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Optimal uptakes of nitrogen, sulfur and N:S for plantation of
high yielding sugarcane
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ABSTRACT: Optimal uptakes of nitrogen (N) and sulfur (S) required for producing high yield sugarcane was
pertained in this research. Sugarcane roots, stalks, and leaves of 2 cane varieties LK92-11 and K84-200, were collected
continually from planting (0) to harvesting (360 days after planting or DAPS). Samples were collected from plantation
fields, located in Nakhon Ratchasima and Burirum provinces, expecting to have yields of 5, 10, 15, 20, and 25 ton/
rai. Each sample was measured for its total biomass, dry mass, concentrations of N and S. Michaelis-Menten kinetics
described relationships between uptake of either N or S as functions of DAPS quite well. Non-linear response of yield
versus either N or S uptake was found for both cane varieties. Their derivatives indicated that at high yield level, the
margin of yield per a unit of either N or S input is greater than that of the low yield level. The dimensionless analysis
showed that the S-shape described relationships between either N or S uptake as functions of DAPS quite well. Their
derivatives indication of the N uptake began as soon as the start of planting and was ceased at 180 DAPS. While N
uptake for stalk biomass was ceased at 252 DAPS. During 180 DAPS to harvest, sugarcane stalks uptaked N mainly
for continuing their activity. The S uptake for the whole cane biomass was ceased at 240 DAPS while for stalks was
ceased at harvest. This strongly indicated that S is a necessarily nutrient in accordance with N to be used for sucrose
formation and sucrose transportation.

Keywords: nitrogen, sulfur, high yielding sugarcane

! mmﬁmﬂﬁﬁﬁwm ADUZINERNT NLANLAY NUNINLIRLLNERTAIART INLUARNTLNILAL A.uATtlgu 73140

Department of Soil Science, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom 73140, Thailand
* Corresponding author: agrkms@ku.ac.th



52
unun

ANMNABINITEINAIWITIDIDAY

NNTHAR NITLITAA NITAIRANUIRIALD
UszwmalneluwsasiliiBuiomnnndn 6 Auswil
Anfluyad1ngn 90,000 Aruum/Al waziualtin
ANNNABINITANRANUNAIALAZANNARINITLILNA
AalullssmAinauesNefaiiod N1IUILUINIg
lunaiunanansesauduzesdnAydmiunis
WAWIGARIMNITNEBLUATIIATA LUINNNITHAN
HANRRBNATINLAlAENNIIENNWALgNEaY WTB LN
. o X 4 4 X4
fnINanAAfaNu TuEAInIsIEERuLgndas
4 I
wainnananiluzednndadineguin daiunis
- a o X dewns a4 .
WinKanansanunlildnanangeangn Tnein
wANN1INIEINIIFuse laidnaziu Ananan
98971 Nsdannstadunisuanieandaaninues
ANTWLIAGEN ARBAALNIIAANTENERM TN

= 1 =2 ¢§I o

wndaufnaaiugeandu

U = v £

foeduNTATENann 1NANNABINIIE1A)

A a A o T o A A
2199 ALIRAUATLTINAN T LAt AT LNTR
srR@nmantiulann asemanan (lulnsiau
Woanaia Inunaden) 51691119989 (WARLTN
usniidan damas) uazqaasinamng (uueniila
Naaknd §anyd@ Tusen TWALATN AaETY AN
iliNa) (Baker and Pilbeam, 2006) #41515A1TLaY
aandau warlalnseu daglsaniinazannis
8192 UNIUAN LUAUNNIIALARY LARINITOLAY
Fnsaansldiamiuazniselddniuaduvisela
o . Aa + PR

s1gessesiniiudeunannilegluleind vive
1aannnsldlalalus (Tisdale et. al., 1999) a4
o a = 6 dl o a :// k2 H =
Fanauvatineilfuilyanu souvislaantedianin
Y Y ,
MINATILAZN1988N (Malusa and Vassilev,
2014) dauqasinerinslunuialy deaenaldiu
R N -
WiNANANTanauaem ldinediudeamn Tuunmu
AdRnsnERsLUUNTAE T UNAUIY LaZLAL
a a | T =
nganananeanatnuilasetsaiiles nawdlu
NITUIUNIINARATHNTINANTARBUNTTUAY

WAUNEAT 46 (1) 1 51-62 (2561).

finu 8149 LA L ARLEIERIN9989 1TRYAEE)
avnslupuildigndes s
nsdanisnandesliianzanialTunn
HANAR LL@:@mmwmmm@mamﬁﬁﬁuﬁﬁLﬂurﬁ@\i
i laglasAuargUniusiusine nisedee
fqﬂmﬁ%ﬁﬁu@mqmﬂﬁuﬁuqﬂ?ium@qé’@ﬂ (Nyn
LAYATUY, 2550) N19AANIFBIRBLANDN M LAN
Bouriugi Lm:rmnirﬁ”mqmimamﬁuﬁwﬁﬂ tuiaa
Fasnssnparmnamiilaiesnsysunananlfidu
ldmuAnuFenis wazaaandaenisasyAuin
ﬁumﬁfaﬁﬁuﬁfﬁuj azfedliinnnensiidendiasnis
duunawinle muaqﬂmmz%u@gﬁuﬁmmm@
ansgUfiulss TenFidegudalufuduman s
HeanTRnuRasevsedudemudullslunises
819271917 LAY dananiiazneuldainnisimn
TAaszinnAnantAniesinuanaenms 1adl Las
AandRiAuates nadanisdiusinessfeni
FhinnameuAnnny 4 deildun 1) Hanspmsazls
e deaiuFn L 2) %ﬁ@\uﬁwﬁum@
ansiimmaiduEnnwinla uazilels 3) 31
vessrmawnsfnzanugule uaz 4) agldang
gLl datngls (Haun, 2015) a9
gl adeeiinandngenazamnmanugieans
stlaaslulnsiau (N) ﬁé’ﬂﬁmmm@mﬁlﬁﬁ@
lumsnleaau (vos) wenludflanlenau (WH;) Laz
Tutanaresylss assgiusnazazaaeg lu
ansazaeau aauglaaringldainnisliisnnening
nludluvan (engms, 2558) duiugtaesdamas
(s) ?ifa”ﬂﬂmmm@mﬁuvlﬁﬁ@ dawlnleaau (505
whatameslneanlds (50,) wazuialalasiauda
s (B,5) gUusndesaunsngalalaanseann
anTazane A dousesglvasdesa nisnnanigly
visalududaiuniasananlaemas (Tisdale et. al.,
1999) Tmm%iﬂﬁmﬁﬂqﬂluﬁuﬁﬁeﬁaLW@§ ae)
wardnegfudusgaurzanie dnuansaIng
aadames (Kaler et. al., 2017) daufuiiifian
unsmnlaireea1nse S (Hamid and Dagash,



KHON KAEN AGR. J. 46 (1) : 51-62 (2018).

2014) Tunsivas aranutlymldmnawianain
Tansuninnidamesias wralnisudedudiu
. 4 A
n3galdlessuauiusinaiisdus RN
wnluansazanssiu lassuauwani tawn lu
AFuaLUR (HCo3) Tumem (NO3) Anadu (CI-)
sy dasanandansannisang S teanandnan
N:S TuAUNTAIE9 Jeevika et. al. (2016) Wudn oz
5 N:S Tlutszanns 15:1 azinlvdesnanany
gendndesndl N:S Twluludadoudur Audeen
N:S gawinlafiazyinliauiuiiaanuidssianisae
¥,z o e 4 e

S wnauinie nsldilelulnaauludnangsiu
2 =KX v o ' al' 3 v 5% a
fatasfesszdnszianavinlidaaiianisunnsng
s sauialdile N ludnsngs asdadldily S saun
pneiasladnazll S NENNAFABNNTATNHANAR
103808UATINE AN NaDIRa LRI ULREY
(Haneklaus, 2006)

unAERsstaztinauedagumAingaiunng
Aaldanlulpsiaunazdairas aasdasnlinanan
TuszAusne] saus 10 D 25 F/ls wazmsaasy
pRamnInlunsgald N uay S sasdeaiias¥e
& Y | a 2 @ A Iy
WudanaaseusiEulgnaudaiunes deaumaay
wan lUAN T LLR1a89N19901E N AT S 789
v A el . y . .
sagduieriduaeaa naslyn TwLLURNaedsa
NaNANNNIMLUARIADNNNANNaz N I 1EdAn1g
5199719119 N waz S dududesls uuuanaesaziviu
Tugdaasnisgaldsnnaimsialudneuziaa
WUL Michaelis-Menten Kinetics S9l#AafLNN390
1481591115 1udin98"A (Gardiner and Christensen,
1977) 419lwa (Mullins and Edwards, 1989) @
(van Rees, 1995) N (Yao et. al., 2011) waz
11 (McNickle and Brown, 2014)

A8N1sANE
s 1 v
ARENID s

doanre o - ede o
ialilaFnasinedaslun1saAIN NN ANGR
w5, 10, 15, 20, wra 25 Fw/ls Tadauniu

53

UsedRn1suaREataNNINEAINIIALATI ARLABN
utlavilgndasannuiasiinemsnapenandaandn
IANANANAIEBAARBITUHANANNAINUA LT LA
dr9siu nasaninemsnsBuilgndasIifiusineting
Y Ao oA o 2 | a =
dagainuiasgniidniaenldsaus Guilgnanis
[~3 4#' 1 3 ‘dl [~3 o 1
wunen luwaazidasldamnunlunisiiufaang
goavn- 30 1 ilwnan 12 e Jum 0 Aeset

L e ed o v e
YevieuRUENINERINT MUgndes (EnsTnumIng
1ilgnaa 1.20 wls) luwsazaisnifiudaatinsdas
aziaanguinuntasnieluwlaslgnldawn 3.0
2. x 3.0 4. wasAUfIet9TNIasasiannaly
Wi 9.00 1.2 % Tuwsazudasnifusaasnaasls
ARENI8aeaNUIL 13 ATY TULARZIZALNANARAR
WAusnet1sdasan 3 uilasign (3 1) wivsaed
anutlasgndessiig LK92-11 waziug K84-200
e 1y A DY waen il
finatinagasinulalunmarass Tainlddsmuna
anaadlusuniuly (Fendluly) 816w wazan
(NMITIUNHIATINAZANINNAUALDA LUN LA AR A
NATINNIATBA LU AU 1AZIIN 29N TN9A
Hannnresas) Aaas1adaslunmazdquinly

d” 24 v U

WIAIMHTU (%) NIALUS (NN.) AMNLTNULUR
Tulnsian (%total N) wazANdNduradanas
(%total S)

o U U dyl U £

HdayanIadn NaawTa AVINTY AN IdULY
Tulnsau pudndudamasannuAazdlruaasdas)
PIRDINUEN LT ANRALFAZIEAUANNIZ LI ANAL

o

[ Ao o =
faae N nualdA T uI TN U ARARs S

D

wn wazn1razanlulnsaulazdamasiuilaite

£ v
o

NENIAINEIU A NTUAIUIUMIEAZ91 N:S Tu

L =De

Founaranua 1 warA i wansrauAfde
299 3 %ﬁlunﬂﬁﬁ@g@ n13Auand N:S Tdndauluag
(NQ@INL@Q@%@Q N=14.0067 S=32.0600)
nnatasaatnsdesfevnunaldieiastalniin
2u7A 100 NN.220.0 n. AHRANTTRATELAY
faeeinalunlas MamATLTasFatndas|d
Fadadnenazastelninunm 100.0£0.001 n. fay
LATUAIRLFAI9E 19 NsANdNdululngiau



54

wazdamlefldisias CNS combustion (Bitfe LEGO
U TRU SPEC CNS) éﬁl,ﬁumsﬁﬁmﬂﬁﬁﬁmi
ayinfuazdnnisiy uaziesliAnisaiiuas
AHYANANYIOIAL NMATTNLFAINEN AnINEES
NMLANKRAY NUNINLNRNHATAART
@“mLﬁuﬁqaﬁmé’ﬂmmLLﬂmﬂ@ﬂﬁﬂﬂv{;ﬁmﬂ‘lu
WA NeATYT lrade quiin 189a09 A9udn
UATINIANT UATENBUINTE YUBST AZUUNINE
Fandayaing wilasdgnidunguganunuiea
40, 29 18 35 AUTIHeAULLL AU NI EIRAY
witen wilasfidaifusethsdenihBunnrhuais
1,000-1,300 ¥&.
22-33 °. (NIuNAUTIAL, 2548)

wardguugiannialutig

ANNITRBLNLANNANNUSNTARALE N waz S
Tuaaanumainldlunisiasuauln

¥ = %’/ o k%

dayanaa N uaz S TuTauraninun Lazaisu
10958 EUAATALE NIZAULANRRANG wazTIean
. . oy m . p
sina ndsgnlsivinliAimaziaunisonnesivem
AAslugUuuy Michaelis-Menten Kinetics g1l
annnifunisnevaueseednsNaiaLizen
siasldianlasd (Atkins and Julio, 2006) Wisisl sl

A(t)—a+

Km+t e [1]

Wa A;(t) Aauna N vita S Nazanludaung
Ranua (i=1) viraluansu (i=2) Audaendu nn.-
Tulnsaw/ls w3e nn.-damas/ls « AeAUFULA
annislunsainAFusuldldesnainaanie
(0,0) Hvsdasdupsniy A4;(t) 91 V, AaAALA

a 1 1 A
ya9dnun1siviaedy nn.-lulnsaw/ls vise nn.-
Famas/ls K, dluppeivesaunisimdqedludy
() way riiludundstlgnimofudu (Su)

a H o v A

198 N waz S MBI AT ALaz AN S UL
Waidurasamdslgninlifmsmeiuuyl5ag
(dimensionless analysis) TpelTeuaNnIg S-shape
d‘ =l a a =l d‘ [~ roI/
Fadmuuuun ey inresiandulaiiueg
wanlgniaavialil (Yin et. al., 2003) aunsilgihiilu

WAUNEAT 46 (1) 1 51-62 (2561).

0:i(1) = g+ ————
t ﬁo+Y08XP o) e (2]

P = A A

e @ ﬂ@mmummm N mfa S ’lummm [

slm mmmm N 38 S mummnmm@\uu@m@
N

WU m mum@m@mmmnu (p=5— 139
S max

=) uay Lu@m@ i =1 ARTANNAYIINNA =2

Smax
o

ARG AU T mmmum@fmmﬂ@uﬂ’lm (t)

LS

FIALIAN

'
=

ALY (e TunsAnEnAalS AT 360 )

vsn T= AU ao, Po, Vo, WY 0o ARANAIT

Charvest
PBIANNNT mumfﬂmﬂmﬂmmmmmfauwuﬁ@”
aunsnldnavaaeungAinssunagaldann N was
S naantasalgndasdnilugule MaNANASH
20981N19 [1] waz [2] 1dasnaseindsaesiien
1’71'@@ (minimum error sum square) LALWIAN

mNﬂ?”@WﬁﬂW?ﬁlﬂﬁiﬂﬁl ) AN

R_2 -10— residual sum square = [3]
100 total sum square
(Yin et. al., 2003) AN2ANUINLAN AR 1Y

solver add-in mumiﬁwmmwj TfueiuAn
lultlsunss MS-Excel

NANTSANE

surmn1sgeld N uaz S wasdasiszeiy
NANRAFN o

Sarlgnuesiug LKo2-11 Hdauiulddezsy
mmammgmﬂu 9.71,15.58, 19.22 Lax 26.10 6/
13 daumasiug K84-200 Seyafisziuuannads
ilu 4.83, 7.17, 16.59, 19.63 uaz 26.20 fiu/ls
(Figure 1) 99a N ﬁﬁ@ﬂmmiﬂumm%ﬂu%ma
'w\mm (total biomass) RG] ‘wmﬂ@ﬂmm
fafawmmwuﬁmnwmmﬁmﬂnuﬂ@mea@ﬂumﬂ
Wnty nsaald N aranluFonaaranuaazifia
mn%ué%uwiémﬂ@muﬁa 180 Junastlgn uaeann
fudesagliazan N finduanseld (Figure 1a,
1b) ﬁ@:é’]’uN@mammﬂﬁlﬁmﬁuﬁaﬁﬁuﬁ: LK92-11
1IN azaluFnarmuanazluddutioaninues
g K84-200 uansliifiunanisgaldans N Tunis



KHON KAEN AGR. J. 46 (1) : 51-62 (2018).

a¥einsnarmuaiitesndt duflsfuuanan
Uszanns 26 AW/l deaiug LK92-11 finegald
20.0 nn.-lulnnaw/ls Tuansiidensiug K84-200
aald 36.0 nn.-lulmsiaw/ls (Figure 1a, 1b) dou

LK92-11

©9.71ton/rai
1a
35.0 4
®15.58 ton/rai
300 019.22 ton/rai
W26.101on/rai

NITROGEN REQUIREMENT OF WHOLE CANE BIOMASS, kg-N/rai
= = ~
! =3 o S
= = ° =

e
°

0 30 60 90 120 150 180 210 240 270 300 330 360

DAYS AFTER PLANTING

©4.83 1onfrai
350 4 @7.17 tonfrai
01659 ton/rai
300 1 m19.63tonfrai
©26.2010n/rai

NITROGEN REQUIREMENT OF WHOLE CANE BIOMASS, kg-N/rai

0 30 60 90 120 150 180 210 240 270 300 330 360

DAYS AFTER PLANTING

55

n1agald N ieaineans (Figure 1c, 1d) azily
T luiAnadeaiuiuausiesnissntiineaia
TINIQTIVNA

LK92-11
1c

09.71 ton/rai
® 1558 ton/rai

30.0 019.22 ton/rai

W26.10t0nfrai

NITROGEN REQUIREMENT OF CANE STALKS, kg-N/rai

[ 30 60 90 120 150 180 210 240 270 300 330 360

DAYS AFTER PLANTING

400

©4.83 tanfrai K84-200
50 ®7.17 tonjrai 1d
165 ton/rai
200 W 19.63 ton/rai
©26.20 ton/rai

25.0

200

NITROGEN REQUIREMENT OF CANE STALKS, kg-N/rai

0 30 60 90 120 150 180 210 240 270 300 330 360

DAYS AFTER PLANTING

Figure 1 Nitrogen uptake for whole cane biomass (1a, 1b) and for the stalk biomass (1c, 1d) of LK92-11 and

K84-200 sugarcane varieties. Legends were sugarcane yields. Symbols were data points. Broken lines were

regression plots. Regression constants were given in Table 1.
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Figure 2 Sulfur uptake for whole cane biomass (2a, 2b) and for stalk biomass (2c, 2d) of LK92-11 and K84-200 sugarcane
varieties. Legends were sugarcane yields. Symbols were data points. Broken lines were regression plots. Regression
constants were given in Table 2.

Table 1 Constants for Mechaelis-Menten Kinetics describing relationships between N uptake for constructing
either whole cane biomass or cane stalk as function of days after planting. Constants were described
in details as equation [1] in text.

Yield, ton/rai - 9.71 15.58 19.22 26.10

N Requirement for whole cane biomass of LK92-11 variety

a, kg-N/rai 0.42344811 0.00000000 0.15057737 0.06242770
v, kg-N/rai - 21.88752356 36.55268472 41.87131249 37.48805752
K, d - 107.33282 123.01591 193.26272 82.40221

R%, % - 97.60 90.00 98.41 89.42

N Requirement for cane stalk of LK92-11 variety

a, kg-N/rai - 0.49573070 0.48975131 0.14519606 0.69961641
V . kg-N/rai - 5.70001118 12.03165784 31.26000563 34.41598551
K, d - 40.80153 147.57831 308.22944 563.67218
R%, % - 87.91 97.73 97.82 96.12

Yield, ton/rai 4.83 717 16.59 19.63 26.20

N Requirement for whole cane biomass of K84-200 variety

a, kg-N/rai 0.75135641 0.88006431 0.66887949 0.44780447 0.71031525
v . kg-N/rai 23.99931084 18.18205222 33.22498684 42.30226595 44.91631814
K, d 258.75716 31.92663 81.80725 93.25159 74.68391

R%, % 97.16 92.18 94.67 92.71 95.00

N Requirement cane stalk of K84-200 variety

a, kg-N/rai 0.64654577 0.93926008 0.88205971 0.66515174 0.17819759
v . kg-N/rai 3.06590319 5.12104372 16.46788205 16.81327899 27.28475271
K, d 38.69219 3.51908 214.34378 113.88514 210.11711
R%, % 87.52 66.86 96.89 89.96 84.94
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Table 2 Constants for Mechaelis-Menten Kinetics describing relationships between S uptake for constructing

either whole cane biomass or cane stalk as a function of days after planting. Constants were described

in details as equation [1] in text.

Yield, ton/rai - 9.71 15.58 19.22 26.10

S Requirement for whole cane biomass of LK92-11 variety

a, kg-S/rai - 0.94931015 1.25683479 1.26226581 1.42938045
V . kg-Sirai - 8.57807483 7.09817844 15.52642308 9.59859925
K . d - 450.20756 212.81196 618.08972 251.24304
R, % - 92.81 92.20 92.72 91.25

S Requirement for cane stalks of LK92-11 variety

a, kg-S/rai - 0.24108953 0.41105028 0.16567888 0.33868546
V . kg-S/rai - 49.99052301 16.09360597 32.25802219 50.00000000
K ,d - 7310.23890 1708.09028 1982.61315 3556.27738
R, % - 90.83 92.71 90.38 96.66
Yield, ton/rai 4.83 7.7 16.59 19.63 26.20

S Requirement for whole cane biomass of K84-200 variety

a, kg-S/rai 1.00910767 1.19624185 1.24649045 1.11590886 1.39160998
V . kg-S/rai 15.03865107 1.63941189 49.98656780 4.17312131 5.03975236
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Figure 3 Dimensionless analysis on N uptake for whole biomass (3a, 3b) and for cane stalk (3b, 3d) and time

after planting of LK92-11 and K84-200 sugarcane varieties. Legends were sugarcane yields. Symbols were

data points.
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Figure 4 Dimensionless analysis on N uptake for whole biomass (4a, 4b) and for cane stalk (4b, 4d) and time

after planting of LK92-11 and K84-200 sugarcane varieties. Legends were sugarcane yields. Symbols were

data points.
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