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Effect of planting density on nitrogen uptake, utilization and
distribution in winter wheat

WANG Shu-Li, HE Ming-Rong, DAI Xing-Long, ZHOU Xiao-Hu
(College of Agronomy, Shandong Agricultural University; National Key Laboratory of Crop Biology, Tai’an 271018, China)

Abstract Intensive wheat cultivation requires large inputs of nitrogen (N) fertilizer. However, only a limited proportion of the
applied N is taken up by winter wheat, meaning that large amounts of N are lost to the environment. This loss of N fertilizer
represents not only a considerable cost to the grower, but may also to the environment. Therefore, there has been increasing global
emphasis on optimized management strategies for high nitrogen use efficiency (NUE; i.e., grain yield/available N) to help reduce
excessive N fertilizer inputs while maintaining acceptable grain yields. The amount and spatial distribution of plant roots in soil
profile reflect potential nutrient up-take. Also plant density can influence root distribution in soil profile, increasing seminal roots per
unit area and reducing nodal roots per culm. Various planting densities were therefore considered in relation to high NUE. The aim of
the study was to find suitable wheat planting density that simultaneously produced high grain yields and NUE. To that end, two
winter wheat cultivars (large-spike “Tainong 18” and medium-spike “Shannong 15”) were selected and experimented under field
conditions at various planting densities. The planting densities were 1.35 million-hm=, 2.70 million-hm2, 4.05 million-hm~ and 5.40
million-hm™ for “Tainong 18”; and 1.725 million-hm, 3.45 million-hm™, 5.175 million-hm™ and 6.90 million-hm™ for “Shannong
15”. The tow wheat cultivars were analyzed for the uptake, distribution and utilization of N, and for grain yield and inorganic N
accumulation in soil profile. The results showed that N accumulation at maturity, grain yield, N uptake efficiency and N partial factor
productivity were highest under the planting densities of 2.70 million-hm= for “Tainong 18" and 3.45 million-hm= for “Shannong
15”. Grain N accumulation at maturity, gain N after anthesis and N translocation to grain after anthesis reduced with increasing
planting density. Translocated N amount, proportion and contribution to grain from stored N in vegetative organs before anthesis
increased with increasing planting density. N harvest index, grain N concentration, and NO;-N, NH,"-N and inorganic N
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accumulation at different depths of the soil profile decreased at wheat maturity with increasing planting density. In conclusion, grain
yield and NUE were highest under planting densities of 2.70 million-hm™ for “Tainong 18” and 3.45 million-hm™ for “Shannong 15”.

The recommended planting densities were therefore 2.70 million-hm™ for “Tainong 18” and 3.45 million-hm™ for “Shannong 15”.
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Table 1 Nitrogen accumulation amount under different planting densities in wheat plant during different growth periods
Plant Emerging—ijointing Jointing—anthesis Anthesis—maturity Maturity
Variety density
4 —2:
(<10°hm™)  NAA(Kghm?)  PNA(%) NAA(kghm? PNA(%) NAA(ghm?) PNA%) NAA(kghm?) PNA (%)
18 135 108.56+3.94d  36.84+1.62  95.32+1.00c  32.34+0.09  90.80+5.20a  30.80+1.53  294.68+2.26d 100
Tainong 18 279 132.12+¢5.22¢c  40.06+0.58 108.56+1.70a  32.95+1.34  89.01+4.75a  26.99+0.76  329.69+8.27a 100
405 140.14+2.66b  43.62+1.89 100.36x4.71b  31.20+0.71  81.01+5.75b  25.18+1.18 321.51+7.80b 100
540 150.20+0.94a  48.19+0.94  92.63+1.37c  29.70+0.05  68.94+3.71c  22.10+0.90  311.83+4.14c 100
15 172.5 111.95+4.25d  38.49+1.97  90.56+4.91d  31.11+1.27  88.46x3.20a  30.39+0.70  290.97+3.86d 100
Shannong 15 345 130.12+4.48c  38.78+0.88 119.16+1.43a  3552+0.02  86.22+1.66a  25.70+0.89  335.50%4.25a 100
517.5 141.07+¢5.47b  43.88+0.06 100.93x1.71b  31.39+0.73  79.51+5.25b  24.73+0.67  321.51+12.43b 100
690 151.28+8.02a  49.97+2.65  96.87+5.61c  32.00+1.85 54.57+2.44c  18.02+0.80  302.72+0.03c 100
3 0.05 , Data in the table are means

of three replicates. In each cultivar, values followed by different small letters in same column are significantly different at 0.05 probability level. The
same below. NAA: amount of nitrogen accumulation; PNA: proportion of nitrogen accumulation.

x2 ARMEZENNEEAMARZZMLREAZTRERENZ I
Table 2  Effects of different planting densities on translocation of nitrogen stored before anthesis and accumulation of nitrogen as-
similated after anthesis in wheat

From remobilization of nitrogen stored in vegetative From uptake of nitrogen after anthesis

Planting g\i?;n;w?;lo?a?: organs before anthesis
Variety density tg t %
(x10%hm™?) at maturily . . Lo . i
(kg:-hm™) Translocation amount Translocation Contribution Translocation Contribution
(mg-stem™) proportion (%) (%) amount (mg-stem™) (%)
18 135 241.12+9.36a 131.03+7.30c 69.6+1.40c 54.32+0.92d 110.08+2.06a 45.68+0.92a
Taifgng 270 233.39+14.09b 145.04+10.20b 71.2+0.40b 62.12+0.62c 88.35+3.89b 37.88+0.62b
405 221.76+10.10c 152.15+10.08b 71.9+1.10b 68.57+1.42b 69.60+0.07c 31.43+1.42c
540 189.05+4.91d 163.29+11.33a 73.2¢1.20a 86.31+3.75a 25.76+6.42d 13.69+3.75d
15 1725 241.05+7.79a 126.32+6.93c 68.5+0.70c 52.38+1.18d 114.73+0.87a 47.62+1.18a
Shaggong 345 222.64+11.45b 136.20+9.10b 72.1+0.80b 61.14+0.94c 86.45+2.36b 38.86+0.94b
517.5 213.13+0.37c 139.94+3.04b 72.9+1.40b 65.66+1.54b 73.19+3.41c 34.34+1.54c

690 181.81+5.47d 150.86+6.04a 73.8+1.70a 82.96+0.83a 30.95+0.58d 17.04+0.83d
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Table 3  Effects of different planting densities on grain yield and nitrogen use efficiency of wheat
. A Nitrogen utilization Nitrogen partial Nitrogen uptake Nitrogen Content of nitrogen
Variety FELalrl(t)4d§:15J2t))/ G(LZ'ME;')" efficiency factor productivity efficiency harvest index in grain
(kgkg™) (kg-kg™) (%) (%) (%)
18 135 8 254.62+104.76d 28.01+0.14c 34.39+0.44d 39.15+1.00d 81.81+2.55a 2.92+0.11a
Tai{lsong 270 9 884.54+286.39a 29.98+1.62a 41.19+1.19a 43.80£1.65a 70.75+2.50b 2.36+0.23b
405 9 268.99+127.35b 28.83+0.30b 38.62+0.53b 42.71+1.06b 68.95+1.47b 2.39+0.27b
540 8 640.56+689.47¢ 27.71+1.84d 36.00+2.87¢c 41.43+0.17c 60.62+0.77¢c 2.18+0.17c
15 1725 8605.30+201.71c 29.57+0.30a 35.86+0.84c 38.65+0.40d 82.83+1.58a 2.80+0.05a
Shazgong 345 9 181.45+307.13a 27.72+1.37b 38.26+1.28a 44.57+0.59a 68.26+0.81b 2.42+0.19b
517.5 8912.56+173.21b 27.66+1.56b 37.1340.72b 42.71+0.45b 67.09+0.94b 2.40+0.32b
690 8 330.70+354.90d 27.52+1.17¢c 34.71+1.48d 40.21+0.05¢c 60.06+1.80c 2.18+0.15c

x4 TRMHEZEMNRARLERLELELNSEARRENZM

Table 4 Effect of different planting densities on inorganic nitrogen accumulation in different depth of soil profile at maturity of wheat

Plant density

NO3™-N accumulation (kg-hm?)

NH,4"-N accumulation (kg-hm™)

Inorganic nitrogen accumulation (kg-hm)

Variety 4. o
(x10"hm™) 0~100 cm 100~200 cm 0~100 cm 100~200 cm 0~100 cm 100~200 ¢m
18 135 210.9+5.3a 100.0+2.0a 70.3+2.3a 48.6+6.0ab 281.2+3.0a 148.6+4.0a
Tainong 18 270 188.8+16.2b 75.9+1.0b 62.0+7.0b 48.3+5.4b 250.8+9.2b 124.2+4.4b
405 175.5+2.9¢ 68.1+2.8¢ 51.3+1.7¢ 48.9+3.3a 226.8+4.6¢ 117.046.1¢
540 167.145.9d 63.0+1.1¢ 47.3£2.1¢ 45.8+3.2¢ 214.48.0d 108.8+4.3d
15 1725 209.0+22.8a 188.746.1a 60.4+1.3a 62.7+1.8a 269.4+24.1a 251.4+7.92
Shannong 15 55 195.1+14.9b 165.0£6.0b 58.740.1b 47.6£0.90 253.8£14.8b 212.6£4.1b
5175 193.2+0.9b 146.0+7.0c 55.940.2¢ 40.1+0.6¢ 249.10.7c 186.1+7.6¢
690 149.3+3.7¢ 138.740.1d 51.9+0.6d 39.740.6¢ 201.243.1d 178.40.7d
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