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1- Quantitative Evaluation of the Fertility of Tropical Soils
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1- Yield with N maximally diluted (YND)
2- Yield with N maximally accumulated (YNA)
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Figure 1. The relationship between grain yield with nitrogen uptake in shoots. YND is the yield
(maximum) for the given maximum dilution and YNA is the yield (minimum) when maximum
accumulation of nitrogen is occurred.
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Table 1. Selected physical and cheimical characteristics of the studied soil.
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1- Internal use efficiency
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1- Yield with N maximally diluted (YND)
2- Yield with N maximally accumulated (YNA)
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of N (INUE, Kg.h), Internal use efficiency of P (IPUE, Kg.h™), and Internal use efficiency of K
(IKUE, Kg.h'™) for the second experiment.
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20 24238* 31 2204 166 763 693347 6006452 3 S
Treatment
30 7951 78**  18630** 202** 8335** 6173823**  337338948** 35 s
Residual
21 5176 25 5502 86 1617 1415320 7638178 105 il
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Figure 2. Reliative between grain yield and N fertilizer (A), P fertilizer (B), and K fertilizer (C).
(There were an average of 36 points for each point of the N uptake and an average of 12 points for
each point of the P and K uptakes).
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Table 3. Mean, significant F value, and LSD for different fertilizer levels. The fertilizer levels (NPK)
are in terms of kg.h™ for each nutrient. The units for crop yield and nutrient uptake are in terms of
kg.h™(Experiment 2).

el ol i ol Oin o b Slee S 0 Ses 355 Dled
K uptake P uptake N uptake Grainyield  Biological yield  Fertilizer treatment
153.13 21.79 75.30 2675 8164.7 NOPOKO
127.96 15.81 69.18 3150 7407.1 NOP20KO0
167.84 21.04 82.54 3025 9071.4 NOP70KO
259.64 24.05 138.35 3400 1408.1 N100POKO
168.39 18.05 123.10 4150 11453.3 N100P20KO0
233.39 28.21 138.53 3625 12583.9 N100P70KO
251.71 21.48 158.06 3725 12625.3 N200POKO
280.50 22.42 169.88 4375 14077.8 N200P20K0
270.29 21.90 152.66 4450 13301.3 N200P70K0
314.40 38.07 187.50 3875 15036.4 N300POKO
229.73 38.71 157.69 3750 13305.9 N300P20K0
241.00 26.87 168.96 5000 12827.6 N300P70KO0
117.28 24.83 60.61 2650 7149.7 NOPOK?20
178.97 24.68 88.19 3425 9844.8 NOP20K20
148.65 21.77 81.18 3025 8015.9 NOP70K20
265.18 27.73 135.79 3825 13063.3 N100POK20
210.22 23.95 135.34 3250 121185 N100P20K20
209.53 27.60 132.51 3300 12387.9 N100P70K20
234.12 22.83 146.91 4575 12123.6 N200POK20
235.95 18.84 134.13 4100 11938.4 N200P20K20
260.48 22.79 156.13 4700 12698.3 N200P70K20
324.67 32.86 209.03 4075 15745.4 N300POK20
217.96 20.67 163.25 3750 12480.2 N300P20K?20
270.39 24.87 169.31 3975 12638.2 N300P70K20
96.08 8.98 57.27 2375 5787.3 NOPOK?70
87.91 10.59 52.82 2200 4922.8 NOP20K70
146.93 15.93 80.26 2900 7754.3 NOP70K70
231.56 31.58 143.22 3900 12914.4 N100POK70
216.39 20.74 141.75 3400 12271.6 N100P20K70
220.54 31.40 176.12 4225 15360.0 N100P70K70
242.77 27.54 165.48 3375 13716.8 N200POK70
280.74 22.85 157.32 4325 13144.1 N200P20K70
238.84 28.81 148.34 4640 12197.1 N200P70K70
303.15 33.56 204.08 4625 15256.4 N300POK70
300.66 37.67 204.97 4825 15096.9 N300P20K70
442.52 38.24 243.07 4100 17867.0 N300P70K70
el sesle sesle sesle sl F SO bbf.u
Significant F value
51.93 6.47 28.15 832.81 1934.71 LSD (0.05)

o)



WAL (1) o sl (81,5 LS s a4 o

Slasles e ails 5 Shas 55 (Sl sme Ssle pas lasl o a8 sl OLS bl 4 S
s5h oy 6955 Slaslas o ls 3 Ses 2ilasT ol s (Y Jadr) s sy il (6558
¥) JSs (F Jadr) imils is SUSa s o S 5kS (NBOOP70KO0) 0+ ++ 15 (NOP20KT70) YY -+ +
A ISl s das g DLES 05555 358 e (1 e s 1y il 3 Shee s gy (A
B 03550 258 Lhal 3l b S ls Ol s by go il 5 i 555 - slane dla )| SO 0S0lo ool
L5 el ol (LSl 55 0 SLS 08E/V) &l 5 Shes o i S 2 p S LSV 8/0 e
ool L S als Ol sl dal s o s ) o Shes Rl 055 50 08 2k sl
Jol adls s Shas s (ol ame il 3l 5 53 SAS Ve o3l & il 5 i 35S o
O3are 2,0 pde ol 355 53 52 03 (o d@ 5 @ Caend ¥ ISE A i) A sl
lea_mju\z s, Shes e sl e alaily s ple S edalie (galy Ml O3y 20 5 )8
Ole 3L ot Ll 5 o 5550 oS sl 58 4 ol olS ST pde Loty sl 5 i 5 S
gol5e o s 3 Shas Jsl Shlesl 53 8L Sbr s edd o3y ole Coi b 5 Sb s ol o
A Jad) Sty i Sl s p S VoL B YA u WAV o5 Jlu 55 Ciloe
Slasles m (solsme LD oS 513 0L o3 Siales 2ol oS hug pole Cls
i (F J ) Cils s gy oly5 ol e s il 5 Jid (OS5 AS ol L3 il (35
s 5 4 45 A5 Lol NOP20KT70 5 N30OP70KT0 (slasles 53 05 i wodr Olsme op %S
o) @l (O ss) 3 eld il oS b s 035 55 51 3 p S LS O 5 YA Lol s
Sl Rl e S eSS V8L S B 05050 058 e Rl S 0l 0L ]
0357 Fbe o 035,55 555 i Gl B (LAY JS) s el o5 ol S a5 035,20
eSS IV s oly5 elS Lo 5 035 550 ol Ol o i 5 Sl el g 2 L)
YYA LV el ol Jan 5 035,20 ol Ol ks diols gl bl s 5y dal g 1S
(8 doir) 250 s 3 p 35S

A 35 b o 53 (Sl e Sk e 33 Siles] s (355 e gl 5 e
rraS 5 QS o SIS YA) oy mi sbls o5 54 NOPOKT0 5 N30OP70K70 (sla e
sl Gles golze o hed oo Oljn (1 Jgdor) gy jid Sl Olgen OLSa 5505 9)
35S slajles o33 Sialasl s (8 Jads) ails ks HLeSs eSS YALNY oy

oy



o)Ke2 g Slabw Wl

Sl s Dl 1y el Slor Ol (%S 5 o i o5 4 NOP20KT70 5 N30OP70K70
2 Sdes o daly 4l 07 Jdx) 5 S 0SS A 5 EEY (e bl 5o el
edaliie 35S G e b ool 5 ded ol Ol (g Gl ol 5 e 555 S ae 5 4ls
350 o=l 03 055,50 35S it skt 8 (O 5 w3 Y IS i) A
hd 5 el 355 53 a3 S g3 0 SLS o 05550 58 Sled il s gl
e Jda dn g Lla 1 ol Ol 2 05525 S 3 0 SSLS Vv 5 e 5 o S
et 3 A2l SLs s obie ) Olie 0350 VU L5 or il 5 Jid i s e 20153
Sl S med ol 0 (o5 el Lo e i Sl Cse i 55 O pas
Olyme w258 paie 53 cpl Dl g Rl Crge S 53 (glE ol Coli 5 (23355 020
Cils i s 53 eSS VTG Y o ol hlesT s aalllas 3550 050 o il S
Oltsl aallae 53 a8 oty cillas (Y0 1) OSGan 5 abils =l b Sl ol = Jsi)
eSS 5 A 2 S VIO 0 SIS 0555 08 VYl ails s il ole CBle L s
3 b oSN e SeAS 050 0 SN Al oS 53 S I 3 n g 0 SAS i ely p ST

(Nl sty o S kS oy 0 SAVIE
35S slasles oy S oo Dbl 53 a8 sl oL = el Sl eslial Gy, oS
Olie 0y 268 5 (i (0 Jsdor) 550 Sl pme 055 520 5l esliiasl S50 oIS 5 hadd Cilis
J—sl>= N30OP70K70 5 NOP20KO (sla L 55 losl cpl 53 055, 5 eslizal Syys oS
sde 53 ol a8 ol S SSa eY 0 SIS e SUS WY 5 £ (S Lol sl o s
Ad el Lo S sbay da Sl 53 45 A et S 5 (3leEd, S S e
e 059,55 355 Ol Jlis 53 15 055,55 3l eslanal Sy LS Ol puss W, (Al E) s
eSS Y She S 0555 58 e (I L s e sdalie &S sb0kes das e 0L
5 S alie .ol (s e L2alS /0 i b 05s a8 Sl eslizal Syon oS LS
0SS oSS YO 5 EA sp0 5 Sa Ul Sialesl 55 05520 5l eslinal Saus LS Bl

NCAPRED) Lol S D4y

oy



WAL (1) o sl (81,5 LS s a4 o

35 ls e ol a5l i Sl eslizad Jsys blS palis SO £33 Saalesl s
5425 Lol N3OOP20KO (6355 slass 3 ind 5l eslizal Sy5 LIS jldde op 2aS (0 Jsdr)
b Sl eslinal G553 oIS e cp mi (0 Jsda) spp SAS 5 p SLS AV 55 Ol 5l
55 ol 3> I NOPOK70 d:ﬁjw):):ﬁpf}ltsﬁr;jlg\"\i 35l Jiu"l,ajw\):}:j
o SRl s e Sleslinal Jays oL (B &S e e Jil oS s (0 Jsu)
345 o b 35S a1 Sy wals 53 (B Sl Js (0f JS8) S il s s
S sl ol gl bl 5l ol laesls (alesl pl b acslie 55 cils doal s (6 2l lael
Cdls uiS 0SS 5 SASEEY BVAE o O1555lES £l so i Sl eslinad Sy5s oL
Sielesl 53 ool e i Sl eslizal 5503 oD glakuels o uls A e i (8 Jis)
..1..';[.5p.suf,il.aﬂ):osu.:.ﬂ\:))ﬁ:ﬁcjh&aaﬁmgdtbg
3 el Sl eslial S35 S slie s cilite (6355 lajlas BV o Salesl s
5 54 N300P20K70 5 NOP20KT70 (sl les iulosl opl 53 .(0 i) 350 Lls gms (gobel ks
b\;\)m.wt.;)'\o:u:..ul@jszﬁlJSﬁ:uﬁdfﬁs)ndJf}l:Sﬁrﬁjlﬁs‘\ s Y0 sl b
oy Sl eslizal S553 bl e bl s sdalie jicd 550 53 ansl ad (0 Jsux) Ling
53 el Sl eslial (Sss LS pslie alows L (@ 8 JS3) A2 sdalie O 58 cob s

(& gdr) Ctls jois oSS 5o SAS A GYY (0 O jslis &8 s sdalie Il il

Cdls p ala ‘(,mﬁf;‘,lcs) S5 o Shes (LS pf‘,lcs) &y 5 Shes Ol s anls -8 J g
olie 1 ezl Ggys S 5 U Ly p S okS) e 555 Olime (GUSa 0 5 S) ol polie L

Jsl Gl sl (p S 5hS 5 0 S 5S)
Table 4. The ranges for grian vyield (kg.h™, GY), biological yield (kg.h*, BY), harvest index (ng,

nutrient uptake (kg.h™, NU), fertilizer application (kg.h™, FA) and internal use efficiency (kg.kg™,
IUE) at the first experiment.
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Figure 3. The relationships among nutrient uptakes and fertilizer application of NPK at the second
experiment. (There were an average of 36 points for each point of the N uptake and an average of 12

points for each point of the P and K uptakes).
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Figur 4. The relationships between internal use efficiency for N (NIUE), P (PIUE) and K (KIUE) at
the second experiment. There were an average of 36 points for each point of the NIUE and an average
of 12 points for each point of the PIUE and KIUE.
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Table 5. Mean, significant F value, and LSD of internal N use effeicency (INUE), internal P use
effeicency (IPUE), and internal K use effeicency (IKUE) for different fertilizer levels. The fertilizer
levels (NPK) are in terms of kg.h™ for each nutrient. The units for crop yield and nutrient uptake are
in terms of kg.h™ (Experiment 2).

IKUE IPUE INUE $255 e
Fertilizer treatment
17.5 122.8 35.5 NOPOKO
24.6 199.3 455 NOP20K0
18.0 143.8 36.6 NOP70KO
13.1 141.4 24.6 N100POKO
24.6 229.9 337 N100P20K0
15.5 128.5 26.2 N100P70K0
14.8 173.4 23.6 N200POKO
15.6 195.1 25.8 N200P20K0
16.5 203.2 29.1 N200P70K0
12.3 101.8 20.7 N300POKO
16.3 96.9 23.8 N300P20K0
20.7 186.1 29.6 N300P70KO0
22.6 106.7 43.7 NOPOK20
19.1 138.8 38.8 NOP20K20
20.3 139.0 37.3 NOP70K20
14.4 138.0 28.2 N100POK20
15.5 135.7 24.0 N100P20K20
15.7 119.6 24.9 N100P70K20
19.5 200.4 31.1 N200POK20
17.4 217.7 30.6 N200P20K20
18.0 206.2 30.1 N200P70K20
12.6 124.0 19.5 N300P0K20
17.2 181.4 23.0 N300P20K20
14.7 159.8 235 N300P70K20
24.7 264.4 41.5 NOPOK70
25.0 207.7 41.7 NOP20K70
19.7 182.0 36.1 NOP70K70
16.8 1235 27.2 N100POK70
15.7 163.9 24.0 N100P20K70
19.2 134.6 24.0 N100P70K70
13.9 1225 20.4 N200POK70
15.4 189.3 27.5 N200P20K70
19.4 161.1 31.3 N200P70K70
15.3 137.8 22.7 N300POK70
16.1 128.1 235 N300P20K70
9.3 107.2 16.9 N300P70K70
NS NS ek F ‘5))5.”
Significant F value
3.20 50.36 3.46 LSD (0.05)
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Figure 5. The relationships among grain yield and NPK uptakes based on both experiments 1 and 2.

Boundary lines represent the maximum dilution (maximum grain yield; YND) and accumulation of N
(minimum yield; YNA) in the above-ground DM.
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Table 6. Constants of envelope functions relating grain yield (GY) to the maximum accumulation (a) and dilution
(d) of N, P and K (kg grain.kg nutrient uptake™) for the first, second and combination. Constants a and d were
calculated by excluding the upper and lower 1, 2.5 or 5 percentiles (1th/99th, 2.5th/97.5th, or 5th/95th) of all
internal nutrient efficiency data presented.

Set3 Set2 Setl Lole
d (95" a (5" d@©7.5"  a(25M  d(99")  a(lth) Nutrient
Jsl lesl
Experiment 1
44.4 28.5 46.1 25.4 47.6 25.1 N
380.4 217.3 402.6 195.3 442.2 193.7 P
60.9 34.0 64.6 321 68.2 32.0 K
(ﬁé J;%LG)I
Experiment 2
45.4 26.8 46.3 24.8 47.7 23.5 N
349.4 127.2 406.9 113.0 515.3 105.7 P
29.7 15.4 33.6 13.2 37.1 115 K
ol 5 S 5
Combination
45.4 26.9 46.3 25.4 47.7 23.5 N
375.2 131.2 414.7 119.8 515.3 105.7 P
51.1 15.5 56.3 14.4 65.1 115 K

c.&f &5‘}. (.._.w\:gg‘gf.d gbjjj:a' 6|j(dX)fa&¢.U&Q-\.i J::U}SU:-‘;(&X) J.o‘.'& C:u'jsh\’- j_élic—\’ J‘gb
Table 7. The values for maximum dilution (dX) and accumulation (aX) of NPK in wheat.

K P N aX/dX Report |58

\l W Yo aX (AEERVISIFCOV S
a\% Am\% 01 dX Liu et al., (2006)

Y. 1Y YV aX (Yoo ¥) OLen 5 SUL
04 Y4 e dX Pathak et al., (2003)
1Y Y4 Yo aX VooV WL 5 Sbe
01 VYA Yoo dXx Maiti et al., (2006)
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