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OBJECTIVES 
1. QuantifY the nitrate pollution potemial of the various 

nitrogen fertilization strategies. 

2. IdentifY the threshold rate of nitrogen fef(ilization above 

which the pollution potential increases. 

3. Evaluate the potemial for replacing the April double dose 

or triple dose of soil nitrogen with foliar nitrogen. 

4. Provide a ratio of enhanced-yield benefit to environ
mental COSt for each nitrogen fertilization strategy. 

5. IdenrifY BMP's for nitrogen fef(ilization for the 'Hass' 

avocado in California. 

DESCRIPTION 
To protect the groundwater from potential nitrate pollution. 
'Hass' avocado growers in California divide the total annual 

arnoum of nitrogen (56-168 kg.ha-!) imo six small soil ap

plications made during the period from late January to early 
November. The lack of research data raised the question of 
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whether 'Hass' avocado yield was being compromised by this 

fertilization practice. In a previous study, Lovatt (2001) ad

dressed the question of whether yield of 'Hass' avocado could 

be increased by doubling the arnounr ofN curremlyapplied 

during specific stages of tree phenology. The control in this 

experiment was the practice of annually applying N as 

NH4N03 at 168 kg.ha'! (168 trees/ha) in six small doses of 

Nat 28 kg.ha'! in January, February, April, June, July, and 

November. From these six application times, five were se
lected on the basis of tree phenology and additional N as 

NH4N03 at 28 kg.ha'! was applied at each time for tmal 

annual N of 196 kg.ha'!. Two phenological stages were 

identified for which N application at 56 kg.ha' ! in a single 

application (double dose ofN) significantly increased the 

4-year cumulative yield (kilograms fruit per tree) 30% and 

39%, respectively, compared to control trees (PSO.OI). In 

each case, more than 70% of the net increase in yield was 
commercially valuable large size fruit 078-325 g/fruit). The 

two phenological stages were: when shoot apical buds have 

four or more secondary axis inflorescence meristems present 
(mid-November); anthesis-early fruit set and initiation of the 

vegetative shoot flush at the apex of indeterminate floral 
shoots (approx. mid-April). When the double dose ofN was 

applied at either of these two stages, the kilograms and num

ber of large size fruit averaged across the 4 years of the study 

was significantly greater than the control trees (PSO.OI). 

Averaged across the 4 years of the srudy, only the November 

treatment increased yield compared to the control trees 
(PSO.05). Application of the double dose ofN at flower 

initiation Qanuary) , during early-stage gynoecium develop

ment (February), or during June drop had no significant ef

fect on average or cumulative yield or fruit size compared to 

control trees. Application of the double dose ofN in April 

significanrly reduced the severity of alternate bearing 

(PSO.05). Yield was not significantly correlated with leaf 

N concentration. Time and rate ofN application are factors 
thar can be optimized to increase yield, fruir size, and annual 

cropping of'Hass' avocado. When the amounts ofN applied 

were equal (196 kg.ha' !), time of application was the more 

important factor. You may receive a copy of this paper by 
e-mailing your request to me at <carol.lovatt@ucr.edu>. 

To determine whether the results obtained in the previous 
study, which was conducted in Temecula, could also be ob

tained with a differem soil type and location, this research, 
including objectives not covered in the first experiment, is 
being repeated in a new orchard in Somis, representing the 
soils and climate of the northern avocado growing area. The 

new Study also includes additional application times based 

on the discovery by my lab. that avocado trees transition 
from vegetative to reproductive growth at the end of July-
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Table 1. Effect of nine nitrogen fertilization strategks applkdApril1997 to January 19991 on the ykld of 'BlISS' 
avocado harvested in 1998 aad 1999. The applications were made for an "on" year.z 

1997-99 1997-98 1998-99 
~W Ibs.jmitl /hs·fruit! 

Trtlltmmt'" Ibs. NIIlC1'f "" "" 
2x N in August (all years) 40.0 73.6 a~ 37.8 

Grower ferti lization practice 42.5 70.7 a 40.1 

2x N in November (prior to "on" years) and April ("off" years) 40.0 68.1 a 40.5 

lx N in November (all years) 40.0 62.3.b 44.6 

Comrol 80.0 58.8 ab 49.4 

2x N in April and November (no N in February and June) (all years) 80.0 58.8 ab 32.8 

2x N in April ("off" years) and 3x N \on" yean) 60.0 58.6 ab 48.5 

2x N in April (all y<anl 40.0 56.8 ab 42.1 

2x N in April ("off years) and 3x N ("on" years) applied foliarly 100.0 42.3 b 44.6 

P-value 0.06 NS 

'Values in a venical column followed by different letters are signi6camly different at the specified P 1<:vc1 by Duncan's Multiple Range Test. 

yGI'OWI:f's feniliz;u ion pr.u:tice is 40 Ibs. N as munollium rlluatei:.tcre split as two applic:uions in July and in August for all years of me a.:periment. 

me time of Irt:nmenl applications is based on me following phenological events: I) April- anmesis, fruit set and initiation of the spring V~tlI.rive !lush; 2) August - inAorescentt 
initiation; 3) November - end of the fall vegetative flush and beginning of flower initiation. 

beginning of August (Salazar-Garcia et al., 1998). The 
research also integrates the results of a previous 2-year long 
study we undertook with funding from the CDFA FREP 
program. The results of this CDFA project provided evi-

dence that foliar N fertilization was successful in increasing 
yield when urea was applied at the time the leaves of the new 
flush were 66% to 100% fully expanded but not hardened. 
So our current project includes both irrigation and foliar ap-

Table 2. Effect of nine nitrogen fertilization strategks initiated in January 19991 on the average number of 
in/Wrescences per sylJeptic shoot in spring 2000 aad on ykld of 'Bass' avocado harvested in 2001. The applications 
were made for an {-On" year.% 

2x N in August (all years) 

Grower feniliz:t.tion practice 

2x N in November (prior to "on" years) and April ("off" years) 

2x N in November (all years) 

Conuol 

2x N in April and November (no N in February and June) (all years) 

2x N in April ("off" years) and 3x N ("on" years) 

2x N in April (all years) 

2x N in April ("off years) and 3x N ("on" years) applied foliarly 

P-value 

2000-2001 
/hs. fruit! 

"" 
179 ab 

181 ab 

201 a 

202 a 

169ab 

178 ab 

199a 

209. 

150 b 

0.10 

zYaluc:s in a vertical eolumn followcQ by different letters are significamly different at me specified Pkvd by Duncan's Multiple Range Test. 

AumIgr numlxr 
ofinflortKnltts 

ptr slmt 

2.20 c 

4.36 abe 

4.68 abe 

3.16 be 

3.85 abe 

4.50 abe 

5.25 ab 

3.65 ,be 

6.15a 

0.06 

rGrower's fertilization practitt is 40 lbs. N as ammonium nilratelacr~ split as two applications in july and in Auguu for aU years of the aperimem. Since january 1999 control trees receivnl 
125 lbs, N 3$ ammonium nitrate/acre, divided into five, 25 lbs.lacrc applications I1l3de in mid-january, mid-April, mid-July, mid-August, 3lld mid-November. Ttees in 311 other treatments 
received 125 lbs. N/acrc applied as 2N_40lbs.lacre or 3N=60lbs.lacre in the months indicated. The tOW N applied in any treatment is 125 lbs./acre: the anloum ofN applied in orner 
months is reduced 10 compensate ror the extra N applied in the momh(s) specified for the treatment. 

tllte tilTK' of ttca.rmem applications is based on the fOllowing phenological e-vena: I) April - anthcsis. fruil.sct and initiation of the spring vegetative flush; 2) August - inflo=nee 
initiation; 3) November - end of the fall vegeruive £lush and beginning offlowcr initiation. 
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plied nhrogen applications. Foliar applications are made {Q 

simulate helicopter application. We are also testing different 

nitrogen fertilization strategies that are designed specifically 
for "on" and "off" years to even ou[ alternate bearing and in

crease cumulative yield. To understand the mechanism by 

which nitrogen fertilization influences alternate bearing. we 

are quantifying the effect of the nitrogen treatments on the 

quantity of sylleptic and proleptic shoots produced, the 

growth of each shoot type and the productivity of each shoot 

type. Basic information about the relative productivity of 

sylleptic vs. proleptic shoots is not only important for opti

mizing fertilization but is also fundamental ro pruning 

practices. Our prior research was the first (Q consider tree 

phenology and crop load in the fertilization of the 'Hass' 

avocado and our current project is the first (0 use nitrogen 

fenilizarion as a tOol (Q control alternate bearing. 

RESULTS AND CONCLUSIONS 
The results of the first harvest (I 997-98) clearly demon

strated that the time of N fertilizer application is more im

portant than the amoum ofN that was applied (Table I). 
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H owever, the rates ofN applied that year were incorrect 

(Table I). The error was corrected starting in January 1999. 

Henceforth, all treatmems received 125 1bs. N/acre. Yields 

for the subsequent 1998-99 and 1999-2000 harvests were 

compromised by rhe freeze of December 1998. N treatments 

had a significant effect on both the number of inflorescences 

produced and the fruir set on sylleptic shoars ragged Januaty 

2000 and 2001 (Table 2). Time ofN application had a sig

nificant effect on yield for the harvest of2000-01 (Table 2). 

The best rceatments were all due to exrca N applied to the 

soil in November or April. These results are consistent with 

me results of our earlier research conducted in Temecula. Fo

liar application of urea in April was nOt effective. Harvest 

data for additional years is needed to confirm the results ob

tained in 2001. 
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