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Effect of Elevated CO, Concentration and Nitrogen Application on Transloca-
tion of Dry Matter and Nitrogen Restored before Anthesis in Winter Wheat
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Abstract: Either CO, enrichment or nitrogen (N) application has effects to increase grain yield, as well as dry matter and N ac-
cumulation in winter wheat (7riticum aestivum L.). To understand the effects and interaction of both factors on dry matter and N
restored before anthesis and translocated from vegetative organs into grains, we carried out a pot experiment across two cropping
seasons using wheat cultivars Xiaoyan 22 (2007-2008) and Xiaoyan 22 and Xiaoyan 6 (2008-2009). Wheat cultivars were grown
in open top chambers (OTCs) under conditions of ambient CO, concentration (AT, 375 pL L™") and elevated CO, concentration
(ET, 680 uL L™" in 2007-2008 and 750 uL L™ in 2008-2009). N fertilizer was applied at levels of 0, 0.1, 0.2, and 0.3 g kg™ soil in
2007-2008 and 0, 0.15, and 0.30 g kg™ soil in 2008-2009. Accumulation and translation of dry matter and N in pre-anthesis
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vegetative organs (stem + sheath, leaf blade, and spike) and shoot in all treatments were measured. CO, enrichment and N nutri-
tion improvement increased dry matter and N accumulation in grain and pre-anthesis vegetative organs, and translocation amounts
of dry matter and N from vegetative organs and shoot into grains. The reasonable N application promoted the positive effects of
CO, concentration on dry matter and N accumulation and translocation. Compared to AT, ET advanced the contribution and
translocation rates of dry matter from vegetative organs and shoot into grains. The effects of CO, enrichment on the N contribu-
tion and translocation rates in vegetative organs and shoot were different among years and cultivars. Elevated CO, increased the N
contribution and translocation rates in every vegetative organ and shoot in 2007-2008 cropping season and those in stem + sheath
and spike in 2008-2009 cropping season. However, in 2008-2009 cropping season, elevated CO, reduced the N contribution rate
in leaf blade and shoot of both cultivars under N levels of 0.15 and 0.30 g kg™'. The N translocation rates of leaf blade and shoot
were increased in Xiaoyan 22 under all N levels and only the N translocation rate of shoot was increased in Xiaoyan 6 under N
level of 0.3 g kg™'. The interaction between CO, concentration and N nutrition positively affected the contribution and transloca-
tion rates of dry matter and N in vegetative organs and pre-anthesis shoot in most cases. This result suggested that elevated CO,
enhanced grain yield and N accumulation through promoting accumulation before anthesis and translocation after anthesis of dry

matter and nitrogen in vegetative organs and shoot in some way.

Keywords: Winter wheat; CO, concentration; Nitrogen application; Grain yield; Matter accumulation and translocation
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Table 1 Effects of N application and elevated CO; concentration on dry matter and N accumulation in grain and pre-anthesis vege-
tative organs of winter wheat

GY (g pot™) NAG (mg pot™") DMS (g pot™) NAS (mg pot™')
Variety Nlevel (gkg') AT ET AT ET AT ET AT ET
2007-2008
22 0 2.5d 244 60.9d 53.8d 39g 39g 513¢g S44¢
Xiaoyan 22 0.1 4.6 cd 77b 139.7 cd 190.2 cd 39¢g 40g 1513 194.8 ¢
0.2 7.5bc 122a 354.9 ab 444.6 a 84f 11.7¢ 292.7d 388.0b
0.3 48bcd  10.6a 248.6 be 4263 a 10.7 ¢ 152b 338.8b 497.7a
2008-2009
6 0 56¢ 49¢ 131.5d 9484 87 75f 111.7d 84.8d
Xiaoyan 6 0.15 95b 18.0 a 366.8 ¢ 459.6 b 16.9 d 264b 397.0 ¢ 48290
0.3 11.6b 19.0 a 408.7 be 608.4a 195¢ 289a 467.8b 605.2a
22 0 8.6¢ 59¢ 165.6 ¢ 102.4 ¢ 9.64d 10.0d 1072 ¢ 99.5 ¢
Xiaoyan 22 0.15 14.1b 219a 4479b 468.4 b 19.0 ¢ 27.6b 428.6 ¢ 386.4 d
0.3 133D 255a 404.5b 728.7a 19.0 ¢ 294a 456.8b 552.8a
AT  ET Co, CO,
(P<0.05)

AT and ET denote the treatments with ambient and elevated CO, concentrations, respectively. Values followed by different letters are
significantly different at P < 0.05 among treatments within the same cultivar and cropping year. GY: grain yield; NAG: nitrogen accumulation
in grain; DMAS: dry matter accumulation in shoot; NAS: N accumulation in shoot.
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Table 2 Effects of N application and elevated CO, concentration on translocation of dry matter in vegetative organs of winter wheat

Stem and sheath (g kg™") Leaf blade (g kg™") Spike (g kg™ Shoot (g kg™")
Variety N level (g kg™") AT ET AT ET AT ET AT ET
2007-2008
22 0 0.2 cd 0.2d 02g 02g 0.0 f 00f 04e 0.4¢
Xiaoyan 22 0.1 0.6 bed I.1b 0.5f 08¢ 0.1e 02d 1.24d 2.1¢
0.2 1.8a 23a 0.8d 1.5b 0.2d 04b 28b 42a
0.3 0.8 bc 2.2a 0.6¢ 1.5a 03¢ 0.7 a 1.7 c¢d 44a
2008-2009
6 0 05¢ 0.4¢ 03¢ 02f 0.1d 0.1d 1.0e 0.8 f
Xiaoyan 6 0.15 1.6d 35b 0.7d 20b 03¢ l1a 25d 65b
0.3 22¢ 39a 1.7¢ 2.1a 0.5b 1.0a 44c 69a
22 0 09e¢ 0.6 0.6¢ 0.6¢ 0.1d 00e 15e¢ 13f
Xiaoyan 22 0.15 2.0d 3.6b 0.8d 22b 0.4c 0.7b 324 6.5b
0.3 2.6c¢c 54a l.4c 2.6a 0.4c 1.0a 44 c 9.1a
AT ET CO, CO,
(P<0.05)

AT and ET denote the treatments with ambient and elevated CO, concentrations, respectively. Values followed by different letters are
significantly different at P < 0.05 among treatments within the same cultivar and cropping year.

F3 HBEMAAXSR COREASHNEM LHEMTERREEENEMN

Table 3 Effect of N application and elevated CO, concentration on translocation of N in vegetative organs of winter wheat

Stem and sheath (mg kg™) Leaf blade (mg kg™) Spike (mg kg™) Shoot (mg kg™)
Variety N level (gkg™) AT ET AT ET AT ET AT ET
2007-2008
2 0 10.7d 13.14d 13.2d 1374 474 44d 2864 31.2d
Xiaoyan 22 0.1 33.8cd 50.3 be 352¢cd 498bc 124cd 212b  8ldc 121.3 be
0.2 72.0b 1132 a 708 b 1150a  187bc 48.7a 1614b  277.0a
0.3 58.3 be 12442 59.9 be 121.0a  17.6bc  47.5a  1358b  292.8a
2008-2009
6 0 2774 29.4d 38.1d 19.0 ¢ 244 30d  68.1e 514f
Xiaoyan 6 0.15 120.6 b 1443 a 1684 a 137.6bc  28d  3l.la 2918c¢  313.1a
0.3 80.0 ¢ 1452 a 136.8 ¢ 139.8b 60c  134b 22284  2984b
2 0 23.0d 22.6d 257e 273e 38e 26f  525¢ 525¢
Xiaoyan 22 0.15 92.3¢ 106.3 b 139.4 b 1151d  123¢  217b  2440b  243.1b
0.3 96.9 ¢ 15182 134.0 ¢ 169.7a  109d  23.5a 241.7b  3450a
AT  ET Co, CO,
(P<0.05)

AT and ET denote the treatments with ambient and elevated CO, concentrations, respectively. Values followed by different letters are
significantly different at P < 0.05 among treatments within the same cultivar and cropping year.
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Table 4 Effect of N application and elevated CO; concentration on contribution rate of dry matter translocated from vegetative
organs into grain of winter wheat

Stem and sheath (%) Leaf blade (%) Spike (%) Shoot (%)
Variety N level (g kg™") AT ET AT ET AT ET AT ET
2007-2008
22 0 9.8 93 f 74 f 107¢d  1.7f 12¢g 18.9h 2l4g
Xiaoyan 22 0.1 136¢ 16.2d 10.0 cd 113¢ 2.1e 2.9d 25.7fF 304 ¢
0.2 23.1a 18.9 ¢ 10.6cd  124b  3.2c 3.6b 34.84 36.8 ¢
0.3 22.1a 20.9 b 9.4 ¢ 145a  74a 74a 38.8b 428a
2008-2009
6 0 9.2¢ 8.9¢ 6.1d 40e 244 2.5d 17.7¢ 1554
Xiaoyan 6 0.15 16.9b 195a 71¢ 109b  2.7d 58a 26.8 ¢ 36.2b
0.3 193a 20.5a 1444 108b  4.7c 53b 38.4a 36.6b
22 0 105¢ 102 ¢ 5.8d 99b  0.9d 0.7d 178 f 21.44d
Xiaoyan 22 0.15 13.84d 16.5 ¢ 6.4c 106a  3.dc 32¢ 193¢ 29.5 ¢
0.3 19.6b 213 a 105a 103ab  3.4b 4.1a 33.5b 35.6a
AT  ET Co, CO,
(P<0.05)

AT and ET denote the treatments with ambient and elevated CO, concentrations, respectively. Values followed by different letters are
significantly different at P < 0.05 among treatments within the same cultivar and cropping year.
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Table 5 Effect of N application and elevated CO; concentration on contribution rate of N translocated from vegetative organs into
grain of winter wheat

Stem and sheath (%) Leaf blade (%) Spike (%) Shoot (%)
Variety N level (g kg™) AT ET AT ET AT ET AT ET
2007-2008
22 0 173 f 24.8 cd 22.4f 259 cd 8.2a 82a 479 ¢ 58.9b
Xiaoyan 22 0.1 25.2 cd 27.4b 25.44d 27.4b 3.6a 11.6 a 59.6 b 66.4 b
0.2 202 ¢ 25.8¢ 199¢ 263 ¢ 53a 1l.1a 454 ¢ 63.2b
0.3 24.1d 3292 238e¢ 30.8 a 9.2a 13.0a 57.1b 76.7 a
2008-2009
6 0 21.1d 31.0b 29.0 ¢ 20.0 1.8d 3.2b 51.8d 54.2¢
Xiaoyan 6 0.15 32.9a 3140 459 29.9¢ 0.8 f 6.82 79.6 a 68.1b
0.3 196 ¢ 23.9¢ 33.5b 23.0d 15¢ 22¢ 54.5¢ 49.1 ¢
22 0 139¢ 22.1be 155f 26.7 ¢ 23e 2.54d 31.7¢ 513 ¢
Xiaoyan 22 0.15 20.6 d 22.7 ab 31.1b 24.6d 2.7¢ 4.6a 54.5b 51.9¢
0.3 24.0 20.8 cd 33.1a 233e 2.7 cd 3.2b 59.8a 47.44
AT  ET Co, Co,
(P<0.05)

AT and ET denote the treatments with ambient and elevated CO, concentrations, respectively. Values followed by different letters are
significantly different at P < 0.05 among treatments within the same cultivar and cropping year.
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Table 6 Effect of N application and elevated CO; concentration on translocation rate of dry matter accumulated in pre-anthesis
vegetative organs of winter wheat

Stem and sheath (%) Leaf blade (%) Spike (%) Shoot (%)
Variety N level (g kg ™) AT ET AT ET AT ET AT ET
2007-2008
22 0 9.6 g 73h 17.4 16.1¢g 34d 9.0bed 106 8.7 ¢
Xiaoyan 22 0.1 135f 19.0d 21.0 e 253 ¢ 6.1 cd 7.2 cd 14.0 e 18.1d
0.2 22¢ 30.0a 22.8d 293a 13.8 be 16.0ab  212¢ 27.6a
0.3 175¢ 23.6b 13.6 h 26.1b 13.8 be 215a 154 24.1b
2008-2009
6 0 10.1d 8.8 139¢ 12.24d 14.6 ¢ 138 ¢ 11.74 10.1e
Xiaoyan 6 0.15 183 ¢ 242a 11.44d 2522 11.7d 25.6a 15.0 ¢ 24.82
0.3 21.6b 24.52 24.9 2 2320 22.1b 24.0 2 228b 24.0 a
22 0 14.7 ¢ 9.3 f 20.9d 238 ¢ 8.8 ¢ 4.7d 15.9d 12.8¢
Xiaoyan 22 0.15 2124 235¢ 1l.4e 26.1b 1770 17.8b 16.9 ¢ 2350
0.3 26.8b 34.82 20.4 d 27.8a 18.4b 23.62 2340 30.9 a
AT  ET Co, Co,
(P<0.05)

AT and ET denote the treatments with ambient and elevated CO, concentrations, respectively. Values followed by different letters are
significantly different at P < 0.05 among treatments within the same cultivar and cropping year.
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Table 7 Effect of nitrogen application and elevated CO; concentration on translocation rate of N accumulated in pre-anthesis vege-
tative organs of wheat

Stem and sheath (%) Leaf blade (%) Spike (%) Shoot (%)
Vari N level
ariety (gkg™ AT ET AT ET AT ET AT ET
2007-2008
22 0 53.6d 61.4c 56.0b 52.7¢ 58.0c 60.9 be 55.7 de 57.1cd
Xiaoyan 22
0.1 60.7 c 729 b 47.1d 50.0 c 58.8 ¢ 63.6b 53.8¢ 62.2b
0.2 54.8d 79.1a 56.8b 63.6a 50.6 d 75.8a 55.2 de 71.4a
0.3 46.2 ¢ 59.7 ¢ 347¢ 57.1b 42.8e¢ 60.8 be 40.0 f 58.8 ¢
2008-2009
6 0 54.1d 58.4c¢ 73.6b 70.3 b 273 ¢ 40.8b 61.0c 60.6 ¢
Xiaoyan 6
0.15 69.8 b 77.7 a 80.6 a 64.2 ¢ 8.6 f 50.4 a 73.5a 64.8b
0.3 42.8¢ 55.0d 56.7d 509e 153 e 20.1d 47.6¢ 49.3d
22 0 44.0d 45.1d 555¢ 64.6 b 4450 359¢ 49.0d 52.7¢
Xiaoyan 22
0.15 5590 61.0a 61.3¢ 68.4 a 34.1c 49.5a 56.9b 62.9 a
0.3 52.0c¢ 61.4a 58.0d 68.0 a 26.9d 42.0b 52.8 ¢ 62.4a
AT ET CO, CO,
(P<0.05)

AT and ET denote the treatments with ambient and elevated CO, concentrations, respectively. Values followed by different letters are
significantly different at P< 0.05 among treatments within the same cultivar and cropping year.
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