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To improve nitrogen (N) efficiency in agriculture,
integrated N management strategies that take into
consideration improved fertilizer, soil, and crop
management practices are necessary. This paper
reports results of field experiments in which maize
(Zea mays L.) and oilseed rape (Brassica napus
L.) cultivars were compared with respect to their
agronomic N efficiency (yield at a given N sup-
ply), N uptake efficiency (N accumulation at a
given N supply), and N utilization efficiency (dry
matter yield per unit N taken up by the plant). Un-
der conditions of high N supply, significant dif-
ferences among maize cultivars were found in
shoot N uptake, soil nitrate depletion during the
growing season, and the related losses of nitrate
through leaching after the growing season. Ex-
periments under conditions of reduced N supply
indicated a considerable genotypic variation in
reproductive yield formation of both maize and
oilseed rape. High agronomic efficiency was
achieved by a combination of high uptake and
utilization efficiency (maize), or exclusively by
high uptake efficiency (rape). N-efficient cultivars
of both crops were characterized by maintenance
of a relatively high N-uptake activity during the
reproductive growth phase. In rape this trait was
linked with leaf area and photosynthetic activity
of leaves. We conclude that growing of N-efficient
cultivars may serve as an important element of
integrated nutrient management strategies in both
low- and high-input agriculture.
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genotype, leaching, maize, nitrate, nitrogen, oilseed rape,
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TABLE 1
Elements of Integrated Nutrient Management Strategies that

May Result in Improved N Efficiency in Plant Production

• Crop and crop rotation:

→ Increased uptake and utilization of soil and fertilizer N by cultivation of N-efficient crops, reduction of fallow frequency and
rotation of shallow/deep rooting crops.

• Cultivar:

→ Increased uptake and utilization of soil and fertilizer N by cultivation of N-efficient cultivars.

• Irrigation and crop protection:

→ Increased uptake of soil and fertilizer N by well-grown crops.

• Accurate prediction of fertilizer N demand (e.g., soil and plant tests, sensor controlled fertilization (“precision farming”), modeling
soil N supply):

→ Increased uptake of soil and fertilizer N by considering available soil mineral N at the beginning of the growing season and
N mineralization during the growing season.

• Form of N fertilizer (e.g., mineral fertilizers vs. organic manure, urea vs. ammonium vs. nitrate fertilizers, use of urease and
nitrification inhibitors):

→ Avoidance of N losses caused by specific N forms/N transformations in the soil, increased physiological efficiency of N by
considering plant species specific preferences of certain forms of N (NH4

+ vs. NO3
–).

• Timing of N application:

→ Reduction of N losses (NO3
–, N2) at the beginning of the growing season, increased physiological efficiency by specific

growth stimulation of harvestable organs.

• Technique of N application (e.g., surface vs. incorporation, broadcast vs. banded):

→ Reduction of N losses (NH3), improved spatial availability of N, reduction of N immobilization.

• Cover crops/intercropping:

→ Uptake of soil N and mineralized plant residue N during autumn and thereby reducing N losses by leaching and increasing
N supply to succeeding crops.

• Management of crop residues:

→ Control of N mineralization during autumn/winter.

• Incorporation of straw:

→ Immobilization of soil mineral N.

• Timing, intensity, and depth of soil cultivation:

→ Control of soil N mineralization.
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RESULTS AND DISCUSSION

Differences Among Maize Cultivars in Shoot
N Uptake and the Related Losses of Nitrate
Through Leaching (Exp. 1)
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Supply (Exp. 2)
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TABLE 2
Straw and Grain Dry Matter of Maize as Influenced by Year (Y), Cultivar (C), and N Supply

Year Cultivar F Test

N Supply 1994 1995 LSD DK 240 Green Lixis LSD Y C Y x C

Straw dry matter [t ha–1]

N1 7.4 a 5.2 b 0.4 6.3 a 6.0 a 6.4 a 0.6 *** n.s. n.s.

N2 8.7 a 8.5 a 0.8 7.9 b 8.8 ab 9.2 a 1.2 n.s. * n.s.

N3 8.9 a 8.4 a 0.7 8.3 a 8.5 a 9.2 a 1.0 n.s. n.s. n.s.

Grain dry matter [t ha–1]

N1 8.5 a 4.7 b 0.5 7.3 a 6.6 a 5.8 b 0.7 *** *** n.s.

N2 10.0 a 8.2 b 0.6 10.2 a 8.9 b 8.3 b 0.9 *** *** n.s.

N3 10.8 a 8.3 b 0.7 10.4 a 9.7 b 8.6 c 0.7 *** *** *

Note: Means within N levels with the same letter are not significantly different
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TABLE 3
N Concentration in Shoot Dry Matter at Silking, and in Straw and Grain Dry

Matter at Maturity of Maize as Influenced by Year (Y), Cultivar (C), and N Supply

Year Cultivar F Test

N Supply 1994 1995 LSD DK 240 Green Lixis LSD Y C Y x C

Shoot N concentration at silking [mg g–1 dry matter]

N1 16.9 a 17.6 a 1.2 16.9 a 17.6 a 17.2 a 1.8 n.s. n.s. n.s.

N2 17.4 b 21.0 a 1.1 18.2 b 18.9 ab 20.4 a 1.6 *** ** n.s.

N3 23.0 a 21.4 b 0.9 22.8 a 22.0 a 21.7 a 1.4 ** n.s. n.s.

Stover N concentration at maturity [mg g–1 dry matter]

N1 6.9 a 5.4 b 0.5 7.0 a 5.7 b 5.7 b 0.8 *** ** *

N2 7.4 a 7.5 a 0.6 7.9 a 6.9 b 7.5 ab 0.9 n.s. * *

N3 7.4 b 8.2 a 0.6 8.7 a 7.5 b 7.2 b 0.9 * ** n.s.

Grain N concentration at maturity [mg g–1 dry matter]

N1 11.6 a 10.0 b 0.6 9.9 b 11.5 a 11.1 a 0.9 *** ** n.s.

N2 12.9 b 13.6 a 0.5 12.1 b 13.8 a 13.7 a 0.8 * *** *

N3 13.7 b 14.5 a 0.7 13.1 b 14.5 a 14.7 a 1.1 * ** n.s.

Note: Means within N levels with the same letter are not significantly different.
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TABLE 5
Straw and Seed Dry Matter of Oilseed Rape as Influenced by Year (Y), Cultivar (C), and N Supply

Year Cultivar F Test

N Supply 1998 1999 LSD Apex Capitol LSD Y C Y x C

Straw dry matter [t ha–1]

N1 3.61 a 4.07 a 0.70 3.90 a 3.78 a 0.70 n.s. n.s. n.s.

N2 4.28 b 6.05 a 1.00 5.00 a 5.46 a 1.00 ** n.s. n.s.

N3 5.27 a 5.42 a 0.61 5.62 a 5.09 a 0.61 n.s. n.s. n.s.

Seed dry matter [t ha–1]

N1 2.14 b 2.98 a 0.49 2.96 a 2.15 b 0.49 ** ** n.s.

N2 2.38 b 4.20 a 0.44 3.55 a 3.00 b 0.44 *** * n.s.

N3 2.78 b 4.94 a 0.60 4.13 a 3.59 a 0.60 *** n.s. n.s.

Note: Means within N levels with the same letter are not significantly different.

TABLE 4
Shoot N Uptake at Maturity, N Uptake between Silking and Maturity, NHI and
N Utilization of Maize as Influenced by Year (Y), Cultivar (C), and N Supply

Year           Cultivar            F Test

N Supply 1994 1995 LSD DK 240 Green Lixis LSD Y C Y x C

Shoot N content at maturity [kg ha–1]

N1 150 a 74 b 9 120 a 114 ab 103 b 13 *** * n.s.

N2 194 a 174 b 14 186 a 184 a 182 a 21 * n.s. *

N3 213 a 189 b 11 207 a 204 a 193 a 17 *** n.s. n.s.

N uptake between silking and maturity [kg ha–1]

N1 27 a –4 b 19 27 a 6 a 2 a 28 ** n.s. n.s.

N2 57 a 9 b 12 65 a 27 b 20 b 35 ** ** n.s.

N3 27 a 29 a 23 44 a 25 a 15 a 35 n.s. n.s. n.s.

N harvest index

N1 0.66 a 0.62 b 0.02 0.62 b 0.63 b 0.68 a 0.03 ** *** *

N2 0.67 a 0.64 a 0.04 0.66 a 0.67 a 0.62 a 0.06 n.s. n.s. n.s.

N3 0.69 a 0.64 b 0.04 0.65 a 0.69 a 0.66 a 0.05 ** n.s. n.s.

N utilization [kg grain dry matter (kg total plant N)–1]

N1 57 b 62 a 4 63 a 60 a 57 a 7 * n.s. n.s.

N2 52 a 47 b 3 55 a 49 b 45 b 5 ** ** n.s.

N3 51 a 44 b 3 50 a 47 ab 45 b 5 *** * n.s.

Note: Means within N levels with the same letter are not significantly different.
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TABLE 6
N Concentration in Shoot Dry Matter at Flowering, and in Straw and Seed Dry Matter

at Maturity of Rape as Influenced by Year (Y), Cultivar (C), and N Supply

Year              Cultivar F Test

N Supply 1998 1999 LSD Apex Capitol LSD Y C Y x C

Shoot N concentration at the beginning of flowering [mg g–1 dry matter]

N1 19.4 a 14.6 b 1.6 17.2 a 16.8 a 1.6 *** n.s. n.s.

N2 27.2 a 20.8 b 1.5 26.0 a 22.0 b 1.5 *** *** n.s.

N3 34.9 a 29.4 b 2.3 34.7 a 29.7 b 2.3 ** ** n.s.

Straw N concentration at maturity [mg g–1 dry matter]

N1 5.2 a 3.0 b 0.5 4.3 a 3.8 a 0.5 *** n.s. *

N2 5.4 a 4.1 a 1.3 5.9 a 3.6 b 1.3 n.s. ** n.s.

N3 8.0 a 6.4 b 1.3 8.1 a 6.3 b 1.3 * * n.s.

Seed N concentration at maturity [mg g–1 dry matter]

N1 29.5 a 23.8 b 1.1 26.2 a 27.2 a 1.1 *** n.s. *

N2 29.6 a 25.5 b 1.2 27.4 a 27.7 a 1.2 *** n.s. n.s.

N3 34.6 a 31.9 b 2.7 33.1 a 33.4 a 2.7 n.s. n.s. n.s.

Note: Means within N levels with the same letter are not significantly different.

TABLE 7
Shoot N Uptake at Maturity, N Uptake between Beginning of Flowering and Maturity, NHI,

and N Utilization of Rape as Influenced by Year (Y), Cultivar (C), and N Supply

Year  Cultivar F Test

N Supply 1998 1999 LSD Apex Capitol LSD Y C Y x C

Shoot N content at maturity [kg ha–1]

N1 81 a 83 a 13 93 a 71 b 13 n.s. ** n.s.

N2 92 b 132 a 13 124 a 100 b 13 *** ** n.s.

N3 138 b 192 a 25 181 a 150 b 25 ** * n.s.

N uptake between beginning of flowering and maturity [kg ha–1]

N1 17 a 12 a 16 35 a –6 b 16 n.s. *** n.s.

N2 –2 a –5 a 20 4 a –11 a 20 n.s. n.s. n.s.

N3 11 a 4 a 35 11 a 4 a 35 n.s. n.s. n.s.

N harvest index

N1 0.77 b 0.86 a 0.03 0.83 a 0.80 a 0.03 *** n.s. **

N2 0.75 a 0.81 a 0.08 0.77 a 0.80 a 0.08 n.s. n.s. n.s.

N3 0.69 b 0.82 a 0.07 0.74 a 0.77 a 0.07 ** n.s. n.s.

N utilization [kg seed dry matter (kg total plant N)–1]

N1 26 b 36 a 1.7 32 a 30 a 1.7 *** n.s. **

N2 26 b 32 a 2.6 28 a 30 a 2.6 * n.s. n.s.

N3 20 b 26 a 3.5 23 a 23 a 3.2 ** n.s. n.s.

Note: Means within N levels with the same letter are not significantly different.
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