
= ?x}/ =~ 1 aa 1 A v o W ~ 4
510 wagmsgaas luTasnunauaiinnuaeneadaedeiiisdidy Taogagalunsnuud

[P 1 aa o = o =1 1 aa [} A v o W 1Y =
N3 Taglufinnuanneadanuninwua N2 uaglinnuannndanaedaditodnynunin

4 = G 14 [
wud N1 msgaad luTaswulululundnwud N1 N2 uag N3 w1dv 0.52 1.07 uag 1.12
o w Y] o [
g/plant mud1ay mMygaasluTasouluir lundnwud N1 N2 ag N3 i 0.25 0.51 uay
o w 4 [
0.59 g/plant Mudwy n1sgaas luTasoulusinluninwud N1 N2 tag N3 v 0.13 0.19
o w gl.l o [

18z 0.22 g/plant AWA1RD M3gadad Tulasmunarua lumsnmud N1 N2 uag N3 510 1.35

o o d‘ = Y d‘ = 4
2.23 1ag 2.45 giplant awd1ay luvazhinmsganslulasnulumiigangaluninmud N3
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% (%

MR 0.46 g/plant LAZUANAINNADARENTITEAYAUNTNIIUA N2 tag N1 17D 0.38

o

18z 0.37 g/plant MUAIAU

a A (% +| = d' 1 (% 1 1 =
fJVI‘ﬁWﬁ‘U’t’NfJ@]ﬁT]JfJIWLmﬁL“]ffJiJ‘VILL@]ﬂ@]Nﬂu%ﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬁquiﬁimu

Tumd vazirveuiudienas (m3197 4.12) migedslulasnulumdhiinnuuanaianig

] v o

adaegnlivdnn Taogegaluninmud K3 My 0.43 g/plant 1azIANANNNEDADE1NT]

€

v

s UAUNINIIUA K2 1917 0.41 g/plant TaeRnsnuud K1'lifianuuanaeiumeada
N

e

~

UNINUUA K2 1ag K3 mﬁﬂﬂﬂq“luiﬁssﬂuiuwaaqﬁ@wmswme K3 tM10U 0.52 g/plant

HAZUANANNN T DABE 19N B W‘EUTITVIHJHGI K2 itag K1 tmnu 0.43 uag 0.39 g/plant Tuvae

9

9
U

ﬂﬂWiﬂﬂﬂQVluiﬁiﬁlu%QWNﬂgﬂ ﬂsl,ummuum K3 #1101 2.20 g/plant LA UANANNNADA

U

v o w [ o =

199 8ﬁ1ﬂﬂlﬂ‘]Jﬂ“]J1/]5‘l/]L3J‘HGl K1 AU 1.86 g/plant Tmmmmum K2 "lmwmmwn

o

(.38

3]
aa o ~ 4 A T W 1 a o V4 1 a a
AOanNUNITMUUA K1 4ag K3 UAUNINUY 1.96 g/plant lluwuﬂgauwumzmwamwmm
Y] +i = ~ 1 [ 1 = % 9 (2
@ﬁi1ﬂ8]’lu1¢]§ﬁ]u L!ﬁ$I‘WL!‘I/]ﬁ't“]fﬂll“l/lll@]ﬂﬁ'lﬁﬂ‘L!G]E]ﬂ15@@@01u1¢15muﬂ]’00%uﬁ1ﬂgﬂﬁﬁ

(13197 4.12)
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M1 4.12 msgana luTaswuveuindlzvds melddasileTulasou vas TnunaGeun

HANANNY
Nitrogen Uptake (g/plant)
Factor
Leave blade Stem+Petio OSC Tuber Root Total

Nitrogen (N)
N1 0.52b 0.08 0.37b 0.25b 0.13b 1.35b
N2 1.07a 0.07 0.38b 0.51a 0.20a 2.23a
N3 I.11a 0.08 0.46a 0.59a 0.22a 2.45a
Average 0.90 0.07 0.40 0.45 0.18 25.26
Potassium (K)
K1 0.79 0.07 0.41AB 0.39B 0.18 1.86B
K2 0.93 0.07 0.37B 0.43B 0.16 1.96AB
K3 0.97 0.08 0.43A 0.52A 0.19 2.20A
Average 0.90 0.07 0.40 0.45 0.18 25.26
F-test
N *% ns * *% *% *%
K ns ns *k * ns *
NxK ns ns ns ns ns ns
%CV 28.14 35.41 12.77 2443 22.46 15.11

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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= = Y 9 [ J 1 ) ' v
migaad luTwuneanBonveuindilznaslundazdiulinnuuanaeny
v o o { o Y < @
Tasmsgaas InunaiFenvewindzvasgaigaludidurmuly sesasuniuiy mi 510

tazlu Muaay (13197 4.13)

a

=) % +| ti' 1 % 1 1 =1 =
ansnavesonsielulasnuiuanannudinanonisgans Tnunadoy
9 = = g’/ d' =4 = 9
Tuly %7 nazmsgada InunaIFeunarua (113199 4.13) M3gad Inunaseululy %7 uag
= = 3/ ~ 1 Aaa 1 = o @ d' =1 J
M39AAI INUNAFEUNIHNATANULANA NN WA DAoENITsd Ay Tasgangalunsnmud

v o ~ 4

1 1 aa v J [ aa 1 [y o
N3 tag liiuana1anNeananunInmus N2 uaaananaed 9iied1aynun naua N1
= = =1 4 ] I}
mM3gaad Inuna@on TuluTunInwua N1 N2 uag N3 101 0.21 0.42 tag 0.47 g/plant
o @ [} 4 T W
amdey nsgaas InuneaiFeouTuidr lunSnmud N1 N2 uag N3 1m0 0.54 1.03 uaz 1.07
o w g‘/ J [ I
g/plant MWE1AD M39AA TNuNDTounrualunSnuua NI N2 1ag N3 151101 2.99 3.52

(182 3.68 g/plant MUAIAL

TuvuzioninavesdaniloTnunmBounuana i udIHanoN1TAARAT
Twunaidenlunnarvendululuvesuiudilevas (15199 4.13) msgads Tnunadeoylu
Y o ¥ @ 9 v A 1 @ aa ' A v o W ~ A
mMulu+drduvesiudilendilinnuuanannunieanfedaliiediagy laggengan

4 " W 1 an o 4 1w
NINNUA K3 1IN0 1.26 g/plant 1aZUANANNNADANUNINWUA K1 11171 0.76 g/plant 1ag
~ 4 1 1 aa o ~ J A =3 =
inwud K2 luganaaneadanunsnwud K1 saz K3 luvazinisgaasTnamadeulu
Y =2 = gi 1 aa [l A v o ~
1471 310 1azMIPAA INUNATENNIMUALANA NN A DA TTsd Ay Tasgagalunin
J < o w =2 = 9 = J
U K3 303090 1iu K2 uag K1 gwaiau magaad Inumaiden lumd lunsnmud K1 K2
1 o o w J
ez K3 1101 0.61 0.72 1ag 0.89 g/plant aud sy msgaad Inumaideonlusinluninud
Y
K1 K2 #az K3 111 0.21 0.42 148 0.58 g/plant AU 181 Mygaas Inunaideunariualu

(%

WINIWUA K1 K2 182 K3 1111 2.49 3.37ua¢ 4.32 g/plant M a9y msgaas Inunandouluy

@ a [

4 " W 1 Aa Pd
w’gqqqﬂuﬁmnuﬁ K3 m1nu 1.17 g/plant HASUANA NN INADANUNITNIWUA K2 1ag Kl
1w o w a o v 1 a a [
MINY 0.81 1tag 0.62 g/plant A1UA1AU Wﬂﬂgﬁuwuﬁigﬁ'JW\?’E’]VIﬁWﬁGU’E)\TE—JﬁTIﬂEIVlHIﬁi!fl]u
= 1 = =t o = =t % =
I,I,'GﬂgI“WL!ﬂﬁl“]fflll@]’f]ﬂ'li@@@\‘]IWLWI?(L%EJMGI,HW'J L!ﬁgﬂ'li@@@\‘liwllfﬂﬁl,“]fflll‘ﬂﬂﬂllﬂ (M1 19N

4.13)

= I ] ' a @ ..
TuTaswunaz InunaBewilusigeinis i dua3uniu (Synergistic)
uennnlinnudnyaenandandl d3dawalinszansnmn1sganas19e1113 (Nutrients use
. dds! = Yy . v a =2 1
efficiency: NUE) A1UBNA18 (Rietra ef al., 2017) Tulasnuduaiunisgaaisino1nis i
TnuneFon uazoanosd (Leghari er al., 2016) Rezaei et al. (2016) 318414 NANUATUYU

Y ]
vo9 luTasoululy du v uazsingaluiielinmsladle lulasiau Singh er al. (2016) Anbma
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vodluTasulududismunnsgadsluTasnumuduaudasiveslulasnungadu ¥

U

AOANRDINUNITNAADIVDY Petropoulos ef al. (2008) TU¥1ITI@NVIIANVITHTUVD

] Y H Y 4
Tulasnuludnadmuaiu awdaiile Tulasnuigau uenaniins 19 Tnunadoulu
] Y 1] ] 1
oastaaanaliil lulasnuluiiemod Wvazaoudussae InundiFou laaio lasy

TuTasnulusasiiiieans (Rietra ef al., 2017)

d‘ =® = [ o [ Y o +
131N 4.13 fﬂ3@@@\1IWL!“I/Iﬁ'W‘c’JiJ"’lJ?N?JHﬁ"I‘]J%“I’TaQ ﬂ181ﬁ@@131ﬂ81u1ﬁi@u ag

TnunaFeunuanaeny

Potassium Uptake (g/plant)

Factor

Leaf blade Stem+Petio OSC Tuber Root Total
Nitrogen (N)
N1 0.21b 1.13 0.71 0.54b 0.40 2.99b
N2 0.42a 0.91 0.72 1.03a 0.43 3.52a
N3 0.47a 0.97 0.78 1.07a 0.37 3.68a
Average 0.36 1.01 0.74 0.88 0.40 15.72
Potassium (K)
K1 0.30 0.76B 0.61C 0.62B 0.21C 2.49C
K2 0.37 1.01AB 0.72B 0.86B 0.42B 3.37B
K3 0.42 1.26A 0.89A 1.17A 0.58A 4.32A
Average 0.36 1.01 0.74 0.88 0.40 15.72
F-test
N ok ns ns ok ns *x
K ns *% *% *% *x *x
NxK ns ns ns * ns ok
%CV 47.65 35.45 15.74 33.33 29.18 13.29

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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423 anduilussznnainminuesnsgansigeIms

v o J 4 o
423.1 andunusszriemsgandlulasou migaaslwunaBon uaziinmin

aaveauudlzviag

9
Y

o [y [ [ J a 1 v o w an %’ 9]
umiinaavelulanduiusdauinesniisdnyneaaanuinminga

9

o [} g v ?zl.l [} Y] J a 1 v [} an
woaulu+drdn v uazthminaanavua nazlavduiuiiFauineduiiivdrdyneana
% = gl.: ] A v o @ aa = L Y] a ad Y] Y4
AutazmMigaad luTasnuniuaedeiiisdingnieada Tnelamdulss@nsandunus (-)

1w o w { ¥ @ Y Y
A 0.74%* 0.57*% 0.77** uag 0.84* Aua1aU (15199 4.14) Wminaaveaniulu+duil

9
[ Y4 Aaa v °

anduusiaunedulisdingnadaniminaanndiu wazmsgads lulasnuedia

v o

Tiodhameadn Taodan -1y 0.34% 0,514 0.59%* 0.87+* uaz 0.71%* amudey 1hmin
aaveunhilevduiuiFaanedniideddymeadasuimminganndiu sndniminaga
vouadafian » sy 0.36* uaz 0.39* amddy hniinaavessnilanduiuiFiuinets
Disdrgmeasatuiminaalui dininaaiame wazmaganalulasouadia -
WD 0.34% 0.62%* uaz 0.40% adey YmingavesilanduniusiFaanedivediiy

4
aa o °

9 [}
NNADANUUIHUNTANNVUA Lmzmig\ﬂﬁﬂuimmuﬁqﬁm rININY 0.85** g 0.67**

v B 1 v o
RV RIGHT! ﬁ?ﬁuﬂﬁﬂﬂﬁﬁﬂﬂﬁﬁﬁﬁuwu‘ﬁalslf\‘l‘]_l'Jﬂﬂfl']ﬂflﬂﬂﬁ']ﬂﬂ]uVI'Nﬁﬂﬁﬂ‘Uﬂ']ﬁﬂﬂaQ

Y T
"l,uimmumwmc?imm 7 iNNY 0.82%*

4' 1 o a £ %% o J J =3 =2
M3197 4.14 MANYs2ANTANTUNUS ) szmnms@mﬂuimmuuazmsmm

Y H
TwunaiFon wazsihmingaveuiudlznas meldsasiilelulasou uag TnunmFoun

HANAINUY
Fresh wt. Uptake
Parameter
Leaf
Stem+Petio OSC Root Tuber Total N K
blade

Fresh wt. Leaf blade 1.00

Stem+Petio 0.74**  1.00

OSC 0.13 0.34* 1.00
Root 0.25 0.51%%* 0.36* 1.00
Tuber 0.57**  0.59%* 0.21 0.34* 1.00
Total 0.77**  0.87** 0.39* 0.62**  0.85** 1.00
Uptake N 0.84**  0.71** 0.19 0.40%* 0.67**  0.82** 1.00
K 0.27 0.27 0.17 0.08 0.21 0.28 0.54** 1.00

*Significant at p < 0.05, **significant at p < 0.01 (n=36)
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ANUVUIMUDUTIN

oe M)

v
9 ] T W o o o Y o
NIUA Llﬁgﬂ’lﬁ@ﬂa\?]’luiﬁﬁmu A1 7 IN1NVY 0.43** 11ag 0.35* AuaIny u’lﬂuﬂln’miuﬂﬁﬁ
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THUNUVINYINTIUA mi@,ﬂﬁﬂuimmu Hagng
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andunuiiFannesuihisddynuadanunsaaa lulasou Ia1 - iy 0.74%
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HANAINU
Dry wt. Uptake
Parameter
Leaf
Stem+Petio OSC Root Tuber Total N K
blade

Dry wt. Leafblade 1.00

Stem+Petio 0.85** 1.00

0SC 0.11 0.26 1.00
Root 0.36* 0.55%%* 0.20 1.00
Tuber 0.69*%*  0.59** 0.08 0.19 1.00
Total 0.87**  0.86%* 0.28  0.44**  0.90** 1.00
Uptake N 0.59*%*  0.67** 0.04 0.35% 0.70**  0.74**  1.00
K 0.14 0.17 020 0.02 0.45% 0.30 0.55%* 1.00

*Significant at p < 0.05, **significant at p < 0.01 (n=36)
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N uptake K uptake
Parameter Leaf Stem+ Leaf Stem+
OSC Root Tuber  Total OSC Root Tuber  Total
blade Petio blade Petio
N uptake Leaf blade 1.00
Stem+Petio -0.22 1.00
OSC 0.21 0.31 1.00
Root 0.46**  0.17 0.527** 1.00
Tuber 0.67**  0.02 0.32 0.57** 1.00
Total 0.93**  -0.04 0.43 0.65**  0.86%* 1.00
Kuptake Leaf blade 0.86**  -0.21 0.13 0.32 0.47+*  0.74%* 1.00
Stem+Petio -0.17 0.84**  0.25 0.06 -0.05 -0.06 -0.08 1.00
OSC 0.27 0.12 0.35* 0.20 0.32 0.35 0.31 0.41* 1.00
Root -0.03 0.31 0.12 0.19 0.08 -0.05 0.04 0.62**  (.55%* 1.00
Tuber 0.51**  0.06 0.18 0.38* 0.87**  0.68%* 035 0.07 0.44**  0.29 1.00
Total 0.39**  043%* 031 0.35* 0.56%*  0.54*%%  041%*  0.65%F  0.74¥*  0.72%F  0.73%* 1.00

*Significant at p < 0.05, **significant at p < 0.01 (n=36)
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d‘ ! v o v Y + ° o A ! o
M3197 4.17 A1 SPAD vouiudlznaimeldsanilelulason uazmuzduiuanaaiu

SPAD
Factor

Upper leaves Lower leaves
Nitrogen (N)
N1 40.13 29.89b
N2 41.04 33.06a
N3 41.91 34.90a
Average 41.03 32.61
Sulfur (S)
S1 40.86 31.53
S2 40.75 33.32
S3 41.48 32.99
Average 41.03 32.61
F-test
N ns Hk
S ns ns
NxS ns ns
%CV 4.2 8.0

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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Fresh weight (g/plant)
Factor
Leaf blade Stem+Petio OSC Root Tuber Total

Nitrogen (N)
N1 99.84c 125.69¢ 161.32 134.04b 162.93c 659.93c
N2 160.34b 223.76b 172.70 191.98a 254.74b 999.74b
N3 216.87a 301.33a 179.31 226.64a 324.11a  1,274.03a
Average 159.02 216.93 171.11 184.22 247.26 977.90
Sulfur (S)
S1 159.41 218.36 174.03 202.52 258.21A 1,019.72
S2 165.37 211.13 171.04 176.41 202.51B 920.63
S3 152.27 221.29 168.26 173.73 281.06A 993.35
Average 159.02 216.93 171.11 184.22 247.26 977.90
F-test
N *% *% ns ok *ok *ok
S ns ns ns ns * ns
NxS ns ns ns ns ns ns
%CV 26.4 13.6 9.7 23 24.1 16.4

SE = standard error of mean, *significant at p < 0.05, **significant at p << 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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Dry weight (g/plant)
Factor
Leaf blade Stem+Petio OSC Root Tuber Total

Nitrogen (N)
N1 27.54c 52.77¢ 70.13 8.97c 69.58c 227.14c
N2 39.90b 75.61b 75.39 13.50b 101.91b 304.46b
N3 52.82a 96.54a 78.76 16.84a 129.52a 378.64a
Average 40.08 74.98 74.76 13.1 100.34 303.42
Sulfur (S)
S1 39.96 73.25 76.49 14.54 102.77AB 287.96
S2 42.69 75.03 75.25 12.39 83.96B 310.18
S3 37.60 76.65 72.54 12.38 114.28A 312.11
Average 40.08 74.98 74.76 13.1 100.34 303.42
F-test
N *% *% ns *% *% *%
S ns ns ns ns * ns
NxS ns ns ns ns ns ns
%CV 31 12.7 8.4 23.8 24.5 13.8

SE = standard error of mean, *significant at p < 0.05, **significant at » < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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M5197 4.20 ANUTUTUNIUAYEIT IR IMIHANLAZ 5 IR lulusounws A Ta

g A v o [ Yo +
1NN (Youngest Fully-Expanded Leaves: YFEL)Uoaiud 11z viaq ma“lmamwﬂﬂlluimmu

HAZMUZAUNUANAIINY

Total N Total P Total K Total S  Total Ca  Total Mg
Factor

(g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)
Critical level 5.1-5.8  0.38-0.50  1.42-1.88 0.30-0.36  0.50-0.72  0.24-0.29
Nitrogen (N)
N1 3.70b 0.42 1.67 0.32b 1.02a 0.49a
N2 3.87b 0.42 1.70 0.32b 0.83b 0.43b
N3 421a 0.42 1.73 0.35a 0.74b 0.43b
Average 3.92 0.42 1.70 0.33 0.86 0.45
Sulfur (S)
S1 3.84 0.4 1.66 0.32b 0.88 0.45
S2 3.93 0.44 1.79 0.33a 0.88 0.47
S3 3.98 0.41 1.66 0.33a 0.82 0.43
Average 3.92 0.42 1.70 0.33 0.86 0.45
F-test
N *% ns ns o o *
S ns ns ns * ns ns
NxS ns ns ns * ns ns
%CV 6.01 8.56 9.68 4.62 15.78 13.24

SE = standard error of mean, *significant at p <0.05, **significant at p <0.01, ns=not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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mg/kg MUAIAY ANUANT UV TN VAT UM NEUA N1 N2 uag N3 Tauniy 3.97 2.94 uaz

2.75 mg/kg MUAIAL
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a 9y 9 1 A a a 3 A
M3199 4.21 ANUANTUV090519 113 T lueunasady Taliumn (Youngest Fully-

Expanded Leaves: YFEL)voasiudlznas meldoasiile’lulasou vazmuzduiuanaieny

Total Fe  Total Mn Total Cu Total Zn Total B Total Mo
Factor

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Critical level 120-140 150-250 6-10 35-57 18-28 -
Nitrogen (N)
N1 56.24 394.09a 4.69a 40.95 43.27 3.97a
N2 43.99 321.67b 3.96b 40.65 41.99 2.94b
N3 62.68 267.06¢c 3.64b 43.84 38.30 2.75b
Average 55.00 327.60 4.10 41.82 40.97 3.22
Sulfur (S)
S1 53.62 316.99 4.01 42.73 40.96 3.73A
S2 50.90 350.80 4.03 41.17 41.22 3.18B
S3 60.47 315.02 4.24 41.55 40.74 2.75B
Average 55.00 327.60 4.10 41.82 40.97 3.22
F-test
N ns * ok ns ns ok
S ns ns ns ns ns ok
NxS ns ns ns ns ns ns
%CV 46.27 13.50 16.77 19.33 14.40 17.37

SE = standard error of mean, *significant at p <0.05, **significant at p <0.01, ns=not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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d‘ =2 C:) v Yo +| o o A
M319h 4.22 M3gada luTasnuveuiudilzvas meldsanileTuTasou vaziuzaun

HANAINY
Nitrogen Uptake (g/plant)
Factor
Leaf blade Stem+Petio OSC Tuber Root Total

Nitrogen (N)
N1 0.54b 0.07 0.40 0.25b 0.13b 1.76¢
N2 1.07a 0.08 0.44 0.54a 0.21a 2.74b
N3 1.16a 0.07 0.46 0.59a 0.24a 3.03a
Average 0.92 0.07 0.43 0.46 0.19 28.44
Sulfur (S)
S1 0.85 0.08 0.44 0.42 0.20 2.38
S2 0.95 0.09 0.43 0.44 0.18 2.6
S3 0.96 0.06 0.43 0.52 0.20 2.55
Average 0.92 0.07 0.43 0.46 0.19 28.44
F-test
N *% ns ns *% *x *%
S ns ns ns ns ns ns
NxS ns ns ns * ns ns
%CV 25.48 32.30 16.32 28.41 25.54 13.43

SE = standard error of mean, *significant at p < 0.05, **significant at p << 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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d‘ =2 o v v o [ PRy +| o o A
131N 4.23 ms@ﬂmmmau%mumﬂwm maimmﬂa"luimmu HAgNUSOUN

HANAINY
Sulfur Uptake (g/plant)
Factor
Leaf blade Stem+Petio OSC Tuber Root Total

Nitrogen (N)
N1 0.05b 0.07  0.07 0.04b 0.09b 0.32b
N2 0.10a 0.08  0.07 0.09a 0.13a 0.47a
N3 0.10a 0.07  0.07 0.09a 0.14a 0.49a
Average 0.08 0.07  0.07 0.08 0.12 5.40
Sulfur (S)
S1 0.07 0.08  0.07 0.07 0.10B 0.38C
S2 0.08 0.08  0.07 0.08 0.11B 0.42B
S3 0.09 0.06  0.07 0.09 0.15A 0.47A
Average 0.08 0.07  0.07 0.08 0.12 5.40
F-test
N *% ns ns *% *% *ok
S ns ns ns ns o o
NxS ns ns ns ns ns ns
%CV 28.55 32.31 1293 30.36 25.46 10.37

SE = standard error of mean, *significant at p < 0.05, **significant at p << 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different
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fudlzvas moldsaiielulasnu tagmugdunuanaian

Fresh wt. Uptake
Parameter Leaf
Stem+Petio OSC Root Tuber Total N S
blade

Fresh wt. Leaf blade 1.00

Stem+Petio  0.82** 1.00

0OSC 0.39* 0.46** 1.00
Root 0.63**  0.73%* 0.62*¥* 1.00
Tuber 0.69%*  0.68%* 0.27 0.53** 1.00
Total 0.89%*  0.91** 0.52** 0.80*%* 0.88** 1.00
Uptake N 0.49%*  0.76** 0.28 0.48** 0.64** 0.69** 1.00
S 0.43**  0.72%%* 0.26 0.47** 0.61*%* 0.65** 0.91** 1.00

*Significant at p < 0.05, **significant at p < 0.01 (n=36)
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Dry wt. Uptake
Parameter Leaf
Stem+Petio OSC Root Tuber Total N S
blade

Dry wt.  Leafblade 1.00

Stem+Petio  0.79** 1.00

0OSC 0.33* 0.40* 1.00
Root 0.63** 0.69%** 0.56**  1.00
Tuber 0.56%* 0.63** 0.27 0.53**  1.00
Total 0.82%%* 0.88%* 0.47*% 0.74**  0.89** 1.00
Uptake N 0.43%* 0.74%* 0.37**% 0.55%*  0.61** 0.71** 1.00
S 0.37* 0.67** 0.28 0.51**  0.58**  0.68**  0.89** 1.00

*Significant at p < 0.05, **significant at p < 0.01 (n=36)
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N uptake S uptake
Parameter
Leafblade Stem+Petio OSC Root Tuber Total Leafblade Stemt+Petio OSC Root Tuber Total
N Leafblade 1.00
uptake Stem+Petio ()73 1.00
0SC 0.31 0.32* 1.00
Root 0.47%* 0.16 0.08  1.00
Tuber 0.65%* -0.06 0.48** 0.41*  1.00
Total 0.93%* 0.40* 0.46%* 0.54*% 0.78** 1.00
S uptake Leaf blade  (.98** 0.23 0.35%  0.47*% 0.64** 0.90** 1.00
Stem+Petio ] 0.68** 0.40* -0.04 -0.12 0.13  0.06 1.00
0SC -0.01 0.08 0.59%* -0.39% 0.05  0.03  0.04 0.22 1.00
Root 0.40% -0.14 -0.06  0.76%% 0.42%  0.43%* (.39* -0.33* -0.32*%  1.00
Tuber 0.64%** -0.09 0.42%% 037%  0.97%% 0.75%* 0.64%* -0.13 0.07 0.38*  1.00
Total 0.83%* 0.17 0.36%  0.62%* 0.82%* (.90%* (.83%* 0.07 0.03 0.68** 0.81** 1.00

*Significant at p < 0.05, **significant at p < 0.01 (n=36)
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Tymandey uazmuzouluaunse

d’ ¥ o v o [ Y v + o J @
m3emanuInil 1 iminaavesiudilzndineldoanilelulasou tazwugueuiv

o o d‘ 1 %
1z raInuana1Nnu

Leaf Stem+Petio Storage root Above Ground Total
Factor
(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha)
Cultivar(C)
KUS0 275 14,012B 33,500 14,281 47,788
RY9 219 16,169A 35,812 16.388 52,206
Nitrogen(N)
0 219 11,194c¢ 28,675 11,413c 40,088b
4 256 12,760bc 32,356 13,030bc  45,388bc
8 256 14,500abc 34,656 14,756abc  49,413abc
16 219 17,950a 39,631 18,175a 57,806a
24 231 16,606ab 35,488 16,838ab  52,325ab
32 281 17,525a 37,138 17,806a  54,950ab
F-test
C ns ok ns ns ns
F ns *% ns *% *%
CxF ns ns ns ns ns
%CV (C) 25.6 12.9 23.1 13.4 13.4
%CV (F) 27.5 21 19 20.8 20.8
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d’ ¥ o Y v o v Yo + o ¢ @
m3emanuIni 2 hminudsveaiudilznaimeldonsileluTasou vazWuguouiu

Aleraanuanaiany

Leaf Stem+Petio Storage root Above Ground Total
Factor
(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha)
Cultivar(C)
KU50 100 4,006B 12,188B 4,113B 16,294B
RY9 81 4,725A 15,900A 4,806A 20,525A
Nitrogen(N)
0 88 3,294b 11,463 3,382b 14,845b
4 94 3,606b 13,325 3,700b  17,025ab
8 100 4,188ab 14,050 4,288ab  18,338ab
16 88 5,150a 16,231 5,238a 21,469a
24 88 4,894a 14,588 4,982a 19,570a
32 106 5,056a 14,613 5,162a 19,775a
F-test
C ns *% * *% *%
F ns ok ns *ok *
CxF ns ns ns ns ns
%CV (C) 18.4 11.4 23.4 11.9 18.8
%CV (F) 23 21.6 19.5 21.5 19.6
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MINMANUING 3 ﬂ?ﬂ:ﬂllﬂjurlﬁﬂ-ﬂ%?“ll@ﬂﬂu%53@Uﬂ]1ﬂ§ﬂ 0-30 cm Waﬂﬂgﬂlﬂ!

dlzndineldsnnile lulasou nagiuivesiudlendsiuanarai

Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 4.94 5.42 5.58 5.31
4 5.42 5.85 5.53 5.60
8 5.11 5.25 4.99 5.11

KUS0
16 4.94 5.72 4.96 5.20
24 0.04 5.49 4.48 3.34
32 4.87 5.32 5.30 5.16
0 5.10 5.26 5.45 5.27
4 4.94 5.03 5.58 5.18
8 5.31 5.30 5.49 5.36
R9

16 5.03 5.14 5.48 5.22
24 5.27 4.91 5.79 5.32
32 5.75 5.09 532 5.39

1
I [

H ' I J a @ @
ﬂ1§1\1ﬂ1ﬂﬂu’3ﬂﬁ 4 mmwmﬂuﬂm—mwmﬂuwsm‘ummﬁﬂ 30-60 cm ﬁﬁﬂﬂgﬂiﬂ!

dlzvdimeldsnnile lulasou nagiuivesiudlendsiuandiaiu

Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 4.70 5.09 5.42 5.07
4 5.14 5.36 4.84 5.11
8 5.12 5.06 4.61 4.93

KUS0
16 4.85 5.52 5.10 5.15
24 4.73 5.43 5.28 5.14
32 4.90 5.26 4.96 5.04
0 5.25 5.03 5.12 5.13
4 4.87 4.82 5.26 4.98
8 5.22 5.05 5.28 5.18
RY

16 4.98 4.95 5.15 5.03
24 5.70 4.75 5.62 5.36

32 5.31 5.03 5.26 5.20
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AFTNMANHINN 5 ﬂ1ﬂ15u1111/\|1/§h (uS/cm) YBIAUNTELAVAIINAN 0-30 cm wmﬂgmju

dlzndineldsnnile lulasou nagiuivesiudlendsiuanarai
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Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 17.85 14.25 17.60 16.57
4 16.95 13.25 17.20 15.80
8 16.40 14.45 14.10 14.98
KUS0
16 14.45 17.00 19.05 16.83
24 15.85 20.25 16.95 17.68
32 14.65 14.65 19.85 16.38
0 16.85 15.20 14.05 15.37
4 15.65 16.55 17.40 16.53
8 17.70 14.80 19.05 17.18
R9
16 13.60 17.15 17.20 15.98
24 18.25 20.35 19.20 19.27
32 17.35 17.00 14.00 16.12

d' ' ] a d’ [ = [ v
MINANMANUINN 6 mm’a‘m‘lﬂﬁn (uS/cm) YBIAUNTEAVAIINAN 30-60 cm wmﬂgﬂmu

dlzvdimeldsnnile lulasou nagiuivesiudlendsiuandiaiu

Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 13.50 13.65 15.95 14.37
4 16.60 12.90 15.60 15.03
8 14.70 13.25 16.70 14.88
KUS0
16 14.25 16.60 15.75 15.53
24 15.10 16.05 13.70 14.95
32 13.70 16.40 18.10 16.07
0 19.40 16.05 15.50 16.98
4 24.30 17.13 17.20 19.54
8 15.95 14.85 16.15 15.65
RY
16 12.60 18.40 15.30 15.43
24 14.65 17.85 17.80 16.77
32 13.45 15.60 15.85 14.97




Ad' a = v a A v =X [ % 9 [
ATTNMANUINN 7 DUNTYINT (%) VDIAUNTZAUNNNEAN 0-30 cm wmﬂgﬂuumﬂwm

v @ d v o o A 1 [
molasasilelulasnu nagwugueuiudnlendsiuanaenu

Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 1.17 1.72 0.83 1.24
4 1.54 1.30 1.42 1.42
8 1.35 1.42 1.01 1.26

KUS0
16 1.00 1.20 0.95 1.05
24 1.42 1.10 1.27 1.27
32 1.14 1.28 1.06 1.16
0 1.77 1.09 0.91 1.25
4 1.32 1.23 1.14 1.23
8 1.41 1.10 1.58 1.36
R9

16 1.51 1.46 1.49 1.48
24 1.67 1.59 1.10 1.45
32 1.59 1.09 1.01 1.23

MINMANUING 8 DUNTHIAY (%) VBIAUNTZAVANVEAN 30-60 cm HALgniud )z ndl

@ o v o o A 1 o
moelaoasiile lulasnu uaziiuiveuiudnlenasiuanaanu

Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 1.18 1.64 1.05 1.29
4 1.46 1.37 1.24 1.36
8 1.33 1.55 1.26 1.38

KUS0
16 0.89 1.34 0.95 1.06
24 1.24 1.15 1.29 1.23
32 1.16 1.23 1.24 1.21
0 1.88 1.23 0.95 1.35
4 0.79 1.37 1.10 1.09
8 0.60 1.15 1.43 1.06
RY

16 1.30 1.50 1.44 1.42
24 1.54 1.46 1.22 1.41

32 1.56 1.14 1.53 1.41
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a a A = Y a 4 o = o
MINIMANUINN 9 uﬂawaumamﬂaﬂu‘lﬂ (mg/kg) TuAunszauAuan 0-30 cm ‘Via\‘lﬂgﬂ

9

fudnlendimeldsaiile lulasu nayiuivesiudnlendsiuandraiy

Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 118.10 181.02 22297 174.03
4 253.24 174.41 237.37 221.67
8 167.41 178.84 79.98 142.08
KUS0
16 87.34 168.79 140.38 132.17
24 137.05 150.18 303.90 197.05
32 112.51 148.61 181.46 147.52
0 193.15 127.55 148.69 156.46
4 132.45 84.41 234.65 150.50
8 180.07 153.83 252.49 195.46
R9
16 149.46 136.38 212.01 165.95
24 181.76 132.80 226.94 180.50
32 233.81 163.00 98.13 164.98

= a A A v a a o = o
MINNMANUHINT 10 Llﬂm"]fﬂll‘lfllmﬂlﬂﬁﬂuhlﬂ (mg/kg) TuAunszAuANAN 30-60 cm 1iad

UgnifudilzndinioldsasileTulasnu vaziugvesuiudlznasiuandrany

Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 138.30 170.13 225.36 177.93
4 198.39 161.17 120.74 160.10
8 197.28 158.60 53.68 136.52
KUS0
16 130.33 181.19 123.65 145.06
24 178.28 172.14 97.09 149.17
32 126.99 152.38 349.26 209.54
0 285.60 95.07 157.68 179.45
4 155.01 75.27 218.27 149.52
8 192.21 128.78 174.70 165.23
RY
16 150.72 109.67 161.21 140.54
24 184.47 84.47 240.43 169.79
32 184.40 129.01 154.81 156.08
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MINIMANUINT 11 uuﬂmcﬁﬂwuamﬂaﬂu‘lﬂ (mg/kg) TuAuiszauA1Nan 0-30 cm 184

UgniiudilzndinioldsasileTulasnu vaziugvesiudulzuasiuandrany
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Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 15.12 18.96 29.31 21.13
4 21.14 16.76 20.49 19.46
8 21.74 21.38 10.21 17.77
KUS0
16 13.36 17.64 17.16 16.05
24 20.68 18.39 19.47 19.52
32 14.10 14.60 17.23 15.31
0 21.11 23.63 16.78 20.51
4 14.93 10.73 25.88 17.18
8 16.65 15.79 22.67 18.37
R9
16 16.86 14.61 24.45 18.64
24 20.62 24.38 21.58 22.19
32 18.19 14.66 13.75 15.53

d' S A A A 9 A A [ = @
A1TNANUING 12 LL?Jﬂ‘L!L"”IfEJ?JVILLﬁﬂHJﬁEJuLlﬂ (mg/kg) “luﬂummummaﬂ 30-60 cm 1oy

Ugniiudilzndinioldsasilelulasnu vaziuguesiudnlznasiuanaai

Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 13.92 16.03 24.25 18.07
4 18.00 14.32 17.02 16.44
8 17.69 15.94 8.52 14.05
KUS0
16 16.83 18.85 13.47 16.38
24 17.15 16.93 11.27 15.12
32 13.91 14.62 14.73 14.42
0 28.48 20.40 17.74 22.21
4 15.47 11.77 23.18 16.81
8 15.75 16.24 16.11 16.03
RY
16 15.85 13.13 18.92 15.97
24 16.67 13.48 23.82 17.99
32 15.95 15.90 15.21 15.68
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AT NMANHINN 13 Lﬁaﬂ'ﬂﬁﬂﬂllﬂ (mg/kg) Glmumz@ummm 0-30 cm wmﬂgﬂmu

dlzndineldsnnile lulasou nagiuivesiudlendsiuanarai

93

Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 32.53 34.55 9.72 25.60
4 34.16 23.87 15.97 24.67
8 36.89 32.57 12.39 27.28
KUS0
16 29.81 26.87 14.25 23.64
24 26.58 22.14 18.81 22.51
32 28.64 27.08 14.23 23.32
0 26.61 20.72 18.46 21.93
4 29.18 17.44 14.49 20.37
8 34.34 18.18 22.13 24.88
R9
16 33.48 22.44 24.26 26.73
24 34.29 16.36 14.57 21.74
32 28.44 18.66 16.56 21.22

d' 3 A [ 9 A A 1Y) = o Y]
A1INMANUINT 14 H’Tﬁﬂ'ﬂﬁﬂﬂllﬂ (mg/kg) Gluﬂu‘i/limummaﬂ 30-60 cm ﬁm‘ﬂgﬂmu

dlzvdimeldsnnile lulasou nagiuivesiudlendsiuandiaiu

Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 32.88 42.24 14.04 29.72
4 40.23 31.51 17.89 29.88
8 37.15 41.48 12.60 30.41
KUS0
16 31.44 29.69 15.15 25.42
24 25.28 22.94 19.37 22.53
32 38.17 28.60 16.69 27.82
0 28.87 23.62 14.60 22.36
4 35.43 16.28 18.11 23.27
8 41.14 19.59 30.21 30.31
RY
16 33.32 25.93 27.64 28.96
24 33.58 20.78 19.70 24.69
32 39.25 22.04 21.19 27.49
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A1NMANUINT 15 Llll\iﬂ?‘ll’é’f“lflﬁﬂﬂllﬂ (mg/kg) Tuaunszauanuan 0-30 cm ‘wmﬂgﬂnu

dlzndineldsnnile lulasou nagiuivesiudlendsiuanarai
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Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 13.52 15.24 18.60 15.78
4 14.87 16.21 9.72 13.60
8 17.57 16.98 4.32 12.96
KUS0
16 11.88 12.46 10.93 11.76
24 15.62 15.66 13.09 14.79
32 15.60 17.36 8.86 13.94
0 24.18 10.08 13.84 16.03
4 16.70 9.29 12.29 12.76
8 13.55 8.23 16.94 12.90
R9
16 16.59 10.67 13.71 13.66
24 18.66 11.95 16.84 15.82
32 15.65 9.77 13.22 12.88

d' A A @ 9 A A ] = [ o
AINMANHINT 16 LLNQﬂTHﬁV]ﬁﬂﬂllﬂ (mg/kg) TuaunszaunNan 30-60 cm waqﬂgﬂuu

dlzvdimeldsnnile lulasou nagiuivesiudlendsiuandiaiu

Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 14.62 18.71 17.48 16.94
4 18.78 19.98 10.28 16.35
8 24.98 22.41 3.46 16.95
KUS0
16 13.74 14.21 14.09 14.02
24 14.12 19.56 11.56 15.08
32 21.37 21.77 8.26 17.13
0 32.96 10.81 11.25 18.34
4 17.13 10.95 13.36 13.82
8 17.91 9.39 18.89 15.40
RY
16 18.15 13.30 12.27 14.57
24 20.90 12.76 19.45 17.70
32 18.29 9.70 14.96 14.32
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ANINMANUINT 17 'V]E)\Hl,ﬂ\?'ﬂaﬂﬂllﬂ (mg/kg) TuaunszauANan 0-30 cm ‘ﬂﬂ\iﬂgﬂllu

dlzndineldsnnile lulasou nagiuivesiudlendsiuanarai
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Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 0.2463 0.2912 0.3058 0.2811
4 0.3587 0.2749 0.2127 0.2821
8 0.3635 0.3075 0.1161 0.2624
KUS0
16 0.1879 0.2512 0.2033 0.2141
24 0.2869 0.2730 0.2484 0.2695
32 0.1967 0.3436 0.1425 0.2276
0 0.3598 0.1563 0.1866 0.2342
4 0.2372 0.1512 0.2251 0.2045
8 0.3008 0.1507 0.2806 0.2440
R9
16 0.3213 0.1893 0.2562 0.2556
24 0.3066 0.1520 0.2383 0.2323
32 0.2910 0.1637 0.1545 0.2030

d' A [ 9 A A [ =3 [ o
AINNMANHINT 18 ﬂ@ﬂllﬂﬂ'ﬂﬁﬂﬂllﬂ (mg/kg) TuaunszauANan 30-60 cm waqﬂgﬂuu

dlzvdimeldonnile lulasou nagiuivesiudendsiuanaaiu

Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 0.2815 0.3574 0.3346 0.3245
4 0.4881 0.3389 0.2114 0.3461
8 0.4019 0.3854 0.1171 0.3015
KUS0
16 0.2183 0.2846 0.1789 0.2273
24 0.2709 0.3190 0.2339 0.2746
32 0.2371 0.4443 0.1477 0.2763
0 0.8100 0.2120 0.1690 0.3970
4 0.2925 0.1596 0.2636 0.2386
8 0.3543 0.1751 0.2910 0.2735
RY
16 0.3373 0.2213 0.2719 0.2768
24 0.3481 0.2236 0.3374 0.3030
32 0.4204 0.1959 0.2403 0.2855
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AFNMANUINT 19 ’Cfxiﬂ%ﬁ‘lﬂﬁﬂﬂllﬂ (mg/kg) Tuauiszauaua
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= v
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o v [ o d v o v 1 [
dlzndinmoldoasileTulasnu taziusvesiudilenashuanaanu
Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 0.8168 10266 0.2334 0.6923
4 10313 11893 0.3479 0.8562
8 11271 10522 0.1518 0.7770
KUS0
16 0.5472 11037 0.3456 0.6655
24 0.6947 0.7992 0.4860 0.6600
32 0.5433 10358 0.3620 0.6470
0 0.9237 0.3779 0.4498 0.5838
4 0.7777 0.2677 0.3941 0.4798
8 0.8509 0.3671 10995 0.7725
RY
16 0.8428 0.5389 0.8191 0.7336
24 11488 0.5157 0.5480 0.7375
32 0.9395 0.4089 0.4238 0.5907
d' @ - A [ 9 A A [ = [ 9
M3MANING 20 Fanzdnana 1d (mg/kg) TuAuNszADANEN 30-60 cm HaIgnIfy

dlzvdimeldsnnile lulasou nagiuivesiudlendsiuandiaiu

Cultivar N rate Rep 1 Rep 2 Rep 3 Mean
0 0.8395 1.2153 0.2109 0.7552
4 1.3133 1.4629 0.3185 1.0316
8 1.1848 0.9279 0.1311 0.7479
KUS0
16 0.7355 1.1763 0.3818 0.7645
24 0.5343 1.0124 0.5379 0.6948
32 0.5485 1.2532 0.2942 0.6986
0 1.1259 0.3781 0.3689 0.6243
4 0.8100 0.2995 0.3712 0.4936
8 1.0596 0.4298 1.1826 0.8907
RY
16 0.8606 0.5638 0.6013 0.6752
24 1.1760 0.3789 0.5988 0.7179
32 1.2131 0.3588 0.5764 0.7161
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MINAaLIN 2 ANHINAVRIDUATNIENTzHNI IUTaTMUEaz I NUNTITaN ABNS

waAvlatazgalysiaemslusiuaizval

v S
MIMANLINT 21 ANUTNTUNINUAVOITINDIMITHEN 1AL EIND 15509 Tunru Y

Y
[

C:) v Y +| = A 1 o
nanuavesiudlzndineldonsilelulasmunes InunaFeuiuanaienu

Total N Total P Total K Total S  Total Ca Total Mg
Factor

(g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)
Nitrogen (N)
N1 2.52b 0.26a 0.98 0.22b 2.10 0.69
N2 2.70a 0.21b 1.06 0.25a 2.03 0.68
N3 2.78a 0.18b 1.11 0.26a 2.13 0.70
Potassium (K)
K1 2.61 0.22 0.97 0.25 2.14 0.69
K2 2.70 0.22 1.06 0.25 2.04 0.68
K3 2.70 0.23 1.13 0.24 2.05 0.71
F-test
N ok ok ns * ns ns
K ns ns ns ns ns ns
NxK ns ns ns ns ns ns
%CV 7.15 14.39 24.75 13.68 14.83 8.61

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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MIMANLINT 22 AN NTUTINAYeIasIne s luukulunanuavesiudile v

molasasilelulasnuuas Inunadouiuanaianu

Total Fe Total Mn Total Cu Total Zn Total B Total Mo
Factor

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Nitrogen
™)
N1 101.44b 358.79 3.62 64.95a 122.96 4.93a
N2 120.92b 318.50 3.31 54.53ab 121.41 3.59
N3 173.93a 315.39 3.23 45.74b 118.91 3.48b
Potassium (K)
K1 93.65B 322.30 3.39 49.89 123.13 3.83
K2 155.94A 350.58 3.36 54.88 120.60 3.86
K3 152.13A 319.80 3.41 60.46 119.56 431
F-test
N * ns ns * ns *
K * ns ns ns ns ns
NxK ns ns ns * * ns
%CV 35.9 33.51 16.95 30.45 15.89 23.69

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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MIMANUINA 23 ANUTNTUVDITINOIMITHAD HazFI9e1rIssed Tumulu+duveasiu

dulzndinmoldoniilelulasnumes TnunaGouiuandanu

Total N Total P Total K Total S Total Ca Total Mg
Factor

(g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g) (g/100g)
Nitrogen (N)
N1 0.11 0.35a 1.64a 0.11 1.21 0.32
N2 0.10 0.22b 1.41ab 0.11 1.13 0.31
N3 0.10 0.15¢ 1.35b 0.11 1.00 0.34
Potassium (K)
K1 0.11 0.23 1.08B 0.11 1.11 0.38A
K2 0.10 0.25 1.59A 0.11 1.18 0.30B
K3 0.11 0.24 1.74A 0.11 1.05 0.29B
F-test
N ns ok * ns ns ns
K ns ns *k ns ns *ok
NxK ns ns ns ns ns ns
%CV 22.23 18.49 19.53 22.24 12.87 12.67

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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MIMANLINT 24 AN NTUNIMUAYEI9a 519113 Tumulu+duvesiudilznaa

molasasilelulasnuuas Inunadouiuanaianu

Total Fe  TotalMn  Total Cu Total Zn  Total B Total Mo
Factor

(mg/kg) (mg/kg)  (mg/kg)  (mg/kg) (mgke) (mg/kg)
Nitrogen (N)
N1 144.98 326.42a 2.89a 25.64 17.50 3.85a
N2 184.04 212.28ab 2.58b 24.26 15.81 2.93ab
N3 133.57 186.86b 2.58b 23.54 14.84 2.49b
Potassium (K)
K1 181.72 220.15 2.74 23.43 17.04 2.95
K2 141.88 219.80 2.55 21.87 15.69 3.04
K3 146.34 195.60 2.75 28.14 15.41 3.28
F-test
N ns * * ns ns *
K ns ns ns ns ns ns
NxK ns ns ns ns ns ns
%CV 36.80 15.89 11.19 33.81 29.83 37.91

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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MSMANUINN 25 ANUTUTUNIMUAVDIFINDIMITHAN 1Az 5190 Tumdveuiy

dulzndinmoldoniilelulasnumes TnunaGouiuandanu

Total N Total P Total K Total S  Total Ca Total Mg
Factor
(g/100g) (g/100g) (g/100g) (g/100g) (g/100g) (g/100g)

Nitrogen (N)

N1 0.51c 0.13a 0.98 0.09 0.65 0.18
N2 0.55b 0.13a 1.05 0.10 0.69 0.18
N3 0.61a 0.11b 1.05 0.10 0.70 0.19

Potassium (K)

K1 0.55 0.12 0.83B 0.09 0.76 0.21A
K2 0.55 0.13 1.08A 0.10 0.65 0.18B
K3 0.56 0.12 1.17A 0.10 0.64 0.17B
F-test

N ok ok ns ns ns ns
K ns ns hok ns ns *
NxK ns ns ns ns ns *
%CV 7.69 14.24 13.41 13.63 21.1 19.38

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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foTuTasnuuaz TnumaiFeniuanaianu

Total Fe TotalMn  Total Cu  Total Zn Total B Total Mo
Factor

(mg/kg)  (mg/kg)  (mgkg)  (mgkg)  (mgkg)  (mg/kg)
Nitrogen (N)
N1 41.24b 57.35 2.142 15.87 9.23 3.17
N2 66.80b 65.92 2.2158 15.28 8.79 3.08
N3 103.07a 74.59 2.136 15.11 9.30 3.61
Potassium (K)
K1 100.30A 79.14 2.1147 15.08 8.88 3.140
K2 62.29B 61.58 2.0741 15.24 9.03 3.29
K3 52.29B 57.14 2.3058 15.94 9.40 3.44
F-test
N ok ns ns ns ns ns
K *k ns ns ns ns ns
NxK *k ns ns ns ns ns
%CV 37.81 34.96 12.12 18.24 13.31 22.94

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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dulzndinmoldoniilelulasnumes TnunaGouiuandanu

Total N Total P Total K Total S  Total Ca Total Mg
Factor
(g/100g) (g/100g) (g/100g) (g/100g) (g/100g) (g/100g)

Nitrogen (N)

N1 1.31 1.03a 3.95a 0.79 0.98 0.81c
N2 1.37 0.29b 3.01b 0.85 0.84 1.05b
N3 1.42 0.16¢ 2.49b 0.86 0.81 1.18c

Potassium (K)

K1 1.35 0.51 1.81C 0.85 0.89 1.42A
K2 1.33 0.50 3.48B 0.81 0.87 0.90B
K3 1.42 0.47 4.16A 0.83 0.87 0.73C
F-test

N ns woH ok ns ns *x
K ns ns ok ns ns kX
NxK ns ns ns ns ns kX
%CV 11.48 19.88 21.82 13.63 19.69 10.92

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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M51MANUINT 28 ANWTUTUNMUAYE9905190 1115 IuTINvBUiud1zrdIne AR

foTuTasnuuaz TnumaiFeniuanaianu

Total Fe TotalMn  Total Cu  Total Zn Total B Total Mo
Factor

(mg/kg)  (mg/kg)  (mgkg)  (mgkg)  (mgkg)  (mgke)
Nitrogen (N)
N1 280.08 1408.60 11.01 194.12a 16.48 23.88
N2 354.61 1467.00 8.98 126.64b 16.79 23.59
N3 336.63 1523.50 8.65 135.46b 17.85 22.02
Potassium (K)
K1 279.86B 1516.50 9.99 138.73 16.98 18.90B
K2 303.51B 1446.90 8.55 151.33 17.15  23.63AB
K3 403.00A 1435.80 10.10 166.19 16.98 26.97A
F-test
N ns ns ns Hk ns ns
K * ns ns ns ns *
NxK * ns ns ns ns ns
%CV 26.79 18.13 41.52 35.11 12.17 30.97

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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MSMANUINT 29 ANUTUTUVDITIADMITHAN LA 51RO IMTTo T Ivesiud )y nds

molasasilelulasnuuas Inunadouiuanaianu

Total N Total P Total K Total S  Total Ca Total Mg

(g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)

Factor

Nitrogen (N)

N1 0.47b 0.15a 1.03 0.08 0.37a 0.07b
N2 0.50ab 0.13b 0.97 0.08 0.25b 0.07b
N3 0.52a 0.11c 0.93 0.08 0.25b 0.08a

Potassium (K)

K1 0.47B 0.12B 0.76C 0.08 0.27 0.08A
K2 0.50AB 0.14AB 1.01B 0.08 0.30 0.06B
K3 0.52A 0.14A 1.15A 0.08 0.31 0.07AB
F-test

N * *% ns ns * *x
K * *% *% ns ns o
NxK ns ns ns ns ns kX
%CV 11.99 9.67 13.52 15.9 42.62 13.89

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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M3MANUINT 30 ANWTUTUNMUAY09905190 15 IuTvesiudnlzndinieldons

foTuTasnuuaz TnumaiFeniuanaianu

Total Fe TotalMn  Total Cu  Total Zn Total B Total Mo
Factor

(mg/kg)  (mg/kg)  (mgkg)  (mgkg)  (mgkg  (mgke)
Nitrogen (N)
N1 68.70 41.94a 1.87a 13.56 6.28 5.49
N2 64.03 33.69b 1.46b 12.75 6.13 1.47
N3 79.81 34.13b 1.38b 12.35 6.09 1.36
Potassium (K)
K1 64.67 35.04 1.53 11.47B 5.59B 1.58
K2 65.29 37.35 1.52 13.13AB 6.88A 4.83
K3 79.94 37.37 1.66 14.05A 6.02AB 1.91
F-test
N ns ok Hk ns ns ns
K ns ns ns *k *ok ns
NxK * ns ns ns ns ns
%CV 30.85 16.7 18.35 16.53 18.36 228.98

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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MSMANUINT 31 ANUTUTUNIHUAVDIFINOIITHAN 1Az 5190115509 Tumu Ty

Y
[

C:) [ Y +| o o A 1 o
nanuavesiudlzndineldonsilelulasnunaguzduiuanaianu

Total N Total P Total K Total S Total Ca  Total Mg
Factor

(g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)

Nitrogen (N)

N1 2.59¢ 0.25a 1.11 0.23b 2.10 0.69
N2 2.75b 0.19b 1.07 0.24b 2.13 0.70
N3 291c 0.18b 1.21 0.26a 1.93 0.68
Sulfur(S)

S1 2.77 0.21 1.11 0.24 2.05 0.68
S2 2.75 0.22 1.15 0.24 2.12 0.72
S3 2.72 0.21 1.13 0.25 1.97 0.67
F-test

N ok hok ns ok ns ns
S ns ns ns ns ns ns
NxS ns ns ns ns ns ns
%CV 6.1 10.85 18.3 6.02 13.52 11.32

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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M5MANUINT 32 ANUTUTUNMUAY09905190 115 luuru lunaruaveiud )z rds

Yo + 3 o A 1 o
moldoasilelulasnuuazdmgduiuanaenu

Total Fe Total Mn Total Cu Total Zn Total B Total Mo

Factor
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Nitrogen
™)
N1 132.55 283.73 3.97 79.76 116.81 4.63
N2 97.16 302.08 3.74 73.19 121.42 3.99
N3 135.93 210.79 3.54 65.68 129.88 3.81
Sulfur(S)
S1 119.88 256.38 3.65 70.32 122.31 5.40A
S2 125.80 288.81 3.72 69.52 121.08 3.89B
S3 123.83 251.41 3.87 78.79 124.72 3.15B
F-test
N ns ns ns ns ns ns
S ns ns ns ns ns ok
NxS ns ns ns ns ns ns
%CV 24.39 36.73 14.36 27.93 12.02 29.52

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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C ) v Yo + o o A ' [
youindnlzvaineldoaiiielulasnuuazdugduiuanaenu

Total N Total P Total K Total S Total Ca  Total Mg
Factor

(g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)

Nitrogen (N)

N1 0.09 0.33a 1.49a 0.09 1.28 0.35
N2 0.09 0.20b 1.44a 0.09 1.23 0.32
N3 0.10 0.14c 1.25b 0.10 1.08 0.34
Sulfur(S)

S1 0.09 0.22 1.40 0.09 1.15 0.33
S2 0.10 0.23 1.43 0.09 1.22 0.35
S3 0.10 0.22 1.35 0.10 1.22 0.33
F-test

N ns hok * ns ns ns
S ns ns ns ns ns ns
NxS ns ns ns ns ns ns
%CV 22.45 19.65 15.38 22.45 23.51 11.13

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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Yo + 3 o A 1 o
moldoasilelulasnuuazdmgduiuanaenu

Total Fe Total Mn  Total Cu Total Zn Total B Total Mo
Factor

(mg/kg)  (mg/kg)  (mgkg)  (mgkg)  (mgkg)  (mgkg)
Nitrogen (N)
N1 326.40 244.76 3.38 26.76 14.66 4.81
N2 206.81 222.63 3.41 24.27 13.68 4.25
N3 248.44 194.02 3.25 25.82 12.46 5.09
Sulfur(S)
S1 234.55 201.30 3.28 26.58 13.34 4.87
S2 294.94 234.21 3.41 23.59 13.94 431
S3 232.39 225.90 3.35 26.68 13.51 4.97
F-test
N ns ns ns ns ns ns
S ns ns ns ns ns ns
NxS ns ns ns ns ns ns
%CV 43.49 23.85 22.75 28.94 28.39 73.64

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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MSMANUINN 35 ANUTUTUNIUAVDIFI9DMITHAN 1Az 5190 I veuiy

drlzndinmoldoasileTulasnunefugduiuanaiany

Total N Total P Total K Total S Total Ca  Total Mg
Factor

(g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)

Nitrogen (N)

N1 0.52b 0.12a 0.95 0.10 0.67 0.19
N2 0.59a 0.11a 0.93 0.10 0.62 0.18
N3 0.62a 0.10b 0.88 0.09 0.63 0.20
Sulfur(S)

S1 0.58 0.10 0.91 0.09 0.63 0.19
S2 0.56 0.11 0.91 0.09 0.65 0.19
S3 0.59 0.11 0.95 0.10 0.65 0.19
F-test

N ok * ns ns ns ns
S ns ns ns ns ns ns
NxS ns ns ns * ns ns
%CV 10.42 15.59 11.91 8.54 16.81 13.17

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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foTuTasnuuazfugduiuanaanu

Total Fe  Total Mn Total Cu Total Zn Total B  Total Mo
Factor

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Nitrogen (N)

N1 48.85 65.76 2.69 16.05 9.36 2.65
N2 78.91 59.01 2.63 15.34 8.99 2.87
N3 47.69 60.75 2.65 16.46 9.37 2.35
Sulfur(S)

S1 45.92B 64.23 2.69 16.14 8.91 2.82
S2 83.56A 62.54 2.50 15.22 9.42 2.65
S3 46.02B 58.74 2.78 16.50 9.39 2.41
F-test

N ns ns ns ns ns ns
S * ns ns ns ns ns
NxS * ns ns ns ns ns
%CV 51.92 29.28 14.52 16.3 10.71 23.07

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05



113

i 9
MINMANUINN 37 mmmﬁ’u%}umwmmm‘ﬁmmmswaﬂ Lm$ﬁ1ﬂ@1ﬁ155901u51ﬂ6\16\1‘ﬂu

drlzndinmoldoasileTulasnunefugduiuanaiany

Total N Total P Total K Total S Total Ca  Total Mg
Factor

(g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)

Nitrogen (N)

N1 1.35b 0.96a 3.75a 0.87 0.86 0.79¢c
N2 1.47a 0.31b 3.63a 0.92 0.79 0.91b
N3 1.49a 0.17b 2.56b 0.93 0.76 1.13a
Sulfur(S)

S1 1.43 0.54 3.33 0.75C 0.81 0.97
S2 1.43 0.47 3.19 0.90B 0.88 0.97
S3 1.44 0.43 3.40 1.08A 0.72 0.89
F-test

N *% *% *% ns ns *%
S ns ns ns ok ns ns
NxS ns ns ns ns ns ns
%CV 6.71 57.24 19.52 11.33 19.19 13.41

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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M3 1MANUINT 38 ANUTUTUNMUAYE9905190 1115 IuTINveuiud1zrdineldns

foTuTasnuuazfugduiuanaanu

Total Fe TotalMn  Total Cu  Total Zn Total B Total Mo
Factor

(mg/kg)  (mgkg)  (mgkg)  (mgkg)  (mgkg)  (mgkeg)
Nitrogen (N)
N1 72.27  1113.70b 9.06 265.66a 17.10 30.51
N2 89.76  1370.60a 1042  219.34ab 16.06 27.92
N3 90.91 1455.00a 8.22 169.90b 16.43 26.53
Sulfur(S)
S1 74.20 1201.70 8.47 227.11 16.35 26.99
S2 95.21 1348.40 10.14 233.75 17.03 30.06
S3 84.66 1388.20 9.08 194.05 16.76 2791
F-test
N ns *k ns *k ns ns
S ns ns ns ns ns ns
NxS * ns ns ns ns ns
%CV 28.85 18.90 29.82 27.1 13.38 23.69

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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drlzndinmoldoasileTulasnunefugduiuanaiany

Total N Total P Total K Total S Total Ca  Total Mg
Factor

(g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)  (g/100g)

Nitrogen (N)

N1 0.46b 0.15a 1.34a 0.07 0.31 0.07b
N2 0.51ab 0.13b 1.34a 0.08 0.33 0.08a
N3 0.53a 0.12¢ 1.16b 0.08 0.31 0.08a
Sulfur(S)

S1 0.48 0.13 1.31 0.07 0.37 0.08
S2 0.52 0.14 1.27 0.09 0.31 0.08
S3 0.50 0.13 1.26 0.08 0.28 0.07
F-test

N * *% *% ns ns *%
S ns ns ns ns ns ns
NxS ns ns ns ns ns ns
%CV 13.48 11.25 14.14 17.41 40.3 12.29

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values
followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

atp <0.05
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MIMANUINT 40 ANWTUTUNUAY09905190 15 IuTvesiudnlzndinieldons

foTuTasnuuazfugduiuanaanu

Total Fe  Total Mn Total Cu Total Zn Total B Total Mo
Factor

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Nitrogen (N)
N1 39.52 36.34a 1.77a 14.68 6.52 1.85
N2 43.21 35.05ab 1.49ab 13.57 6.22 1.73
N3 42.01 33.55b 1.21b 13.95 6.04 1.34
Sulfur(S)
S1 34.7 35.13 1.42 13.13B 6.01 1.97
S2 41.12 38.79 1.51 14.04AB 5.82 1.64
S3 48.92 34.01 1.54 15.06A 6.96 1.32
F-test
N ns * ok ns ns ns
S ns ns ns * ns ns
NxS ns ns ns ns ns ns
%CV 38.81 15.51 23.37 12.22 19.25 40.33

SE = standard error of mean, *significant at p < 0.05, **significant at p < 0.01, ns= not significant, values

followed by the same uppercase and lowercase letter in the column of each factor are not significantly different

at p <0.05
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