' "J:ltépnl palm by Chapman and Gray (4)
?'ta,f ‘'of the main stem of ‘the peanut is taken off at the

are- removed the ‘widrib, both: ends, . and marginal
ATR8,. leavmg only the:middle part of each leaflet, are
for ‘analysis, " A edium-sized -sample contains

lm trees

The ﬁrst :

the lea\es of ﬁfty peanut. plants or of twenty-ﬁve oil -
o I , ; ments N, P, K at three levelsO
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an appreclable factor in thousands of analyses, al-

2 ~'though this would have been a good method otherwise.
& beginning of flowering, while fot the oil- palm the first ..

- ‘Hoompletely expanded but not senescent leaf is chosen._'
¢ Ten medinn leaflets of the oil: palm leaf; from -which

A m.dlxeqmvalent basxs, while useful in the comparison '

of K, Ca, and Mg; is hardly of value when polyvalent g

,1ons come into consideratjon.

Our pr&sent conclusions ' (1952) are based on ‘the

. results of nine experiments on the peanut. and six on: '
“the oil palm. For the peanut the experimental designs -

were of the complex factorial type 38 _(the three ele-
2) q;f 22 (the three*
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perib'rméd‘ n' ;
Agronomiques- de . M’Bambey T
Gillier and Orgias, Resesrch Assi

SA typlca peanu
1951--at; the'

l,° the Imtxtut_ .

‘Recherches pour les Huiles' Dléagineux.' This

wada 3XJx ,factona! experimgnt sith’ partxal con- .

foundmg, ght-one ‘plots ‘arranged in. nine sub-
locks of 1

plots each. - A part of the second-order .
tgractwn is confounded mth block: dxﬁ“ermwes._ The .




. AVEPULLD. OF 4 TEANUT. INXPERIMENY

ConrtiNcaxey Tasigs

No N Na . Pp ‘ “Pg ! ?P‘, E
O 0. Yields in kg perha (x88D Y
O - B 22200 Ke 2011 2472 2416
P. o 2deg 2440 K. 2955 - 2587 2689 i
Pao 2o a6 2847 U Keo 2000 2494 2685
Means - wist 2517 - 3 C - mig. w0r 2580
(i33.5)~t[‘__ v ‘A“kﬂ R S DR

_ Loaf elements in % dry d)t R

" Nitrogen (% 0.068) ¥

‘P 367 382 .37, K, 378
B o372l 3m3c o 3810 K 30
P 367 363 . 37 K. 3m
Means * 369 ) 372. 378 - 8.78

(£ 0084) ¢

369 383
381 3N
376 871
875 380

treatments, all combinations of tiie three elements N,
P, and X at threg levels, ¢re as fyllows: B

- No 0 L Pe w0 “‘ K 0
N. 375 kg/ha i Py 75 kg/he Ky 378 kg/ba
Ns 76 kg/ha ' P, 150 kg/ha K. 78 kg/ha
" N applied a9 ammonium sulfate [ ‘
-, P applied as dicalcium phosphate; -
- K applied as potassium chloride,

ha = hectare, L

All applieations were made as side-dressing five centi -
meters from the row and five centimeters deep, The
' variety used was the 24-11 ‘strain of M’Bambey, a

L}

runner type.
- and III.

_ Voo P)m‘éph’om (+ 0.0078) + S R
P, /0137 10443 © 0138 'K, ' 0041 - 0185 0161 o 0188
Po 018 0208 0172 U K. 0137 0171 0169 . - - 0.164
P 0 0160 0162 0173 Ky 0141 0156 0173 - . 0.160 -
. Means 0154 0.157 . 0161 .. 0140 0184 . 0.168 0.168:. ,0.150
- (£0.0045) 2 C A - : RS )
' . ‘ Potassium (= 0056) t CoLne T :
P, 10861, 0850 0864 .. K, 0837 082 0913 , Ne. 0899 ~ 0889 .
P 0925 /0840 ° 0877 ' . K. 0805 0837 0804 .. N, . 0838 0817
P, 0864 0836 0871' " K. 0042 0880 0853 Ny 0841 . 0831
" Means . 0827 0845 0871 0861 " 0881. 0000 ° - - 0888 0840
. (=00318) ¢ - e < , ISP A
‘ i . r 1 Caloium (£0079) ¢ o e
Po 215 233 237 0 K, 222 243 232 N, 210 210
P: L, 2382 282 o 251 . Koo 220 252 U234 | 0N, 249 e
P L0219 0236 Q44 K, 234 240 232 CNeo 237 o2
Means . 222 . 240 244 - . 228 245 233 232 238
(x004D . : ' : . B
REETS Co Magnesium (& 0.060) o S e
Po 118 128" " 126 Ko 117 122 123 . Ne ' LM 123
P, 121 138 128 K, 127 1.39 128 113 138
P, 119 1217 133 © Ko 12 0121 123 Ny o128 135
Means . 119 19 129 . 12 127 125 120 . 131
C(£0034) ¢ R K . - ‘
Standard error for in:“'"" i ual‘gél ults: 1, § P
Stax}dard error for mg b , ; ’ i
v : ! i *

o .“,1-"‘»’
The‘_result_g are given'in tables I, 11

by Ny, Py, Ky, Cag, and Mg, ,.
‘when there is a highly significant correlation between’

lation: between. yield and Ky, These rqla_tionghips are

Drscussion: For abbreviation we shall in&iqh;‘e‘tﬁe
troatments’ by Ny, Py, and Ky, and the leaf vontents

The yields (table I) show a predominating i‘nﬁuenc_&
of Pr, a lesser effect of Ny, and a small effect of Ky
being just within the 0.05 significant level. However,

yield and Py, (0.01 level of significince, table II1),

there is no such ecorrelation between'yield and N, ot
K. There is even a tendensy for a negative corres’

#
S =



nst yields and leaf contents, ' The results indicate

: thal P is-the prineipal deficient element and that, on
1 the basis of this experiment, a fertilizer formula with
} 4 prédominating proportion of P should be recom-
mendedy,

fg in figure 2, where the main effects are plotted
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y . , . Taswe 11 B : ‘ _
- Lixear awp Curvarure Ervects oF THS Femrivizen  Taearmenrs (Ny, Pr, Kr) oN Lear CoNrexts
. Lo ANy, Pe, Ki, Caw, Mgy) anp on Yo
/ . Liveagerrecr T ' CURVATURE B¥¥ECT
JYmo  No Py K Ca Mg Ymw No o P Ke @ Cau Mg
Ny | #182%* 4010* +0007 0056 ‘021 +010* 345 4002 #0002 40107 ~014 004
b H481 ** 007 +0.028%* 10039  +0.04 +0.03 ~318** 006 ~=0.021%. 0000, ~030** _008
Ke | +107* +004 +0001  +0080 +008 +001  -294*% _013 . -0, !
;&E%@L ! SRR T SR T i it
oOr it 474 %0048 % 00063 = 00451 =005 =008 = 822 =+ 0.083'% 001
I i ; ; . - :
ipear effect, of N = Nu~ Na, ! . * Significant at 5%,
Curvature effect of N = N;-2N, +No. | ** Significant at 19,

positive correlation Pj:Ky, not as a dorrelation of ab-
sorption capacity but rather as an ‘improvement in
the physiological cordition 3f the plant, due to the
favorable action- of the rdost deficient element, P,
These more favorable physiological conditions would
tend to increase accuraulation abilityl

!
2,580 ;
“ i

Sl

. Fie. 2. Main effeots of N, P or K on ;
»Plor K. 1-em represents a signicant difference at 5%
The favorable eﬁ’ects «of Ky and Ny upon’'yields -
4y At indirectly. For exumple, the favorable effect
f I mighs be'associated with the uptake of P, as
 there is" a significant (0.05) “positive correlation, be-
“tw?e:ieﬁy-hn‘df?l?;, (table IIT).  However, this does

t stem’ to-be the, case, for it oan be seen that Kqpg -
fitends [to act-the opposite way in'the

b

o' 1) that Ky increases Ky,
 (significant) and . decreases Py,
56 (significant): We ‘interpret’ the-

i

between main effects. | ;

& favorable’ effect of ‘Ca and Mg
;vesti'gaftgtli later. .. % ..

Lo B et |
it ‘ : 0.164___-_----0-'168_ ' - .
e I ST o 2,480
378 Ry A E
sl T 2020 .2300,77 L "G a3
§9 . 014047 ) , 0 08587.:...0848-77 ™
No. ' Nz - Po’ Py Pe . Kool Ky Ke

yields (unshelled nuts kg/ha) and leaf‘vco;(ntents‘f‘ (gm % dry weight) of
i

The"correii’itioh‘ betweeﬁ NL a‘hd.PL,' although posi-
tive, is not significant (table III). This is related to

the strong negative correlation between Ny and K,

 along with the positive correlation between Ky, and Py

It is possible that the favorable effect of Ny is
partially related to the increase in\Cay, and Mg, due

i o of ... . to this treatment (tables I'and III): = As a matter of
presence of I'py. .fact, we find a highly significant cdyre)at_ion between

yield and Cay, or Mg, which would!seem to indicate -
apoint'to be in-

+05797 %+
e 0.0347
LL07575 %
308713
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* The main resul
marized as follgws
3 .. ‘}' A

. pias Jo0 e 0.« -mental design were quite different from ours. |-
ONOANG Critical levels: We give to the critical level a'iprae-
SReeeeNeres:CaresasMge tical goal and define it as the concentration of th

ments. ) R . o
v GENERAL SURVEY OF EXPERIMENTS
Resurrs: Lack of space prevents us fi'pm present-
" ing complete results’ of each analysis; however, we
~ have summarized therm in table IV (peanut) and table
V (oil palm) by giving only the' results with and

This concept

. PLANT PHYSIOLOGY =

this experiment can be sum- ficiencies in soils is con
T ‘with the peanut” Bouyer
‘relation; however, bo

: » is of a major unportanee for pi :;tip
" use, as rightly pointed out by Ulrich (20); becatise 1
allows advising manures which will give.the mosts

economic returns. .

Critical levels are indicai

firmed. a,f@éhtléxﬁégm -
(2) failed to find such:a
th his leaf sampling and'_e:lkpm

direct or an indirect method.
TapLe IV | o

GENERAL PEANUT RESULTS—LEAF ANALYSIS

; T LR " element in the leaf (dry weight basis) above which
The solid lines show relations between yield and . yield response fm_m‘the

element in:the fertilizer {s
treatments and dotted lines correlations between ele- . likely to ocour. [ ST ;

; ‘d by N, for Nx‘,,vP,‘,,‘fglr.l?L,‘
and K, for Ky, To determine them we use either a.

g s L

PR RRES 1 e pe N

N P K

NumsER TrEAT- Ca. Mg IO Yrezos ;
LOCATION © . - OF CMENT | ' “N/P K+Cat+Mg —— =
' REPLICATES NS0 % OFDRY WEIGHT .. -: . .. v Ke/ma.
. Sénégal . ,' L 1 v L :
Thiés 1950 |27 " {=) 446 0483 0534 083 086 9.2 ‘
. ! K 431 0395 0652 075 071 108 211
' Séfa 1950 1 (=) 465 0165 161 116 0439 282 26
E R P45 0194 149 135770605 245 44.
Séfa105l ¢ 1 2. U &) 458 0179 © 214 179 0725 256 v 465 00
o P 484 0236 199 193 0847 189 . . 1126
Bambey 1951 | 27 . -y 376 0140 0861 228 122 = 269 436 ... 2119  100.&F
R P 369 0168 0900 233 125 229 460, i 2500 11237
Bambylor 1951 @ 27 - &) . 342 0153 0776 196 113 223 387 . 180rs 100
- o P 331 0176 0774 206 123 190 403 2248 | 1p5. ;
Louga 1951 & 20 (-) 291 0168 166 :s124 0403 173 330 976 | },00 N
.+ N 27 015 163 133 C410. 177 337, 1210 | 12400
Guinguinéo 1051 20 -7 - (- 436 0240 118 223 106 182 447 1556 / 100
' S UK 431 0235 1240 227 108 183 459 1840 |- 118
Prench Congo 3 , _ . ' ‘ ' PR ’ } ) %
Loudima 1951 321 0139 225 240 0305 231 - 495 !
z 317 0142 223 @ 242 0344 223 499
Inoni 1951 | 348 0228 190 118 0409 153 349 :
S ~: 370 0209 182 116 0585 177

353

without the favorable treatmens. Also, for compari-
son, we have included some data of Chapman and
Gray (4), recalculated on a basis of percentage of
dry weight. ' :
Discussion: It should be pointed out that all
favorabie treatments of both the peanut and the oil.
palm increased the leaf content of the same element,
excopt at Inoni and Louga. The Inomi experiment
gave no significant results, and the Louga exception, .
discussed in another paper (18), is related-to the very .
low level of N in the soils which had not been. cor-
rected by fertilizer application (50 kg of ammonium
sulfate per hectare). This would be a case of being

in"the “minimum percentage ” range, according to R

Macy (10). ) .
So, the treatment that increases yield also corrects

deficiency of the element in the leaf. Once more the We see that the yield responses decrease as Ni. in‘f‘f,

validity of foliar diagnosis for finding mineral de-

sponse to leaf analysis.

For N, of the peanut, for insta
following values for Ny, in the plots wi _
for the yield response to the application of mtrggén

’. Louga (1951)

Bambylor (1951)
Bambey (1951)
Guinguinéo (1951) -

Thiés (1950)

Séfa (1950)
Séfa (1951)

No

201

.. 336

369
- 427

442"
460
470 -

creases from 291 to 4.27.

i

Yield respbnse

application of

nitrogen

249, *%
+16% *¥ -

!, : )" v : ‘ o ,
The direct method consists of comparing| yield Te-
nce, we found the -
thout Ny and'

v

ke
‘tothe s 1

0 S

+ 5%
+ 2%
+ 19

i




Bre of major importance they do not, ‘o course, tell
s the whole story.-In order to umbh?tand ‘S0me

der the interrelationships of the different-elements. -
| Ratios between elements: The N;/P,, ratio is sur-

febons tho same

o

1 Interrelatzom ‘of - elementa While thq a.rmcal levelsﬁ AR . [ T )
3 (Pobé) ;. also, it is about.the sume in such different

xperimental results: more fully it is necgssary to con~

prisingly constant.; For, the oﬂjpalm (tuble V) itis
: igs,” ld
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- - TasLe V ,
! GeNERAL Om ParM Resurrts—Lear ANALYSIS
fex: ‘ - =
T : % E
: u , : Numuer N P XK Ca Mg .t Y
Loc‘morzf AGE . i‘:‘ﬁ";‘ OF REF 1 : ’ N/P K+Ca+Mg : °
. . CATEL. %0 OF DLY WEIGP T , . Ke/HA - %
’POBI? 'bl' o . ; i ‘
{Dahomey) ~ Nursery - . 5 | 363 022 180 0650 0470 1iib ‘No production
S0 2-year-old | (=) 5 278 0.168 "7 0700 0.540 ?1(;,.5 No production
{, s ’ trees K N 275 0171 ' : 8 0721 0432 1¥: I. . i E
;--/ ! 20year-old () 6 254 0167 499 0932 0651 153 ' 4730 100
2R R I !+ trees K i 264 0.171. 872 0.776 0.4?0 154 : 6830 147
DABOY , = I - . -
(Iyory ' |~ 0-year-old =) 36K 0193 0496 0589 0318 158 . 3100 100
onst) | " trees K onXE3 071880765 0756 0286 157 9350 - 302
ESIBITI o ’ G . v . B L
{French | l ‘7-year-old.  Healthy . 2"3?& 162 138 0457 0.230 ' 17.3; 207 No records
;:Congo) trees Unhealthy 1avp3 158 154 0412 0202 164 2.15 No records
; TO wMBT 57’11 ' ,‘ ( i
3 20-year-old * Control 6 280 014 091 0530 0118 & 153 156 . 3920 100
A7 L trees . NPK L1 95058 121 0562 0114 156 1.89 {4210 407
. NPK+Mg - PHg 0.97 113 0577 0135 151 18 520 141
yChapmagy = @ 50 L . R
Experiment 1 - 101 ... vl 178 .0 L. ‘Not pub. 100_
S T S 096 - Lol 180 Not pub,. 193
xperiment 2 T N ] 0.560 0960 0376 108 - 190 ' Not pub. 100
R . K 09 0832 0320 111 225 - Notpub. 168
i The i has been: approx:mated to Ncu. 0di " TasLe VI
_ ame reasoning applies to other eritical-le v v‘alues P Ra NI ;
" The indirec’ method, or exammatlo; ok special - bl Amios Barween' N awo P
biges mﬁy aIs; give some information, . ¥ur {nstance, S I T
£/ Daho, Ky (which inéreases. yield 20%) lowers LocatioN . Trearmenr N P ofnfﬁ% IJCBLZI&E
N1, fromrl 301 to 283. In Malaya (Cl\qsman) this ' - ‘ - . .
bame K| with a yield increase of 90%.br'isgs Ny, from  Thids =) 92 l ! +43%
R.58 up !g 73. Thus, the N, xt.aybemmaﬁd around . K .. 109 R S VR
p.70. Similar reasoning may be used in 4fes cases.  Inoni ig? ' 1 L+ 8%
; Selll;nmalnzmg, we. propose the foll(‘aw.\% critical Louga. e l \ ‘ o
T : S8 oo , : FERE L2 A L
1Peanut o oﬂ #Jm\ o . Guinguinéo 18.?2,"‘ l Lo +18%
ye-4m SN2 270 AR i 183 N:P=2¢
. = 0.20 . Pes0id5 . Bambylor ' - P 190 T 195%.
1 Kn=1~20 : 5 ‘~Kn— ] ) . (‘)4, 223 T L 0 o o
These cnhcal levels should be- conmdtﬂd aprproxl- ;Lo-l‘ldlma Nfg B3 T ‘ ha
‘ (=) 229 .
“te, they will probably have to be nadaified in the Séfa 51 P 189 +26%
jourse of .further experiments mvolwngvmeta.l and =) 256 T
pliimatic inifluences. However, it is mtengmg to point . M’Bambey . P o229 T \7+22%-
it the similarity of the K, of the oil pelm in Chap- . (=) o 269 Uiy '
man’s expemnents in Malaya and’ ourupenments in - Béfa 50 P 288 i +28%
'erent African regions. 3 : &L 82 ‘

conditions as Malaya and Africa. Its value is about
16 and; in a general way, a favorable treatment bnngs
it down or up when it’is lower or hvrher than 16 in
‘the control. - o
-'This ratio is less constant in the peanut (i.able vy

; hawever 1t tends toward a certaln value sleral

£Y



2

:ﬁﬁrtﬁﬁzyém data e mg‘i

, ia&o:mble tneatmem ’.l\hergle

N;,/PL ratio a,rquné 20 (¢

' Ox coutse, these Ky optmiagi" ramas'eue stx}l ‘qwtge

rough and rather indicate'a J:ange; of‘ xatms foward
" .which fa,vorable treptments will canverge, Neverthe—_

less, xhey ay. ‘be juseful in analyzi deﬁcleqcxes

“When .2 ratlo’ found 4n a lleaf sample cr.hﬁers gx;eaﬂy :

from these values, the divergence may he attnbuted
1o ‘he numerator agd/qr the denommat,qr, and bhe

deficiency may -thus-become evident. Far mstanqe in’

Thiés, PL/K‘ =0:582 is about three times the “‘o‘p-

‘ nmal A ratm : The i?gums ,shoyv cleanlv that hms JS,

?PMF ?WKQHP?

ﬁi@rfﬂaﬁmm hetween: & f
corrci @,,K;

i T W 3
:1 ogls “are alsp positive . |
> apd Mey, axe linked: toge

Setimate the e al soil exb:

,‘ - .1 TABIgE WM’I

ol i3 7o

L oo m

§0 ghly s’gn“c b sz?,ﬁ@r"

fiween XKy, apd Cay,'¢ }KLW :
ithe correlations. hetween
Jithys, the analyzed elemelp “con
ing, ggbdlwded ynfﬂ? W0 ATRP U
he 4amed the * protoplasniic olass.”
elem,mts cpuld be tqrmed the < basie,

It should be pointed .qut t;ba,t tl;e 1
Mgy (table IV} for .the pea qt e
mately as the ylelds {(see _dg

SENEGAL
“Thiés (1950)
Séia (1950

Séfa. (1951) )
Bambey #1931 .
Bambylor {1951)
Louga (1951 - !
Gumgumeo 41931

© FRENGCH CO\IGO

L a /(1951)
‘h?;lm TIQ;)L?N)

DAHOMBY :
‘Pobé fuyea,vpld trees 25 435 .
Q’vaear-pl itrees 48 0.22*
IVORY (COAST : ,
" Dabou: Qo'year-ﬂld trees 36t »{,Q’.Q‘is‘?*
‘ FRENECH CONGO
' ;bem Z‘year-old trees ) | o Pp2E
‘Etoumbi: %yeatmld trees . 48 . ‘&511"

- *mgmﬁcant at 5%
#* Significant at 1%. -

1) S R Lipe
RLLE S { *@'? PR
e o3t
o 0-6,5v‘)‘ VS ,9748»* \ o :
s PPV e

4= powve eofrelat
- = negative, g?i:{{r hm
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" 4o Soo
Total K+Ca+Mg

"Relation between the. yield and the sum of
the basid cation in the Jeaf of the peanut.

]
the

Xik : PR
It is iigxteresti.ng ta note. that, although the favora-
‘ble - treatment may greatly inoreass Ky, (ie., Pobé:
Ki'goes up from 0.499 10 0.872), the sum'is changed
by only|a very small' amount (Pobé: from 208 to
219).
between |Car, Mgy, and Ky, At, Dabou these antag-
onisms"do not reach the significant level; the sum of
tha elementssinoreased more (from 1.40 to 1.81) and
thibre was coficomitant inerease of both Ky and Cay,.
So, we see that when the sum does not reach 2.0 the
antagonism between Ky, and Cay, or between Ky, and

MgL dlsa"ppearw .

. SUMMARY o

Detailetl results
reported to show the methed used in foliar diagnasis,

General results are given far the peanut and oil palm, -

and from! these results oritieal levels of N, P, and K
are approximated for beth plants,” Interrelations of

elements are disoussed. from the - standpoints of the

ratios and correlations between N, P, K, Ca, and Mg.
Correlations between N and P are generally positive;
correlations between K and Ca or K and Mg are

niegative, while correlations between Ca and Mg.are
] pakn such correlations may diss .
appear when the sum K + Ca + Mg is lower than.20. *

positive.  In the oil

_The elements- thus far analyzed have been sub-
divided into two large ‘classes: the “ protoplasmic

class ” for N and P, and the “basic elements olass * |

‘ot K, Ci, and Mg.

This work has been made possible through the co-
‘peration of the staff ‘of the I.R.H.O.,V the

.

palm (table V_)f\'tkixis sum is rather constant, ~

his. is ‘well ‘explained by the antagonisms .

of 'a typical peanut experimeﬁt are -

members .

\
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of the research stations in Africa, who conducted most
of the experiments, and the chemists in Paris. Spe-
cial acknowledgment is due to M, Ferrand, Conseiller
Agronomique of the I.R.H.O., who initiated this re-
search, and to Dr. A, Ulrich, who kindly agreed to
read the manuscript,
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