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Introduction

Almond is grown on 0.74 million acres (0.3 million ha) in California and the production area is
increasing (Almond Board of California, 2008). Currently nutrient management in almond is
based on the Critical Value concept (Brown and Uriu, 1996). Critical Value (CV) represents the
leaf nutrient concentration of a standard leaf sample at which yield is equal to 95% of maximum
yield. (Ullrich and Hills, 1990). Ideally, CV’s are established in carefully controlled experiments,
in which the relationship between yield and nutrient concentration is closely monitored. In
almond the majority of CV’s have been determined on the basis of visual symptoms, not based
on yield reduction (Beutel et al., 1978; Brown and Uriu, 1996). Yield-based CV’s in Almond are
only available for nitrogen (Uriu, 1976 and Weinbaum et al, 1990), potassium (Meyer, 1996;
Reidel et al, 2004) and boron (Nyomora et al, 1999). Weinbaum (1990) suggested that a critical
nitrogen leaf value of 2.3% in July non-fruiting spur leaves is likely adequate for Almond. Under
the productivity levels in the experimental orchard in this study, 250 lbs of N per acre, applied
during growth and nut formation in Almond appeared to be adequate.

The CV approach provides only an indication of adequacy or deficiency at a single point in time
but does not provide any specific information on the appropriate rate or timing of fertilizer
applications. The CV approach is thus inadequate for nutrient management in high value crops
like almond. An alternative approach that has been widely used in high value crops, uses
knowledge of crop growth and development to derive nutrient demand curves that guide the
quantity and timing of fertilizer applications. Nutrient budgets have been developed for corn
(Karlen et al 1988), cotton (Halevy et al 1977), tomato (Huett 1986) and others.

The goal of this research was to develop a phenology and yield based nutrient model for
Almond. The trial also aims to develop fertilizer response curves to relate nutrient demand with
fertilizer rate and nutrient use efficiency. Nutrient use efficiency of various commercially
important N and K fertilizer sources will be determined, and integrated best nutrient management
practices for almond will be developed. Since tree crops require a long term research approach,
this experiment will be conducted for 3-5 years. Here we are presenting preliminary results from
the first year.

Materials and methods

The experiment was established in a commercial almond orchard at Belridge, Kern County,
California under fan jet and drip irrigation systems. Each of the 12 treatments were applied to
five or six blocks with 15 trees per block. The treatments consist of four rates of nitrogen (140 kg
N ha™, 224 kg N ha™', 308 kg N ha™ and 392 kg N ha™), supplied as two commercially important
sources of nitrogen (Urea Ammonium Nitrate 32% [UAN 32] and Calcium Ammonium Nitrate



17% [CAN 17]). Potassium was applied in three rates (112 kg K ha, 224 kg K ha™ and 336 kg
K ha™') and supplied by three sources of potassium (Sulphate of Potash [SOP], SOP + Potassium
Thiosulphate [KTS] and Potassium Chloride [KCI]). 60% of the potassium in K rate treatments
was applied as SOP in early February, while the remaining 40% was applied as KTS in four
fertigation cycles. Nitrogen was also applied in four fertigation cycles with 20%, 30%, 30% and
20% of total nitrogen supplied in February, April, June and October, respectively. Fifteen trees
and their immediate 30 neighbors, over three orchard rows, were treated as one experimental
unit. All data were collected from six trees in the middle row. A total of 768 experimental trees
were selected for this experiment. Leaf and nut samples were collected from individual trees in
April, May, June, July, August and October. A total of 5400 leaf and nut samples were collected
and analyzed for N, P, K, Ca, S, Mg, B, Zn, Cu, Mn and Fe at the Agriculture and Natural
Resources (ANR) Laboratory at the University of California Davis. The crop was harvested in
August and individual tree yields were determined for all data trees. Two kilogram samples were
collected from each replicate to determine crack out percentage and oven dry weight. Twenty
nuts were collected at harvest from each experimental tree to determine the ratio of kernel to
shell/hull and the partitioning of nutrients.

Results

The accumulation of Nitrogen, Phosphorus, Potassium, Calcium, Magnesium, Zinc and Boron in
the fruit for different rates of N increased over the season is shown in figure 1.

Nitrogen

Nitrogen accumulation in the fruit was positively correlated with nitrogen supply at all sampling
dates. At 30 DAFB 100 kg ha™ N was accumulated for N rate 140 kg ha, 109 kg ha™ for N rate
224 kg ha' and 308 kg ha”, while 124 kg ha' N was accumulated for N rate 392 kg ha™.
Nitrogen accumulation increased in all treatments and was maximal at 136DAFB. Between 136
and 165 DAFB (harvest), however, total fruit N accumulation declined for all N rate treatments
suggesting that N in fruit had been remobilized back to the tree.

Phosphorus

Phosphorus exhibited an annual trend that resembled nitrogen and increasing nitrogen supply
also increased phosphorus uptake. All treatments also exhibited a small but significant decline in
P concentrations between 136 and 165 DAFB (harvest). This pattern of pre-harvest decline was
observed with N and P but not with any other element.
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Fig 1. Nitrogen, Phosphorus, Potassium, Calcium, Magnesium, Zinc and Boron uptake by
almond fruit from nitrogen rate treatments

Potassium

Potassium accumulation in the fruit increased with growth (fig 2). K uptake from K rate 224 kg
ha and 336 kg ha' was similar during the season except at 165DAFB (harvest). Fruit K
accumulation increased from 70.5 kg ha”' at 30DAFB to 184 kg ha” at 165DAFB for K rate
112 kg ha™', while for K rate 336 kg ha” K accumulation increased from 77 kg ha” at 30DAFB,
to 208 kg ha™' at 165DAFB.
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Fig 2. Potassium uptake by almond fruit from potassium rate treatments

Fruit Nitrogen Concentration

Fruit nitrogen concentration declined overtime for all N rate treatments (Fig 3). Maximum fruit
N concentration was observed at 30DAFB and minimum N concentration at 165DAFB (harvest)
for all N rate treatments.
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Fig. 3. Nitrogen concentration of Almond overtime for N rate treatments. In box plots, the
central line is the median of the distribution, the edges of the boxes are the 25% and 75%
quantiles, error bars, represent the 10% and 90% quantiles, and all points are outliers.

Yield

Crop yield varied substantially throughout the orchard. Even though this experiment was only
established in spring 2008, nitrogen treatments had a significant effect on crop yields in year 1 of
the experiment (Fig. 4). Maximum fruit yield (12,800 kg ha'- total dry fruit weight) was
obtained from the highest N treatment (392 kg ha'l), while minimum yield (11,500 kg ha'l) was
obtained from the lowest nitrogen treatment (140 kg ha™). The effect of the K rate treatments on
fruit yield was not statistically significant.
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Fig 4. Effect of different nitrogen rates on almond yields at Belridge, CA in 2008. In box plots,
the central line is the median of the distribution, the edges of the boxes are the 25% and 75%
quantiles, error bars, represent the 10% and 90% quantiles, and all points are outliers.

Discussion

Results from a single year of experimentation should be interpreted with care as treatment effects
may not be fully established and multi-year effects cannot be discerned. Increasing nitrogen
supply, however, significantly increased fruit yield and nitrogen concentration in the plant tissues
and these differences existed between treatments at all sample dates. Trends in nutrient
concentrations and fruit accumulation were evident early in the season and persisted throughout
the year and may imply that early season sampling may be useful in monitoring of tree nitrogen
demand. Nitrogen and phosphorus accumulation was highest at 136 DAFB and then decreased at
harvest suggesting that N and P moved from the fruit to the shoot during nut maturation. The
resorption of N and P was high for the lowest N rate (140 kg ha™') suggesting that relative tree
demand can influence N resorption. Resorption of phloem mobile nutrients from fruit back



toward tree woody structures has not, to our knowledge, been previously recorded, this effect
was not seen with K, Ca, Mg and Zn.
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