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Objectives: (1) To evaluate the effects of different nitrogen rates applied 
at two water levels on growth, nutrient concentrations in leaves and twigs, 
and nut yields of almonds. (2) To assess the extent of soil acidification 
from nitrogen application under drip emitters. (3) To develop recommenda
tions for nitrogen, irrigation and soil management for use in the estab-

---1~-srr~~rrt--or-~~mond orc~aJLds-.----------------------------------------------------- ------

Interpretive Summary: Drip irrigation has a dramatic influence upon the 
rooting pattern of trees. Because of the confined soil area from which the 
tree roots must take up both water and nutrients, this situation offers 
opportunities and potential problems. Numerous applications of fertilizer 
injected into the drip irrigation system throughout the growing season pro
vide a way to maximize the utilization of plant nutrients and water. The 
high concentrations of some fertilizers, such as the ammonium form of 
nitrogen, may result in an undesirable plant root environment. The low pH 
created may bring into solution sufficient levels of manganese and aluminum 
to reach toxic proportions. In addition to following nutrient concentrations 
in leaves to monitor the nitrogen status of trees, early dormant season twig 
samples may provide an effective and more desirable time for growers to 
develop fertility management strategies. 

The orchard was planted on the Nickels Estate Ranch in the spring of 
1981 to three almond varieties-Butte, Carmel and Nonpareil. In the spring of 
1982, five-5 tree plots were selected from each of the four-28 tree rows of 
each variety to which the two replications of the ten treatments were assig
ned. The ten treatments included two water levels-0.6 and 1.0 of evapotran
spiration (ET) each with five nitrogen rates-O, 0.5, 1.0, 1.5 and 2.0 ounces 
per tree in 1982; 0, 0.8, 1.7, 3.5 and 7.0 ounces per tree in 1983; 0, 2, 4, 
8 and 16 ounces per tree in 1984; and 4, 8, 16, 24 and 32 ounces per tree in 
1985. The lowest rate of nitrogen was increased to 4 oz N/tree because 
severe twig tip dieback was observed in the trees receiving no nitrogen. 
Urea is the nitrogen fertilizer source. The 1.0 ET irrigation level is based 
on climatic data and visual observation to maintain active tree growth. The 
0.6 ET treatments receive 60% of the water quantity of the 1.0 ET treatments. 
In 1982 and 1983 the lower two nitrogen rates were split into thirds and 
applied three times during the season (60 day intervals) while the two higher 
rates were split into fourths and applied four times during the season (40 
day intervals). All rates of nitrogen were split and applied 4 times during 
the season in 1984 and 5 times in 1985. All nitrogen application regimes 
begin on April 1st and end on August 1st. 

dhunter
Typewritten Text
Project Number:  85-Q4

dhunter
Typewritten Text

dhunter
Typewritten Text

dhunter
Typewritten Text

dhunter
Typewritten Text



Almond meat yields during 1984 (fourth season) ranged from about 400 to 
slightly over 1800 pounds per acre (12' X 18' spacing, 202 trees/A). It 
should be noted that the weather in the spring of 1984 was very favorable for 
attaining high yields. The three varieties responded somewhat differently 
with the Nonpareil having the same yield level for the 1.0 and 0.6 ET irri
gation treatments and an increase from about 700 to 1400 pounds meats per 
acre for the 0 to 16 ounce per tree nitrogen rates. The Carmel variety had 
nearly the same average response to nitrogen but showed a markedly greater 
response to nitrogen at the 1.0 ET irrigation level (approx. 1700 at the 16 
oz N/tree rate). The Butte variety showed a constant yield difference between 
the two irrigation levels at all rates of nitrogen with the 1.0 ET treatment 
averaging about 200 pounds more meats. Also, the 8 and 16 ounces N/tree 
rates gave nearly the same yields, and the highest yields at the 1.0 ET level 
were approximately 1300 pounds meats per acre. 

The 1985 or fifth season almond meat yields ranged from about 400 to 
just under 2900 pounds per acre (12' X 18' spacing, 202 trees/A). As in 
1984, the weather in the spring of 1985 was quite favorable for a good set 
and early nut development. The three varieties had very similar responses to 
the water treatments in that yields were 200-400 pounds greater for the 1.0 
ET level. The Carmel and Nonpareil varieties had similar patterns of 
response to added nitrcigen, but at slightly different yield levels. Yields 
ranged from 500 to 1700 for Nonpareil and 1100 to 2300 for Carmel for the 4 
oz and 32 oz nitrogen rates (Figure 1-2). The Butte variety indicated a 
trend for yields to increase up to the 24 oz N/tree rate but very little more 
at the 32 oz rate (Figure 3). 

Bloom and set data taken in 1985 show an increase with increasing water 
and applied nitrogen. Figure 4 indicates the greater bloom count and yield 
as nitrogen rates are increased from 4, 16 and 32 oz/tree. Bloom count and 
yield increases associated with the 0.6 and 1.0 ET drip irrigation levels are 
given in Figure 5. It would appear that water is a limiting factor since the 
lower water level reachs a maximum yield of about 1900 pounds meats/A with 
6000 blooms/tree and yields do not increase even when bloom counts go up to 
lO,OOO/tree. 

Kernel weight as a percent of hull plus shell plus kernel in 1985 for 
the three varieties is given in Figure 6. It is interesting to note that the 
relative weight of the kernel is increased by approximately 10% as the 
nitrogen rate increases from 4 to 32 oz/tree. Nearly the same increase is 
recorded in the three varieties for the kernel weight as a percent of shell 
plus kernel across the nitrogen rates (Figure 7). 

Total nitrogen concentrations in leaf samples showed a slightly differ
ent trend in 1985. Whereas in both 1983 and 1984 the April concentrations 
were the same for all nitrogen and water treatments, the April 1985 levels 
were slightly higher for the 24 and 32 oz/tree nitrogen rates and generally 
higher at all nitrogen rates for the 0.6 ET water level. Initial total 
nitrogen levels in 1985 were 2.7% as compared to 2.2% in April 1984 and 3.7% 
in 1983. As in previous years, increasing nitrogen concentrations were 
observed following the differential nitrogen rates applied. 

To more thoroughly characterize soil pH and other parameters under the 
drip emitters, one quarter of the sphere below the point of water entry into 
the soil was sampled as 3" X 3" X 3" cubes. These samples were taken in the 
3" increments from an area 21" by 21" from the injection point and to a depth 
of 18" from the control and 30" from the highest nitrogen rate treatments. 
Laboratory analysis of these samples has not been completed to present at 
this time. Data from preliminary samples taken last year indicated dramatic 
lowering of pH levels immediately under the point of emitter discharge. 
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Concurrent with the soil samples, manganese concentrations in leaves collec
ted on October 8, 1984 show a trend of increasing levels, particularly at the 
highest nitrogen application rate (Figure 8). 

Experimental Procedure: The orchard was planted on the Nickels Estate Ranch 
in the spring of 1981 to three almond varieties-Butte, Carmel and Nonpareil. 
In the spring of 1982, five-5 tree plots were selected from each of the four-
28 tree rows of each variety to which the two replications of the ten treat
ments were assigned. The ten treatments included two water levels-0.6 and 
1.0 of evapotranspiration (ET) each with five nitrogen rates-O, 0.5, 1.0, 1.5 
and 2.0 ounces per tree in 1982; 0, 0.8, 1.7, 3.5 and 7.0 ounces per tree in 
1983; 0, 2, 4, 8 and 16 ounces per tree in 1984; and 4, 8, 16, 24 and 32 
ounces per tree in 1985. The 1.0 ET irrigation level is based on climatic 
data and visual observation to maintain active tree growth. The 0.6 ET 
treatments receive 60% of the water quantity of the 1.0 ET treatments. Urea 
was used as the nitrogen fertilizer source. In 1982 and 1983 the lower two 
nitrogen rates were split into thirds and applied three times during the 
season (60 day intervals) while the two higher rates were split into fourths 
and applied four times during the season (40 day intervals). All rates of 
nitrogen were split and applied four times during the season in 1984 and five 
times in 1985. All nitrogen application regimes begin on April 1st and end 
on August 1st. Bloom and set count data was recorded on index trees and 
estimated for all plots. Index tree measurements included taking final nut 
harvest weights. Leaf samples were taken from each of the 60 individual 
plots each month beginning April 1st and ending October 1, 1982 or November 
1st in 1983, 1984 and 1985. Twig samples were taken once during the December 
1981-January 1982 period, three times during the December 1982-January 1983 
period and two times during the December 1983-January 1984 and December 1984-
January 1985 periods. Only moderate pruning was carried out after the first 
growing season with much more severe pruning at the completion of the second 
season. Only minor pruning was carried out after the third (Dec 1983-Jan 
1984) and fourth seasons (Dec 1984-Jan 1985). Leaf and twig samples were 
analyzed for total, nitrate, and ammonium nitrogen, total phosphorus, potas
sium, calcium, magnesium and selected sample dates were chosen for micronu
trients-zinc, manganese, copper, iron and boron. Tree 'trunk diameters were 
recorded during January of 1982, 1983, 1984 and 1985 to calculate the change 
in cross-sectional area for the five tree plots. 

Results: Visual observation of the orchard indicated that tree leaf color 
was good during most of 1985. The small amount (4 oz) of nitrogen on the 
previously unfertilized control was sufficient to greatly improve leaf color 
and new shoot growth. Even with the relatively good bloom and nut set the 
trees maintained fairly good leaf color at the intermediate nitrogen rates 
with the higher rates exhibiting very dark green leaf color. At the 24 and 32 
oz nitrogen rates, leaf tip (approximately 3/8 inch) necrosis or death was 
observed from April 15 (2 weeks after first nitrogen application began) until 
leaf drop. In previous years the zero and two lower nitrogen rate treatments 
showed yellow-green leaf color while the two higher rates had very dark green 
color. The difference in color between nitrogen treatments was more dramatic 
in 1984 than 1983 or 1982. This would be expected with the higher rates of 
nitrogen applied for the second and third year as compared to treatments 
receiving little or no nitrogen. In addition, the very favorable weather in 
the spring of 1984 provided for an extremely large set and developing nut 
yield which served as a nitrogen sink. Treatments receiving the 0.6 ET water 
level showed some leaf wilt indicating plant moisture stress during the 
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latter part of the growing seasons. 
Although nut yields were recorded after the third season of growth 

(1983) the small and erratic nature of these yields was not related to 
applied treatments. During 1984 however, the very favorable weather in the 
spring provided for a large set and the development of high meat yields. The 
fourth season meat yields ranged from about 400 to slightly over 1800 pounds 
per acre (12' X 18' spacing, 202 trees/A). The three varieties responded 
somewhat differently with the Nonpareil having the same yield level for the 
0.6 and 1.0 ET irrigation treatments and an increase from about 700 to 1400 
pounds meats per acre for the 0 to 16 ounce per tree nitrogen rates. The 
Carmel variety had nearly the same average response to nitrogen (about 800 to 
1500 pounds meats per acre), but showed a markedly greater response to 
nitrogen at the 1.0 ET irrigation level (approx. 1700 at the 16 oz N/tree 
rate). The Butte variety showed a yield difference between the two irrigation 
levels at all rates of nitrogen with the 1.0 ET treatment averaging about 200 
pounds more meats. Also, the 8 and 16 ounces nitrogen per tree rates gave 
nearly the same yield. 

The· 1985 or fifth season almond meat yields ranged from about 400 to 
just under 2900 pounds per acre (12' X 18' spacing, 202 trees/A). As in 
1984, the weather in the spring of 1985 was quite favorable for a good set 
and early nut development. The three varletles had very slmllar responses to 
the water treatments in that yields were 200-400 pounds greater for the 1.0 
ET level. The Carmel and Nonpareil varieties had similar patterns of response 
to added nitrogen, but at slightly different yield levels. Yields ranged 
from 500 to 1700 for Nonpareil and 1100 to 2300 for Carmel for the 4 oz and 
32 oz nitrogen rates (Figure 1-2). Yields of the Nonpareil variety were 
reported as being lower in the Arbuckle area relative to other varieties for 
1985. The Butte variety indicated a trend for yields to increase up to the 
24 oz N/tree rate but very little more at the 32 oz rate (Figure 3). 

Bloom and set data taken in 1985 show an increase with increasing water 
and applied nitrogen. Figure 4 indicates the greater bloom count and yield 
as nitrogen rates are increased from 4, 16 and 32 oz/tree. Bloom count and 
yield increases associated with the 0.6 and 1.0 ET drip irrigation levels are 
given in Figure 5. It would appear that water is a limiting factor since the 
lower water level reachs a maximum yield of about 1900 pounds meats/A with 
6000 blooms/tree and yields do not increase even when bloom counts go up to 
10,000/tree. 

Kernel weight as a percent of hull plus shell plus kernel in 1985 for 
the three varieties is given in Figure 6. It is interesting to note that the 
relative weight of the kernel is increased by approximately 10% as the 
nitrogen rate increases from 4 to 32 oz/tree. Nearly the same increase is 
recorded in the three varieties for the kernel weight as a percent of shell 
plus kernel across the nitrogen rates (Figure 7). Actual kernel weight 
increased for the first three nitrogen rates and then remained the same at 
higher applied nitrogen rates. The two irrigation levels had no influence on 
relative kernel weight. Although figures given are from 1985 data, similar 
trends were observed in 1984. 

Total nitrogen concentrations in leaf samples showed a slightly differ
ent trend in 1985. Whereas in both 1983 and 1984 the April concentrations 
were the same for all nitrogen and water treatments, the April 1985 levels 
were slightly higher for the 24 and 32 oz/tree nitrogen rates and generally 
higher at all nitrogen rates for the 0.6 ET water level. Initial total 
nitrogen levels in 1985 were 2.7% as compared to 2.2% in April 1984 and 3.7% 
in 1983. As in previous years, increasing nitrogen concentrations were 
observed following the differential nitrogen rates applied. 
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During the dormant periods of January 1982, 1983, 1984 and 1985 tree 
trunk diameters have been recorded and cross-sectional areas for the five 
trees per plot calculated. Since the January 1982 samples were taken prior 
to the establishment of any treatments, cross-sectional areas for the five 
trees per plots were not expected to be nor were they different. Average 
increases in cross-sectional tree trunk area relationships during the 1983 
and 1984 growing seasons have shown larger differences with increasing rates 
of applied nitrogen and water. Whereas the difference between the 0.6 and 
1.0 ET water level was the same for all nitrogen rates during the 1982 
growing season, the higher water level combined with higher nitrogen rates 
showed larger increases in cross-sectional trunk area during 1983 and 1984. 

To more thoroughly characterize soil pH and other parameters under the 
drip emitters, one quarter of the sphere below the point of water entry into 
the soil was sampled as 3" X 3" X 3" cubes. These samples were taken in the 
3" increments from an area 21" by 21" from the injection point and to a depth 
of 18" from the control and 30" from the highest nitrogen rate treatments. 
Laboratory analysis of these samples has not been completed to present at 
this time. Data from preliminary samples taken last year indicated dramatic 
lowering of pH levels immediately under the point of emitter discharge. 
Concurrent with the soil samples, manganese concentrations in leaves co1lec
ted on OctoDer- S-,T984snow a tie-nd-of· iller-ea.-sing 1ev-Eirs '-part{culaily at--fhe
highest nitrogen application rate (Figure 8). 

Discussion: It appears that the first five years growth (second, third, 
fourth and fifth with treatments applied) of the experimental orchard has 
been normal to slightly better than expected. The trees recelvlng higher 
rates of nitrogen are making good to excellent growth and have responded with 
excellent meat yields for the fourth and fifth seasons. The concern of last 
year that trees having received no nitrogen the first four years and showing 
tip die back plus other signs of unthrifty growth are looking much better 
after having received 4 ounces nitrogen per tree the past year. Nitrogen 
concentrations in plant tissues have been in the range desired with low 
applied nitrogen rates falling below and higher applied rates remaining above 
adequate levels. Based on only two years of data, twig samples taken before 
January 1st should have concentrations of total nitrogen of approximately 
0.85% or above after the second growing season and 0.7% after the third. If 
any nitrogen rates were to be suggested from the study for the early years of 
growth they would be in the range of 1 to 3 ounces nitrogen per tree during 
the first season, 2 to 6 ounces the second, 4 to 8 ounces the third, 6 to 16 
ounces the fourth and 16 to 32 ounces the fifth. If a larger set and poten
tial nut yield is developing, the higher rates should be used. These rates 
are suggested for drip irrigated almonds when the emitters are placed approx
imately 30" on either side of the tree and nitrogen applications are split 
into 3 to 5 equal increments. 

Publications: 

Schulbach, H. and Meyer, R. D. 1985. Nitrogen Effects at Two Drip 
Irrigation Levels on Almonds. Proceedings of the Third International Drip/
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Publication 10-85, Vol. 1. pp 365-370. 

Schulbach, H., Edstrom, J. and Meyer, R. D. 1985. Nickel's Trust 
Almond Fertilizer-Irrigation Study. Handout for November 1985 Almond Short 
Course. 
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Meyer, R. D., Schul bach , H. and Edstrom, J. 1985, Rates of Nitrogen at 
Two Drip Irrigation Levels on Almonds. Handout for May 28, 1985 Nickels 
Estate Field Day. 

Edstrom, J. 1985. Nickels Estate Nitrogen/Irrigation Trial. Handout 
for January 16, 1985 Yolo-Solano-Colusa Almond Meeting. 

Schulbach, H. and Meyer, R. D. 1984. Yields of Three Varieties of 
Fourth Year Almonds as Influenced by Nitrogen and Water Applied Through Drip 
Irrigation System. Handout for November 1984 Almond Short Course. 

Meyer, R. D., Schulbach, H. and Aldrich, T. M. 1984. Rates of Nitrogen 
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Estate Field Day. 
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Figure 1. Carmel almond meat yields in 1985 as influ
enced by nitrogen rate and water applied through drip 
system. Nickels Ranch 
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Figure 3. Butte almond meat yields in 1985 as influ
enced by nitrogen rate and water applied through drip 
system. Nickels Ranch 
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Figure 2. Ninpareil almond meat yields in 1985 as influ
enced by nit ogen rate and water applied through drip 
system. Nic els Ranch 
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Figure 4. ~lmond meat yields in 1985 related to bloom 
count as in luenced by nitrogen rate applied through 
drip system. Nickels Ranch 
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Figure 5. Almond meat yields in 1985 related to bloom 
count as influenced by water applied through drip 
system. Nickels Ranch 
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Figure 7. Kernel weight as a percent of shell+kernel 
in 1985 as influenced by almond variety and nitrogen 
rate applied through drip system. Nickels Ranch 
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Figure 6. ~ernel weight as a percent of hull+shell+ 
kernel in 1 85 as influenced by almond variety and 
nitrogen ra e applied through drip system. 
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Figure 8. M!nganese concentr.ation in almond leaves on 
October 8, 1 84 as influenced by nitrogen rate and 
water applie through drip system. Nickels Ranch 
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