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Deficiency of mirronutlients ill citrus 
trees is an itnpc,rtant problem in central 
and southcrtl Califorrria orchards. 

Sex era1 reports indicate that continued 
hea \ \  applications of nitrogen fertiliscrs 
may change the micronut r i~n t  nutrition 
of citrus tlees. 'Thetefore. a long-tcrnr 
expet iment I+ as started in  1950 to ex alu- 
atc the effects of t w o  levels each of nitl o- 
gerr- -among o thw frrtili7ers-on ield, 
fruit sise a d  qualitj .  tree g r m  th. and 
chemical cotnuosition of l e a p s  of Valctr- 
cia orange trees. The exprriment Itas 
conclucted in noltlrrrrr Salt Diego Count\ 
in an orchald ~ h i c h  is on acid soil. xion- 
tilleil, and sprinkler irrigated. Wceds 
undcr thc trees n e r e  controlled with oil 
and other chemical hcrhicitles. 

1 reatments 
\ i t [  ogen I\ as  suppliccl ill one applic a -  

tion per ) car. For  e\  aluation of nitrogcn 
effects on thc m i c ~  onutr icnt conccntr a-  
tiorr in Valencia orange lea\ m. fix e trcat- 
ruerrts writ selected: I ,  n o  ~ r i t ~ o p e n ;  2, 
( \ to  poixnds of actual nitrogc.r~ per tree 
anrruallj frorn 1950 to 1950 and 1.5 
lx>urids nit1 ogen ilr 1957 f t  om arnmo- 
rriurrt sulfate: i, qatrrt, amounts of nitro- 
gen from calcium nitratt.: 4, same 
ar~rourrts of nitrogen frorn a~rimonium 
nitrate: and 7. txt o l)ountls nit1 ogrn pel 
t~ec, annuall) from itcer manure. I q h t  h 
t~ra t tnen t  \+a% red i t  ated fi\c tiin?? in 
tno-ttee plot%. The c ~ ~ e r i m c t r t a l  orchai il 
received an annual lnaintenance applica- 
tion of 7inc and mangancw in the late 
bummer or the earl\  fall e w e p t  in 19-37 
I+ hen neithc,r ~ i n c  nor manganese % a s  
apl)lied. 

Leaf sarnples for micronutrient cherni- 
cal analysis were obtained in August 
1956 and Scptcrnher 1957. prior to the 
~ i n c  and manganese maintenance s p a \ .  
Each sarnplc consisted of 20 spring-cy cle. 
full) developed Valcncia orange leaves 
£1 om nonfr uiting shoots. The lcaves from 
thc t\$o treatment trees in the plot Mere 
cornposited and included 110th leaf pe- 
tioles and I)lacles. 

Results 
Leal es from Valencia orange trers that 

r ewi\ ed arnmoniutlr sulfatc or amnio- 
~t iuni  nitrate contained rnorc niangatrese 
than the leaves fronl the check trecs o r  
the leax es from trees that tetei\ctl  cal- 
cium nitrate. 

H m e l e r .  therc was not an) dif'frrencc 
i r ~  the tnanganese i~oncer~tration in the 
Ira\ es hetw eeri ammonium sul fatc and 
a l ~ i ~ ~ i o n i u r ~ r  nitrate treatments. Thus. f r r -  
tili/er treatnients wntaining ammotiiaca] 
nittogen rreultecl in sipnificantl) niole 
Irianganeic, in  he lcaves tharr the check 
or calcium nitrate treatrncnls. All bee 
sourcei: of nitrogcn t e s ~ ~ l t t d  in a louer  
])or on con( rnttation in Val(,ncia or'lnge 
l e a ~ e s  tharr the chrv k. Therr. were no sig- 
nilrc ant ditfer enws  in thc cffects of the 
three sources of nitlogen. Zinc. copper. 
and iron concentrations were uriafkcted 
13) nitrogcn treatments i t 1  this expcri- 
mrnt.  

I n  the cxperin~erital nontillecl orchard. 
application of two pounds or actual rii- 
tr ogcm prr tree annual11 from steer 
Inatlure rt~iultec-l in less copper a ~ r d  nlan- 
g a w s e  and more horon in the l e a ~ e s  than 
qirnilur atnounts of nitrogen applictl ati- 

Effects of Nitrogen Fertilization on Micronutrient Concentrations 
in Valencia Orange Leavesi' 

- - -  

Parts per million in  dry leaves' 

Source of Nitrogen') Zinc Copper Manganese Boron Iron 
(Zn) (Cu) (Mn) (B) (Fe) 

Check . . . . . . . . . . . . . . . . . . .  34.0 8.91, 31.1:, 95.4, 83.2 
Ammonium sulfate . . . . . . . .  33.2 8.11) 58.5,, 76.0,, 90.8 
Calcium nitrate . . . . . . . . . . .  32.3 7.91, 32.3,, 77.0,, 86.8 
Ammonium nitrate . . . . . . . .  32.7 8.51, 53.0,, 73.3,, 90.2 
Nitrogen from steer 

manure . . . . . . . . . . . . . . . .  29.3 6 ~ 1 . ~  34.6,, 89.9, 90.2 
F valve R15 * * * * * * NS . . . . . . . . . . . . . .  

:I NS indicates that differences between means are not significant. 
* *  F value significant a t  the 1% level or higher. 
'1 Subscript letters a and b after values indicate statistical populations. Mean values are statis- 

tically different from each other if they do not have a common srrbscript letter in a column. Com- 
mon subscript letters after values in a column indicate thot the differences between means are not 
statistically significant. 

Mean of two years, except for values for iron which represent 1956 dota, 

nuall, from ammoniut i~ nitrate. The /in( 
and iron concentrations were unafrected 
hy nitrogcn treatment, regarclless of the 
s o u ~ c e  or nitrogen used. The b o ~ o n  in 
the sterr rnanure ma) pal t l j  account for 
the increase of b o ~ o n  in the leaves of trees 
treated with steer nlaxrure. Hone \  cr. ni- 
t ~ o g e n  in the leaves of the manure-t~cated 
trees was much lowm than in the leaxes 
of trcrs tcceiving amrnoniurn nitrate. 
r 1 Ilrus the coniparati\ el) high nitlogen in 
the ammonium nitrate-treatcd t l w s  ma! 
hc associated with  he higher rriangalrese 
anti lover  horon ronccnttations irl the 
Ieax es. 

Complicated Effects 

Soil applicatior~s of 11it1 ogen fertiliwls 
h a l e  complicated cffects on the n l ic~onu-  
t I ient concentration in \'dencia orange 
Iva~es .  / lpp l \ ing  annnoniuni sulfate and 
arnrnoniurn nitrate to Wakencia orange 
t r t w  not on11 increases the nitlogen in 
the plant tissue. but also rtduces direct11 
or  inclircctlq thc horon arrtl itrcreaws the 
tnangarwse concent~at ions in the Icales. 
On the other hand. appl j  in;: an equi \a-  
Icnt a ~ ~ r o u n t  of t ~ i t r o g ~ r t  as a manure 
r-nulch to Valenria orange tlecs i i  asso- 
ciated with a decrease in manganese and 
copper. and an increase in I)oron (oncwi- 
11 ations in  the lea\ es. 

It has  hcen ot)scvved that Ilea\ I rritro- 
gcn applications to citrus trees o \e r  a 
p 1  iod of J ears m a j  induce /in( defi- 
&nc\ patterns in c~itrus l e a ~ c s .  l h e  re- 
sults of these studies suggest that whcir 
rinc mainteuancc spray applications are 
applied annuallj .  nitrogcn lertili/crs (lo 
not ha\(, an\  deleterious effect on the 
rinc concentratiotr in \/alcncia orange 
lcaves. 
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