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S i n e  carefully washed Fe chlorotic leaves often contain mre 
total Fe on the dry weiqht basis than do green leaves, a population 
of leaves of the sane age representing chlorotic leaires from each of 
b~ l m n  trees and green leaves also of the san-e age and from the 
sam two trees were analyzed individually for mineral e l m t s  to  
determine, e w i a l l y ,  the frequency distribution of Fe in the various 
-ups of leaves (n = 47, 48, 71, 48). The chlorotic leaves from one 
tree had mineral camlpsition typical of lire-induced dilorosis. The 
chlorotic leaves for this tree were, on the average, higher in P, K 
and Fe and 1-r in Ca I2-m the green leaves. For the other tree the 
chlorotic leaves a~peared to be t r u l y  Fe deficient; P was not higher 
in these leaves but the rn K and Ca shawed the same pattern as in 
the first"tree. Zinc was higher in the deficient leaves than in the 
green ones an this tree which can be expected for true Fe deficiency. 
W~ITI zinc levels were belw the critical levels. man manganese was 
belm the cr i t ical  level for a l l  groups. The coefficient of variation 
for ea& elemeslt in each p u p  was usually around 30%. bhxkmm 
n r h h u m  data indicat.d tha t  many individual leaves did not f i t  the 
patterns just described. Correlation coefficients indicated that 
mst major patterns wxe consistent i n  spite of the variability, 
although there were som differences. The frequency distribution 
for ea& of mst elements was much like a normal curve with usually 
a three-fold range for ea& of the e l m t s .  Many of the ~e-deficient 
leaves had mre Fe t h a  s a f e  of the green leaves. . Analysis of an 
individual leaf, therefore, cannot result in accurate description of 
1i.m-induced chlorosis . 



The purpose .of this study was to cnmpare the elenwtal mcen-  
t r a t ion  of l m n  leaves showing lirrre-indu~d M o r o s i s  symptoms with 
symptomlessmntrols fmmthesar re t reeanda l so toseewhate f feN,  ., 
i f  any, would iron def ic ienq  haveveon the' leaf  content of other 
nutrient e lerents  in terms of the population. Another purpose was 
t o  detennine i f  any nutrient element deficiency not apparent or not 
certain by visual  symptoms was mnplicating the Fe chlorosis o r  
deficiency. 

MATERLALS AND MEIIDIS 

m t u r e  l emn trees fm M l i s s i  Corinth area of Greece, the 
e n t e r  of lamn production of the country were used in this study. 
The so i I  ,contains about 50% Cam,. Frorn one such t r e e  cv "&glini" 
and another cv "Pbutsouna" loca l i t i e s  "Markaseika." and "Redeika" 
revL-tively, 50 to  70 6ironth old leaves of each condition from 
norhar ing  shoots were collected on -r 17, 1979, washed in 
liquid detergent and tap water and analyzed by emission spectjngra@y 
acmrding to Alexander and M c A n u l t y  , 1981. Washing was according to 
Wallace et al . (1980) so tha t  dust e l m t s  like Fe . and Ti would not 
osmplicate results. 

RESULTS AND DISCUSSION 

On tree' 1, the yellow leaves =re signif icant ly higher in PI Na , 
K., Cll, Fe, B, and Al (Table 1). They were significantly lwer in Ca, 
Cr, Ba, and Li. This tree had leaves typical of l ~ i n d u c e d  chlorosis 
(11 j in  1952,  m t r a  e t  al. 1976) . On t r e e  2 ,  the  y e l l m  leaves were 
significantly 1-r in PI Ca, Mg, Cu, Fe, MI, Si,  Cb, Cr, and Ba. 
This tree, then was  mre typical of a true Fe deficiency than of l b  
induced chlorosis . 

m e  miisismt elmmts between the tsm trees were; ye l lm:  
high in Na, K, B; law in Ca, Cr, Ba. Other'elements =re inconsistent. 
A t  l eas t  f o r  K and Ca, this pattern in both trees is typical of Fe 
chlorosis although scuref5.m~ Ca does not f o l l m  this pattern. 

The green leaves of tree 1 wsre on the lw side  of P adequacy 
( W l e t o n  et  al. 1973). A l l  leaves w e r e  lm in MI and mst were low 
enough, in Zn to p s s i b l y  shw symptans. The ch lomt ic  leaves of tree 2 
were very likely t ru ly  Fe deficient. 

14an, standard deviation, coefficient of yariatioqmaxirmrm and 
rnhhnm values f o r  s m  elemnts  in  Table 2 indicate typical va r i ab i l i ty  
in keeping w i t h  nonnal m s  but often' the' green leaves &awed less 
m i a b i l i t y  than did yellcrw ' chlorotic leaves. App.mpriate histogram 



Mineral Elerrwt -sition of Elaents in Fe Deficient and Green 
Leaves £ran ' lbo k m n  Trees. 

"Tree" 

Tree1 Chlorotic 955' 97.6 1.U8 
Green 662 20.9 0.712 

h-ee 2 ollorotic ,1074 217.2 1.'451 
Green 1523 62.2 1.078 

LSD 0.05 (48) 109 45.1 0.084 

F Value - 82.66 34.46 118.29 

Wup 
"Tree" 

Tree 1 orlorotic 104.8 4.4 33.4 
Green 96.3 5.'1 19.4 

Tree2 ollorotic ,'50.0 5.1 34.5 41.2 440 0.028 
Green 64.4 7.4 25.6 35.0 593 0.166 

I S D .  0.05 (48) 7.1 0.8 3.4 12.1 93.9 - 
F Value 118.45 18.52 36.42 52.23 13.58 - 

-Up Co Ni 0: SX Ba L i  
"Tree" vg/g pg/g vg/g vg/g vg/g ~919 

Tree 1 Chlorotic 3.9 3.0 0.3 218 13.2 4.3 
Green 3.6 3.9 0.9 218 15.1 6.7 

Tree 2 Chlorotic 2.5 1.6 0.5 206 10.3 9.0 
Green 5.3 4.4 0.6 215 11.9 6.9 

LSD 0.05 (48) ,. 0.8 1.0 0.2 N.S. 1.0 1.0 

F ' value 17.75 14.30 21.62 0.94 38.05 35.08 

(Figs 1-4) illustrate the extent of the variation. In Table 3 are 
data which indicate that skewness and kurtosis of m t  are within 
tk range of m m l  curves. Nonmlity would be rejected only in the 
case of tree 2 for P in the chlorotic p u p  of leaves. 



Mineral E l m t  Ompsit ion of Fe Eficient and Green Wves fram 
Tm Different lkmn Trees. 

cv Maximum .- 
. . n ~ a f  mlor iii SD 

% 
Fe iJg/g 

Tree 1. 48 green 96.3 16.8 17.4 138 68 

T r e e 2  71 yellow 50.0 14.1 28.2 86 25 

T r e e 2  48 green 64.4 11.1 17.2 82 38 

Tree1 47 yellow 955 260 27.2 1676 457 

Tree 1 4 8 green 662 217 ' 32.8 I l l 7  250 

T r e e 2  71 yellow 1074 315 29.3 1880 54 3 

T r e e 2  48 green 1552 266 17.1 2136 1073 

Tree1 4 7 y e l l w  1.138 0.28725.2 1.728 0.306 

Tree1 4 8 ST-een 0.712 0.119 16.7 0.927 0.477 

Tree 2 71 yellow 1.451 0.228 15.7 1.984 0.794 

T r e e 2  4 8 green 1.078 0.165 15.3 1.422 0.770 
'* - vg/g 

Tree 1 47 yellow . 3.515 0.5'33 15.2 4.894 2.133 

Tree1 4 8 green 4.364 0.74017.0 6.515 2.993 

T r e e 2  71 yellow 3.462 0.82923.9 5.658 1.603 

- 2  4 8 green 3.754 0.763 20.3 5 . 2 6 6 .  1.987 

The histogram ind ica te  that  each kind of leaves f o r  each tree 
can be wnsidered as populations w i t h  n o d  frequency distribution 
characteristics. Any one leaf from any one group, therefore, would 
p r l y  represent the population and i f  t k  population were to be 
characterized, a minimum sample s i ze  would be necessary wnsistent  
wi th  the f o d a :  







Figs. 1 ('Ibp) and 2 (Bottan) . H i s w a r n s  of Fe (top) and P (bottam) 
ancentrations in Fe chlorotic leaves and green leaves frum tm differ- 
ent lemon trees. Fbr each'histogram top are leaves from tree 1; 
httm rn I.eams' frum tree 2. L e f t  are Fe chlomtic leaves; right 
are green leaves. m' 2 d w  real Lur~'deficiency; t r e k  1 is 
typical of mst lime-induced d o m s i s ;  tree' 2 is  not for either Fe or  P. 
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Figs. 3 (Tbp) and 4 (Bottan) . HiStDgrarns of K (top) d Ca (tot?) 
ancentrations in Fe chlorotic leaves and green leaves fm t w o  bffer- 
ent 1a-m trees. For each histogram top are leaves from tree 1; bottcHn 
are leaves from tree 2. Left are Fe chlorotic leaves; right are green 
leaves. Both trees are typical for lim-induced chlomsis for both K 
and €a. 



Statistical EMluation of Frequency Distribution Histograms. 
(Figures 1 - 4). 

.Kurtosis wan . . . . .&2 Tree n -- Elerrwt 'Skewness 

Yellcw 

1 47 P 0.4570 0.8187 @ably NS 

1 47 K -0.1531 0.8075 probably NS 

1 4 7 Ca -0.1396 0.7552 probably NS 

1 4 7 Fe 0.2986 0.8158 probably NS 

Green 

1 48 P -0.33U 0.7710 probably NS 

1 48 K -0.1499 0.8058 probably Ns 

1 48 Ca 0.7304 0.7910 probably NS 

1 48 Fe 0.0908 0.8490 probably MS 

Yelluw 

2* 71 P 0.9826* 0. 7281* S 

2 71 K -0.'1297 0.7728 P*~Y Ns 

2 71 Ca ' -0.2853 0.7969 probably NS 

2 71 Fe 0.6168 0,7850 probably NS 
'P 

Green 

2 4 8 P 0.4824 0.8252 probably NS 

2 4 8 K 0.3289 0.7988 -1~ NS 

2 4 8 Ca -0.0379 0.8258 NS 

2 48 Zk -0.6119 0.8024 pmbably NS 

* 
Skewness significant at 1%. kurtosis significant at 1%. Probably 
would reject normality. All others, cannot se ject nonrality . 

where t is to value for probability of ermr (Snedemr 1946). 
d =  1.96 for P =0.05or 2.58 for P = 0.01, CVis e f f i c i en t  of 
variation and d is the accuracy desired, in this case as % to coincide 
with the units of t k  CV. The v a l e  d is usually the difference 
between two mans to be separated. 



Oorrelation Coefficients f o r  Pairs  of Elements in Ieaves fmn the Same 
Tree With and Without Im kf ic iency  S y q w .  

heel T r e e 2  
Def. No Def. Def. N o  Def. 

P x K  

P x c a  

r needed f o r  P = 0.05 is 0.280 f o r  n = 47. 

Part  ,of the mrre la t ion  matrix is sham i n  Table 4. It is  of 
in te res t  t o  note h m  mnsistent  are the typical lime-induced chlorosis 
relationships from leaf to leaf with the degree of va r i ab i l i ty  . . 

encountered. .The P x K oorrelations e r e  positive and signif icant  
for both trees and both deficient and green leaves; those fo r  P and 
Ca were negative in a l l  cases. All are as expc ted  with chlorosis 
even &ugh expressed f o r  both green and di lorot ic  leaves. The Fe 
and P were negatively correlated in tree 2, the tree s m i n g  true 
Fe deficiency;. they were also negatively mrre la ted  in  the green 
leaves of tree 1. The correlation coefficients for  l?e x K were much 
l ike  those fo r  Fe x P but neither were significant f o r  tree 1. The 
K x Ca coefficients were negative as expected although not s igni f i -  
cant for  tree 1 or leaves that .were green. This e f fec t  may be the 
result of lack of the chlomsis. 

There were sme d i f f e r e n ~ s  in mrre la t ion  coefficients fo r  Fk 
x other micronutrients with green and chlorotic leaves. In tree 1, 
Pe x Ca was positive and significant f o r  chlorotic leaves but  not 
for  green leaves. In tree 2 Fe x Mn was positive and signif icant  
f o r  Fe deficient leaves but not f o r  green leaves. The Fe and Zn did 
mt show a negative relationship a s  indicated by the analysis i n  
Table 1. There was a negative relationship f o r  &lorot ic  leaves of 
tree 1 ~ L R  if was not st3atlstically significant. 



TREE PalfJTEO OVFP C O W E L L T € O N  MLTUIX (SC4LfD 0-1001. 
CLUSTEEIYG R l  MINIMUM OISTINCE METHOD. 

VaRIbPLE 
N4WE NO. 

,---------------------------------------------------------f 

P t 1 )  4 2  7 2 / 3 6  52 b6 21 61 72 47 66 31 56  41 41 6 3  4 6 / 5 6 / 5 1  3 7 /  
f  / /  f ---- f f f  f 

NI 4 3) 7 6 / 3 4  27  33 47 u 2  32 33 5R 56  51 61 61 51 5 0 f h S f 4 9  4 5 1  
/ / /  f 

f f /  f 
N r  t & ) I 2 9  2 9  42 30 31 4 2  2 1  4 5  38 SO 52 5 2  54 4 2 f h B f b 2  41f 

f f  f 
----------------------------------------I f f 

C4 . !t 5 )  b5 8 3 ~ 8 2 / 7 1 C 5 1 / 6 0 / 6 0  6 5  6 2  60 50 5 6  6 8 / 6 6 / 5 1  561  
/ / / I /  / f  f 4 

----I / / / / I /  f  
SR #I 1 9 )  9 2 / 6 2 / 7 0 / 8 1 C 7 9 / 5 2  5 3  h5 56 51 6 6  6 5 / 4 3 / 6 6  641  

/ / / / /  / / / '  
/ / / I f  f C  / .  

,I 2 0 ) / 5 6 / h 5 1 A O / ? 3 f 5 9  5 7  72  sH 5 3  71 b 8 f S 2 / b 4  361  
/ / / I  / /  / 

/ / I f  I f  f  
CR ( 1 8 ) / 8 2 f 3 7 / 5 6 / 5 9  6 0  67  57 57 46 6 3 / 6 2 f h l  h 3 /  

f f / f f  f  

I LR)f?2/_BO d 2 / 6 0 / 7 5 / 4 ?  35f 
f  / f f  f 

f  / f f  / 
I 6 1 / 7 3  6 0 / ? 4 / 5 6 / 4 6  3 1 /  

' f f f  / 
----/ / / / 

( 1 6 )  J b i 6 1 / 5 3 / 2 5  2 3 /  . -  

f / / THE..V~,CUES.IN.~THIS W E  HAVE WEEY SCALED ... 
/ / /  f 6CCOROING 1 0  THE FOLLOWING T?HLE 

t l 7 ) / 6 2 f h 7 / 3 9  371 . . 
/ I  f  V ~ L I I E  v a ~ u i :  '- ' - '  

1 f / ' 4HOVE COYPfiLaTlOy ABOVE CORRELITION 
I 1 0 ) / 7 2 / b 3  651 0  -1.nu0 SO 0.000 

/ / 5  . .  -0.900 , 55 3.100 
/ / 10 -0.8IIO 60 0.200 

I 2 I l f 7 2  6f l f  15 -O.?CO ' 6 5  0.300 
/ 20 -0ehOO ( 70 

----/ 0.400 
25 -0.500 ; 75 0.500 

I 71 7 9 /  30 ' -0.600 en [r.hOO 
/ 35 -0.300 85  0.100 

/ 40 -0.260 v u  0.800 
I 1 5 ) /  45 -0.1011 95 0.900 

Fiq. 5. Cluster trees for  the Fe-deficient and green leaves of tree 1. h f t  a e  Fe-chlomtic leaves; 



TREE DRlulElI OVER COWRELATlON MA191E lSC4LEO 0-100). 
CCUSlERING MY MINIMU* OIS14NCE METHOD. 

VAPIPWLE 
N4YE NO. 

-----.--------------------------------'-------------------/ 
D I 2)  73 bS/tV ?R 2R 30 30 38 11 36 21 24 31 22 13 41 43 41150/ 

/ / I 
----/ / / 

Y 0 I 3)  78/ 6 7 I 0  21 I 3  16 23 26 23 2e 25 19 d5 36 45 b7/50/ 
/ / / 

/ / /  ' 

U I 41/25 2.3 32 31 31 ZV 40 01 27 37 2C 35 58 58 54 54/94/ 
/ / 

----------------------------------------/ / 
C L I 5 )  97/95/V2/91/84/86 85/77 7 2 # 7 I  71/79/63/52/55/39/ 

/ / / / /  / I / / / / I /  
/ / I / /  / / / I / / / /  

SP I 19)/04/89/VI/M7/81 HI /@? 75/7b flO/I'4/b0/56/52/b6/ 
/ I / /  / / / / / / / /  4 

/ / I /  / / / / / / / /  
84  t 2OI/BS/B8/'lQ/BL 81/77 74/72 ~017R/61/58/50/37/ 

/ / /  / / / / I . / ( /  
/ / /  / / / / / / / I  

Cl? I 1@)/89/77/@5 87/15 72/61 h@/721b4/53/70/40/ 
/ /  / / / / / / / /  

/ /  / / / / I / / /  
L 1 I i 1 ) / 8 6 / ? 9  78/79 71/hV 70/7Q/73157/4h/*Y/ 

/ / /  / / / / ! /  
/ t. / / / / / / /  , 

M ha 10)/70 7O/lP 74/ht4 7 ~ / 7 1 / b 3 / 5 6 / ~ 1 / 4 ~ /  
- / / / / / / / /  -.... . 

----/ / / / / / / / 
CC I 16) 95/62 6U/h.? h4/7B/50/51/57/37/ 

/ / / / / / / /  
/ / I / / / / /  

N I ( 17)/64 61/65 h6/74/63/53/h4/36/ . 
/ / / / / , /  / 

----/ / / / / / / 
F E I 9 )  95/77 R1/58/58/67/55/69/ 

. . / / / / / / /  
/ / / / / / /  

4L I 12)/73 82/53/58/72/58/43/ 
/ / I / / /  . . .  

----I / / / / / 
CL I & j  84/57/*U/63/41/39/ 

/ / / / / /  
/ I / / / /  

. sh I )3)/53/4B/hl/67/39/ 
. . / / / / /  

/ / / I /  
MG . I 6)/71/52/50/46/ 

/ / I /  
/ / / /  

ZFi I 7)/47/72/43/ . 
/ / /  .. / / /  

Tf I I * l / 4 5 / 4 9 /  
/ / 

/ / 
V . 1 15)/49/ 

/ 

0 ( I t ) /  

VARJ ARLE 
YLME NO. 

-,,--------,-,-----------------------d--------------------/ 

P I 2)  6R 58 6R/26 27 33 24 38 10 35 30 57 57 61 26 17 32 29/51/ 
.... / -. / / . 

-------/ / / 
NA I 3) 83/71/12 12 I 4  19 23  I T  31 26 33 42 42 31 2 1  30 46/46/ 

/ / / / 
. / /  1. / 

t 1 I 141/61/33 29 33 3R 39 37 50 45 35 55 47 37 35 31 40/47/ 
/ -. . . / I . . . .  . . . . . . .  

/ / / 
K ( 61/22 20 32 32 27 38 53 9fl 35 58 35 41 34 33 47/51/ 

/ / 
------;------------------------------------/ / 

I i t  ~ 7 / ~ 3 ? ~ 3 / . 9 ~ i e 7 1 i *  80 /69 /~6 /71 /64  70 6s 4 6 / ~ 0 /  
- . -.. / / . / , , / . / , ,  1 . 1  / / / / 

/ / I / /  / / I /  / / 
I 19)/90/86/88/82/63 7l/77/60/70/06 73 72 52/49/ 

/ / / /  / / / /  / / 
/ / / /  / / / /  / / 

I 20l/81/79/87/76 fl3/65/70/74/61 64 66 47/56/ 
. - . . . . .  . 1 -1.- ./. -/ I-../ -. 1 / / 

/ / /  / / / I  / / 
I 18)/83/81/83 86/57/65/60/60 66 58 b8/58/ 

/ /  Y / / /  / / 
/ /  / / / /  / / 

I 21)/73/63 6V/75/55/72/h2 66 67 51/55/ 
/ / / . / I  -.- -. ..-. / / 

/ / / / /  / / 
I n1/79 81/h0/75/70/59 58 55 37/54/ 

/ / / /  I / 
----/ /. / / /- 1 

I 16) 97/31/64/50/56 57 44 42/59/ 
.. 1 / / . . /  ...- . . . . . . .  . I .(. 

/ ' -/ '/ / i / 
t 17)/3?/63/59/63 64 52 47/59/ 

/ / / / 
/ / /  / / 

I 71/57/66/51 50 64 4fl/54/ 
/ / / / 

. I  / / / 
I I l ) / h V / 3 0  32 29 21/49/ 

/ / / 
. /  / ' /  

I 1n)/c3 43 48 3 1 / c w  
1 / ~!HE...VP~CUES~Jfl-.1~15-1UE'-HIIVE .@€EN SCALED 

----------/ 1 8CCOROlNG 10 THE FOLLOWING TIBLE 
I PI  55/05 90/4?/ -- . . 

/ / /  VbLUE VALUE 
/ / ' AMOVE , CORRELnllON AHOVE CMIRELAf ION 

I I3 I /A5  Hl/4h/ 0 -1.noo 50 . o'.ooo 
/ / 5 . -O.?OO.. .. 55 0.100 . .  

----/ / 10 -0.900 60' r.200 
( 9 )  90/5h/ 15 -0.700 65 0.300 

/ / 2 0 -0.600 70 0.400 
/ f 25 -0.500 . 75 0.500 1 

I 12)/6Cf 30 -0.400 80 0.600 
/ 35 -0.300, 85 0e700 

/ 40 -0.ZUO 90 0.800 
( 151/ 45 -0.100 95 0.900 

Fig. 6. Cluster trees for the m-deficient and green leaws of tree 2. L e f t  are Fk-chlorotic leaves; 
right a m  green leaves. 



Ehcept f o r  Fk x T i  in tree 2 f o r  green leaves, there were sig- 
nif icant  positive correlations f o r  Fe x m, F'e x S i  and Fk x Ti.  
Possitive correlations m n g  these elauents are considered as  evidence .- 

that leaf  washing was inadequate (Wallace et al. 1980) . The present 
leaves =re carefully washed but the correlations show nevertheless. 
The departure of Fe x Ti  fo r  one set of leaves may indicate adequate 
leaf washing. In the previous study cited, acid washing and rubbing . - 

of the leaves w i t h  cheesecloth did not m v e  the  positive Fe x A l  
relationship. 

I t  is of mnsiderable interest that some major mineral el-t 
relationships t h a t  occur f o r  Fk chlorosis (P x K ,  K x Ca, etc.) 
obviously hold reasonably w e l l  f o r  individual leaves even though 
the frequency distr ibut ion shaws 3 or mre fold variations in leaf 
concentrations of individual elen-ents a s  sbwn in the histograms. 

I n  Figures 5 and 6 are cluster  trees showing possible relation- 
ships m n g  e lawnts .  The so-called dust elements tend to group 
together even w i t h  washing (Wallace e t  al. 1980) . Sam of the  
relationships s h m  for  aorrelation meff ic ients  are indicated in I 

the c lus ter  trees. 
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