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The responses of Acala cotton (Gossypium
hirsutum L.) in California to a range of applied ni-
trogen (N) treatments were investigated in a 5-
year, multisite experiment. The experiment’s goals
were to identify crop growth and yield responses
to applied N and provide information to better
assess the utility of soil residual N estimates in
improving fertilizer management. Baseline fertil-
izer application rates for the lowest applied N treat-
ments were based on residual soil nitrate-N (NO3-
N) levels determined on soil samples from the
upper 0.6 m of the soil collected prior to spring N
fertilization and within 1 week postplanting each
year. Results have shown positive cotton lint yield
responses to increases in applied N across the
56 to 224 kg N/ha range in only 41% (16 out of 39)
of test sites. Soil NO3-N monitoring to a depth of
2.4 m in the spring (after planting) and fall
(postharvest) indicate most changes in soil NO3

–

occur within the upper 1.2 m of soil. However,
some sites (those most prone to leaching losses
of soluble nutrients) also exhibited net increases
in soil NO3-N in the 1.2- to 2.4-m depth zone when
comparing planting time vs. postharvest data. The
lack of yield responses and soil NO3-N accumula-
tions at some sites indicate that more efforts
should be put into identifying the amount of plant
N requirements that can be met from residual
soil N, rather than solely from fertilizer N applica-
tions.

KEY WORDS: nitrogen, nitrogen management, residual
nutrients, fertility, fertilizer response, cotton, Gossypium
hirsutum L., soluble nutrients, nitrate, nitrate leaching, yield
response, groundwater, groundwater nitrate, fertilizer
optimization

DOMAINS: plant sciences, agronomy, soil systems, nutri-
tion, growth and growth factors, environmental chemistry,
water science and technology, environmental management
and policy
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MATERIALS AND METHODS
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TABLE 1
Average Postplanting (Within 7 Days Following Planting)

Residual NO3-N Determined on Air-Dried Samples
Collected in the Upper 0.6 m of Soil in Lowest N Application Treatment Plots

Soil NO3-N in Upper 0.6 m Soil Profile (kg NO3-N/ha)

West Merced Madera Fresno Tulare Kings Kern
Shafter Side County County County County County County

Year REC REC Site Site Site Site Site Site

1996 77 (6) 166 (12) 161 (14) 171 (12) 207 (23) 141 (21) 251(23) 150 (8)

1997 62 (4) 48 (3) 157 (6) 84 (10) 53 (5) 97 (14) 121 (5) 52 (7)

1998 41 (4) 61 (7) 63 (2) 115 (7) 87 (10) 67 (5) 59 (3) 66 (6)

1999 51 (8) 40 (5) 122 (14) 272 (19) Nosite 70 (6) 61 (4) 84 (11)

2000 71 (11) 40 (6) 119 (9) 161 (8) 124 (7) 78 (11) 85 (9) 71 (4)

Note: Standard errors of the mean are shown in ( ) after the means.

TABLE 2
Average Changes in Soil NO3-N Shown as the Postharvest (Fall) Sample Results

Minus the Postplanting (Spring) Soil Test NO3-N as a Function of N Application Treatments and Depths

Average Changes in Soil NO3-N (Postharvest Minus Postplanting)
(in kg N/ha as NO3-N)

Depth 1997 Example Sites 7 or 8 Location Averages by Years
Applied N in Soil
Treatment Profile Shafter Kern Tulare Kings 1996 1997 1998 1999
(kg N/ha) (m) REC County County County (8 Sites) (8 Sites) (8 Sites) (7 Sites)

56 0–1.2 –96 –88 –110 –112 –115 –103 –83 –94

1.2–2.4 –8 –2 4 –3 –6 –14 –18 –30

112 0–1.2 –69 –66 –75 –115 –86 –88 –92 –81

1.2–2.4 2 –8 –1 –3 10 –9 10 –17

168 0–1.2 –52 –42 –78 –63 –66 –56 –43 –59

1.2–2.4 0 – 4 1 24 18 14 25 9

224 0–1.2 –43 –54 –16 –31 –64 –32 –40 –44

1.2–2.4 8 6 26 31 29 25 40 39

Note: Data for specific 1997 study sites are as shown, while 1996 through 1999 averages were calculated across all
study sites. Soil NO3-N data is grouped as the soil surface to 1.2-m depth vs. the 1.2- to 2.4-m depth. Negative
number (–) indicates net reduction in soil NO3-N during the period from planting through postharvest.
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TABLE 3
2-Month Total Heat Units (Base 60°F) and Precipitation at the West Side Research and Extension

Center Site for the Years 1996 Through 2000

2-Month Total Heat Units (Base 60° F) Total 2-Month Precipitation (cm)

Jan– Mar– May– July– Sept– Nov– Jan– Mar– May– July– Sept– Nov–
Year Feb April June Aug Oct Dec Feb April June Aug Oct Dec

1996 13 140 680 1248 530 0 15.6 8.4 0.3 0 5.3 0

1997 4 178 777 1054 555 32 8.3 2.6 0.1 0 0.7 10.4

1998 1 97 364 1169 463 2 15.4 7.2 6.6 0 0.9 3.0

1999 1 79 550 958 666 12 5.2 4.0 0.1 0 0 0.16

2000 2 127 804 1001 480 0 8.9 5.2 0.3 0.4 4.6 0.9

Note: Heat units were calculated using the single triangle calculation approach using a base heat unit of 60°F and no
upper threshold for heat-unit calculation. Temperature and precipitation measurements were made using equip-
ment at an on-site weather station located approximately 0.2 km from the N experiment site.
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