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Effects of warming and atmospheric CO: enrichment on nutrient uptake of different wheat varieties

SUN Bao—bao, LIU Xiao—yu", YUAN Rui, LIU Cheng, LI Jie, ZHANG Xu—-hui, LI Lian—qing, PAN Gen—xing

(Institute of Resource, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The objective of this study was to investigate the effect of warming and atmospheric CO» enrichment on the nutrient uptake of dif-
ferent wheat varieties. The results could provide a scientific reference for soil nutrient management and crop fertilization under future cli-
mate change. This study was carried out in an open field experiment station, where crop canopy warming and atmospheric CO, enrichment
were simulated. Four treatments were designed, including the control (CT), atmospheric CO, enrichment (C+T), warming(CT+), and both
(C+T+). Four varieties of wheat, including Yangmai 16, Sumai 188, Xinnong 518, and Zhenmai 9, were grown. The concentrations of N, P,
K, Ca, and Mg in the wheat grain and straw were determined by harvest and the nutrient content ratio of the grain and straw was calculated.
Atmospheric CO, enrichment increased the total uptake of N, K, Ca, and Mg of wheat. The total uptake of N, K, and Mg was affected by

both atmospheric CO, enrichment and wheat variety. However, atmospheric CO, enrichment did not affect the distribution of nutrients be-
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tween wheat grain and straw. Warming significantly reduced the total uptake of nutrients in the wheat. In addition, warming also increased

the distribution ratio of K in the grain and reduced the distribution ratio of Ca in the grain. Under warming and atmospheric CO, enrich-

’

ment, the change in total nutrient uptake of wheat was not only related to plant biomass but also to the nutrients ' concentration. Atmospher-

ic CO; enrichment reduced the concentration of P in wheat straw and grain. The effect of CO, enrichment on the concentration of N and Mg

in the grain as well as N, P, and K in the straw was also related to the wheat variety. Warming reduced the concentrations of K in straw and

P, K, Ca, and Mg in the grain, while the response of the P uptake to warming was affected by the variety. Therefore, it was determined that

warming and atmospheric CO, enrichment altered the nutrient absorption process of wheat and that these changes were closely related to nu-

trient types and crop varieties. Therefore, soil fertilization and management need to be adjusted according to crop varieties under a chang-

ing climate.

Keywords: climate change; free—air CO, enrichment(FACE ); wheat variety; nutrients uptake
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Figure 1 Daily mean temperature during growth period
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Table 1 Crop yield and biomass of different wheat varieties under warming and atmospheric CO, enrichment
JiH Item  4b3 Treatments Y% 16 J 72 188 FRS518 i 9%
Jr /g m™ CT 672.80+74.69a 569.40+78.05ab 585.32+49.77a 473.30+48.62ab
C+T 718.04+53.72a 663.23+31.51a 618.09+22.89a 523.60+12.31a
CT+ 523.85+56.72h 507.33+46.15h 476.74+44.47h 403.74+29.97¢
C+T+ 622.90+79.39ab 626.59+95.26ab 506.76+6.01b 426.18+29.05hc
/g m™ CT 597.03+75.41a 513.50+52.77a 443.73+58.50a 509.13+82.99ab
C+T 624.53+49.57a 533.83+37.33a 483.63+29.74a 550.97+123.71a
CT+ 498.01+42.46a 370.47+64.51b 365.88+104.69a 358.47+41.26b
C+T+ 563.34+208.70a 512.80+16.09a 422.21+19.82a 401.14+18.19ab
C T A4 C*V T*V C*T C*T*V
Jr <0.001 <0.001 <0.001 0.294 0.366 0.696 0.805
Sy 0.024 <0.01 0.001 0.344 0.927 0.594 0.794

TE:C R COMIE T 5 T TRl Ve Al e RIZIAR RN 5B 7R [ — i Rl U (A B ) 22 57 i 25 (P<0.05) o T Il

Note: C: Atmospheric CO, enrichment; T: Warming; V: Variety. The different lowercase letters on the same line indicate significant differences among

climate change treatments of the same wheat variety (£<0.05). The same below.

R2 FHR KRS COREFBM@RMINEFFHHNP K,
Ca Mg B EXMH=HEHRFTENH
Table 2 Three—way ANOVA for the effects of warming,
atmospheric CO, enrichment and variety on the concentration of
N,P,K,Ca and Mg in the wheat grain

15 H Ttem N p K Ca Mg
C 0.422 0.044 0.541 0.494 0.275
T 0.822 0.003 <0.001 <0.001 <0.001
% 0.167 0.008 <0.001 0.018 0.328
C*T 0.123 0.833 0.243 0.314 0.564
C*V 0.006 0.314 0.903 0.088 0.039
TV 0.099 0.380 0.848 0.239 0.064

C*T*V 0.510 0.246 0.678 0.345 0.495

Mg & 32 52 Bl KA COL MR BE T v A 19 58 B R
AR COLMRE T35 0 2 AR T 422 9 S FF R Mg 15 45k,
ER N A A A At 2 R
2.3 INEFEFFRORKTL

W3 PR, KA COLHE B T i X AS TR) i Rl /N 32
FEFE N &5 8 B2 R [R] 78 K COL MR B2 T g 1) Ak 2
T, 2 16 FFF & N & 5 TR 39.66% , HAx it AL &
FHAAL(E3) o FHEX/NEFSFN &R H &Y
M, KA COVR B T i i B AR T RS FF P i, AT
it S X [ I 13.87% , A5 5 o 22 6] A7 (35 1
& H AN, KA COMEJE TR B BEAK T 322 16 FR
2 188 FEFFH P, (HIE X 53 AN WA L R A
RO o THEXSAS [F] 5 RN 22 RS P A AN
], T 2 AR T 95 22 188 RS FF P& &, Hids i
PR AR, fEXH/INE PRSI |, KR CO,

WP TR AT 22 RIAEAE B A BAE R, S TR
KA COLURPE T X F5 4R 518 FHLAZ 9 S AEFF P %
A R A RS (R TR R S S DL T
FER SIS FEFF P S 1IN 57.58%, M 7 9 S5 #F P
T TR 58.89% (B 3) o KA COUK T =y X /2
T A K & s e 5 5 A8 UITAOC , 522 16 RS FF K
T 19.80% , (H 2 AR S RN G i 2 28 Ak THI
FREAR TR K S &, PR IE A 10.98% . FHl I
KA COLMRE T 2y X /NZZ FEFF Ca Mg 1975 5 0 i 2
S
2.4 FEHEFRFFFFRLE S BT

R4 PR, FTHEFAK S COMREE TR X /INEZ N4
BB AT B 52 . FHRXT/INE PAFBCR 2 5 A
2K, T H5 KA COLMRPE T i Z IR TE 8.5 1Y 28 HAE
o THEXI %72 16 FIEEZE 951 P o LA /2w, 5
T T B ANEA SR P A . THEIR R T E

R3 AR AKRCOREASMMIITNEREFTFHNP.K,
Ca Mg BBHMY=EZHEHW
Table 3 Three—way ANOVA for the effects of warming,

atmospheric CO, enrichment and variety on the concentration of
N,P,K,Ca and Mg in the wheat straw

Tt H Item N p K Ca Mg
0.093 0.016 0.052 0.636 0.653
0.405 0.753 <0.001 0.179 0.076
0.085 0.001 0.001 0.059 <0.001
C*T 0.272 0.001 0.134 0.215 0.877
C*V 0.026 0.002 0.028 0.913 0.933
TV 0.146 0.006 0.295 0.225 0.498

C*T*V 0.019 0.001 0.789 0.661 0.657
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Figure 2 Nutrients’ concentration in the grain of different wheat varieties under warming and atmospheric CO, enrichment
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Figure 3 Nutrients’ concentration in the straw of different wheat varieties under warming and atmospheric CO; enrichment
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Table 4 The percentage of grain nutrients(N,P,K,Ca and Mg) uptake as part of the above ground of different wheat varieties under

warming and atmospheric CO, enrichment

A Varieties Ab L Treatments N/% P/% K/% Cal% Mg/%
%4 16 CT 74.42+2.27h 89.94+2.42a 20.31+1.20a 22.43%2.61a 64.18+4.58a
C+T 83.11=1.67a 93.67+0.68a 25.09+1.07a 20.95+4.58a 61.1743.07a
CT+ 76.97+1.49h 90.40%1.11a 30.0127.94a 15.96+1.64a 60.91+5.40a
C+T+ 82.7124.96a 88.93+7.33a 34.20+12.07a 16.27+4.82a 61.45+7.91a
TR 188 CT 80.82+4.04a 85.82+2.96h 22.24+5.79a 20.41%5.57a 58.49+5.32a
C+T 80.05+3.09a 93.7520.55a 20.74=1.70a 17.56+1.03a 59.86+4.24a
CT+ 80.72+1.70a 92.4120.71a 33.3729.60a 16.85+6.17a 58.69+4.94a
C+T+ 80.14+3.71a 90.61%1.19a 27.78+7.77a 12.06+4.43a 59.81+8.38a
#4518 CT 84.05+2.84a 92.40+1.03a 23.35+0.53ab 23.22+2.95a 69.85+3.91a
C+T 79.93+6.58a 92.28+1.32a 20.46=1.14b 22.29+5.42a 70.90+5.20a
CT+ 79.19+9.62a 91.1623.80a 32.71x11.91a 18.739.33a 70.9626.96a
C+T+ 79.06+2.04a 85.15+1.96h 23.00+1.68ab 15.69+2.51a 66.07+5.09a
A& 9% CT 81.89+7.54a 89.32+7.12a 21.47+6.24b 22.43+5.17ab 56.21+3.52a
C+T 77.31%3.62a 91.18+2.25a 20.66+4.70h 24.27+4.43a 56.06+3.74a
CT+ 79.72+2.60a 91.750.81a 30.18+1.68a 12.65+2.65¢ 58.98+0.80a
C+T+ 81.95+3.69a 95.81+1.34a 21.38+1.53b 15.70+2.87hc 55.18+5.78a

C 0.507 0.314 0.156 0.436 0.541

T 0.975 0.854 <0.001 <0.001 0.738

v 0.867 0.586 0.450 0.395 <0.001

C*T 0.467 0.014 0.183 0.876 0.578

C*V 0.056 0.068 0.175 0.427 0.827

T*V 0.649 0.020 0.746 0.716 0.877

CHT*V 0.642 0.134 0.903 0.929 0.665
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it — 2 e A TR) SR 1 /N 22 R R b P B a1 AR £k
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FF P 5 5[ 30.97% , (& 254 518 W T =5 24.03%
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AE AR, I o RS COL MR TH s A RN
N &L, BOR TR I T /N S Fl . E g b
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Table 5 Changes in the above ground nutrients(N,P,K,Ca and Mg) uptake of different wheat varieties under

warming and atmospheric CO, enrichment

bl Varieties AL B Treatments N/g-m™ Plg-m™ K/g-m™ Calg-m™ Mg/g-m™

W4 16 CT 21.58+2.50a 6.56+0.76a 11.91%1.66a 2.53+0.45ab 1.7420.19a
C+T 20.60+1.04a 6.53+0.84a 9.59+1.01a 3.10£0.37a 1.90+0.18a
CT+ 14.98+1.40b 4.67+0.71b 5.31+1.78b 1.87+0.27be 1.2320.17b
C+T+ 19.45+0.46a 5.93+0.34ab 5.85+0.82b 1.6920.36¢ 1.3420.01b
J7 188 o) 16.22+2.98ab 5.32+1.13a 8.51+1.33a 2.22+0.30ab 1.54£0.18ab
C+T 20.09+3.07a 5.58+0.76a 9.99+2.17a 2.64+0.15a 1.82+0.08a
CT+ 13.26+1.39b 4.27+0.47a 4.35+1.09b 1.49+0.41¢ 1.0020.23¢
C+T+ 17.51+1.82ab 5.16:0.64a 6.86+2.19ab 1.9620.33bc 1.4220.09h
ZA4518 CT 17.33+1.17a 5.80+0.20a 9.15+0.58ab 2.09+0.17a 1.31+0.07a
C+T 15.13=1.40b 5.60+0.08a 11.15+0.87a 2.32+0.60a 1.3520.17a
CT+ 13.88+0.84b 4.24+0.48b 5.21+1.64c 1.5420.28a 0.93+0.04b
C+T+ 13.47+0.63b 4.45+0.02b 7.85+1.36b 1.78+0.33a 1.0020.04b
A9 CT 13.14+0.94a 4.61+0.23a 7.08+1.07ab 1.80+0.33a 1.350.07a
C+T 14.51+1.21a 5.03+0.61a 8.77+2.54a 1.97+0.27a 1.33+0.06a
CT+ 12.82+2.30a 3.90+0.28b 3.75+0.50c 1.32+0.24a 0.98+0.12b
C+T+ 12.35+0.57a 3.50+0.16b 5.68+0.59hc 1.44+0.25a 1.06+0.10b

C 0.016 0.075 0.004 0.013 0.001

T <0.001 <0.001 <0.001 <0.001 <0.001

% <0.001 <0.001 0.007 <0.001 <0.001

C*T 0.148 0.251 0.167 0.349 0.447

C*V 0.004 0.376 0.040 0.717 0.021

TV 0.313 0.570 0.384 0.221 0.188

C*T*V 0.081 0.164 0.706 0.430 0.789
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