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Table 1. Some physical and chemical

properties of studied soils.

Voled Sl Y osled St (A1) Sis Vol Sl Y el St (a9 Sis
Soil No. 2 Soil No. 1 (Property) (unit) Soil No. 2 Soil No. 1 (Property) (unit)
8.73 8.75 (1) ol ol i 2 73.68 63.44 ) o
‘ ‘ (Calcium carbonate equivalent) (%) ‘ ‘ (Sand) (%)
7 CE e e
0.037 0.042 B s 14.32 15.56 (1) =
Total N (%) (Silt) (%)
k -1 . . Y
4.00 4.5 (mg ke )*J"J‘-L”“]”’ 12 21 ) o
(Available P) (mg kg (Clay) (%)
-1 . - -t
315.17 372,88 (mgkg™) dr LB sy Sandy Sandy Clay 8l S
(Available K) (mg kg') Loam Loam Texture class
mgkg!) O LG sl
120 2.07 (mgke™) =l > 8.54 8.6 pH
(Available Fe) (mg kg ™)
kg') O L6
0.44 0.52 (mgke) - - 1.16 125 EC (ds m™)
(Available Cu) (mg kg™)
kg e LG ONPII
1.62 158 (g keg™) == S 0.24 0.28 ® s
(Available Zn) (mg kg™) Organic carbon (%)
mgkg!) i 6 3K
2.80 2.86 (mg kg ™) - ] 5.25 6.45 CEC (cmol.kg")
(Available Mn) (mg kg™)
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Table 2. Analysis of variance of the effect of CO,, nitrogen and soil texture on shoot dry weight.

Slag e 50k XY St mlie
MS DF SOV
2.88%* 1 CO;
Sk
0.48%* 1 .
(Soil)
055 5
55.97** 2
N)
Sk x CO,
0.0005 1

(CO; x Soil)

U555 x COy

0.23* 2
(CO xN)
Qj‘}}lf X \5[}
0.05 2 _
(Soil x N)
055,50 x S x CO,
0.002 2 .
(CO; x Soil x N)
ot
0.05 36 .
(Residual)
S
3.92 - TR
(&\%

.M)é\)OJB}‘CbM):)\:&M%JSQ }w
* and ** Significant at P<0.05 and P<0.01, respectively.

(g/pot) ua_‘_,& u.’.'au KSES U)jj S Q’Jb‘g 03‘9,2_4 Alises C‘,hw };JJCOZ‘g 03‘3}23 Alises C"hw Wﬁ-f JJJ?
Table 3. Interaction between different levels of nitrogen and CO, and levels of nitrogen and soil texture on
shoot dry weight (g/pot).

(mglkg) odis by O35 s Hlhte

. /'La
oS Nitrogen added (mg/kg)
Average
200 100 0
5.38B 6.28b 6.51b 3.36¢ 400
5.87A 6.95a 7.09 3.58¢ 850 CO,
(mg/1)
. /'La
6.61B 6.80A 3.47C oS
Average
5.73A 6.69 6.86a 3.64b Tl
Sandy Clay Loam
Sl il
5.53B 6.53a 6.75a 3.31b oS =
Sandy Loam Soil texture
. Z (W
6.61B 6.80A 3.47C oS
Average

Sl Y S e O > S pSws Glila el (i) 5 Dt a5 5 Cenl 0l el (P</00) oSSl Osa30 3 eslizud b o Sl 4 ie
Mean comparison using Duncan's test at (P<0.05), means having at least a common Latin letter in each column and row are

not significantly different.
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O O35 ke (P<e/00) Sls e il el
555 O pme Lol 5 53 Ll pl Oy A olS olga
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Table 4. Analysis of variance of the effect of CO,, nitrogen and soil texture on the concentration of nutrients in

plant shoot.
Slag o :Sks
MS 63')] a Ol s dl;.»
) 3K ol pope el i Os i DF Sov
Zn Mn Fe Mg K P N
109.8** 812.6** 3836.7** 0.02* 2.45%%* 0.01%* 0.59%%* 1 CO,
Sk
331.8%* 74.7%* 63.22% 0.008 0.1 0.00004 0.03%* 1 .
(Soil)
Qs
227.2%* 388.6%* 1203.8** 0.06** 0.14* 0.0009 23.77** 2 ™)
5[}' X COz
0.37 33.84 1.17 0.00000008 0.2* 0.0000003 0.00001 1 .
(CO;, x Soil)
05554 x CO,
5.08 32.69 148.8%* 0.00008 0.007 0.001* 0.02%%* 2
(CO, xN)
059y X S
55.5%%* 36.41* 27.52 0.001 0.43%* 0.002* 0.008 2 .
(Soil x N)
055 x S x COy
0.54 1.4 3.72 0.0000005 0.04 0.0003 0.002 2 .
(CO; x Soil x N)
Lo
4.08 10.94 14.97 0.004 0.04 0.0004 0.004 36 .
(Residual)
S s ;
7.24 5.07 4.06 16.6 438 551 2.09 - S
CV

* and ** Significant at P<0.05 and P<0.01, respectively.
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Table 5. Interaction between different levels of nitrogen and CO, on the concentration of nutrients in plant shoot.

(Mg/kg) odis by O35 s HlA2e

Nitrogen added (mg/kg)

Sl

200 100 0 (mg/l) CO,
Average
A a b e
3.18 3.97 3.83 1.73 400 () lyo s 59 il
2.95° 3.68° 3.59¢ 1.59" 850 Shoot N concentration (%)
3.83% 3.718 1.66° (Average) ;. Sls
B c c be
0.37 0.36 0.36 0.37 400 (1) lys i s
0.40" 0.42° 0.39" 0.39° 850 Shoot P concentration (%)
0.39% 0.37% 0.38% (Average) ;. Sls
432" 4.41° 426 429 400 .
: : : : (1) glsp i ey ki
477" 4.89° 4.72° 4.70° 850 Shoot K concentration (%)
4.65% 4.49° 4.49° (Average) ;. Sls
A a ab cd
0.42 0.47 0.43 0.35 400 (1) il e s
0.37° 0.43% 0.39" 0.31¢ 850 Shoot Mg concentration (%)
0.45% 0.41% 0.33° (Average) ;. Sls
B c c d -
86.39 89.31 90.23 79.64 400 (k) iy i ool il
104.274 106.86° 114.37° 91.60° 850 Shoot Fe concentration (mg/kg)
98.08" 102.30* 85.62° (Average) ., Sls
B c a d
61.05 61.74 64.23 57.19 400 (gkg) lys i 55 chili
69.28" 69.30° 75.59° 62.95° 850 Shoot Mn concentration (mg/kg)
65.52° 69.91* 60.07¢ (Average) ., Sls
B bc b d
26.42 27.69 28.81 22.75 400 (MEKE) Ly i 63y ki
29.444 30.79® 32.93* 24.61% 850 Shoot Zn concentration (mg/kg)
29.248 30.87* 23.68¢ (Average) ;. Sls

Sl Y S i G SO pSws bl aliel cany 5 gt a0 5 Sl el plsil (P<+/v0) oSSl Osa30 3 eslizud b o Sols 4 lie

Mean comparison using Duncan's test at (P<0.05), means having at least a common Latin letter in each column and row are
not significantly different.
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Table 6. Interaction between different levels of nitrogen and soil texture on the concentration of nutrients in

plant shoot.
(Mmglkg) odis by 055 5 i
Nitrogen added (mg/kg)
LKl Sk sl
Eo 200 100 0 =
Average Soil texture
A a b c
3.09 3.87 3.71 1.69 Sandy Clay Loam () lyo s 59 2 il
3.04% 3.78% 3.71° 1.63¢ Sandy Loam Shoot N concentration (%)
3.83" 3.718 1.66° (Average) Sl
A a b ab
0.38 0.4 0.37 0.38 Sandy Clay Loam (1) lys i s
0.38" 0.37% 0.38% 0.38% Sandy Loam Shoot P concentration (%)
0.39* 0.374 0.38" (Average) Sl
A a b b
4.50 438 434 436 Sandy Clay Loam (1) il it sy S
4.59* 4.51% 4.64° 4,62 Sandy Loam Shoot K concentration (%)
4.65" 4.49° 4.49° (Average) Sl
A a ab c
0.41 0.46 0.43 0.33 Sandy Clay Loam (1) ol e s Sl
0.38" 0.43% 0.39" 0.32° Sandy Loam Shoot Mg concentration (%)
0.45" 0.41* 0.33% (Average) Sl
A a a b -
96.48 98.46 104.96 86.02 Sandy Clay Loam (k) _ulp i ool il
94.19" 97.71* 99.64° 85.21° Sandy Loam Shoot Fe concentration (mg/kg)
98.08" 102.30" 85.62°¢ (Average) Sl
A ab a c
66.41 67.66 72.00 59.58 Sandy Clay Loam (gkg) lys i 55 chile
63.92° 63.38™ 67.81% 60.56° Sandy Loam Shoot Mn concentration (mg/kg)
65.52° 69.91% 60.07¢ (Average) Sl
A a a c
30.56 33.33 34.14 2421 Sandy Clay Loam (EKE) Ly i 63y ki
25.30° 25.15™ 27.6° 23.15° Sandy Loam Shoot Zn concentration (mg/kg)
29.24° 30.87% 23.68°¢ (Average) Sl

Sl Y S i G SO oSws bl altel cainy 5 gt a0 5 Sl el plsil (P<+/v0) oSSl Osa30 3 eslizud b o Sl 4 ie

Mean comparison using Duncan's test at (P<0.05), means having at least a common Latin letter in each column and row are

not significantly different.
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Table 7. Analysis of variance of the effect of CO,, nitrogen and soil texture on the uptake of nutrients in plant shoot.

Dlagye S0
MS o3 L
&3l S gl
¢ T .. L. SOV
S5 PR ol i el A O35 ,5% DF
Zn Mn Fe Mg P N
12814%** 80809 %** 288842%%* 0.8 27893 %* 160.8** 150.07 1 CO,
Sl
18764 %* 11454%* 12991 ** 67.17* 459.59 10.85* 781.9%** 1 Soil)
01
Qs
78163 %* 333563%%* 769280%** 1616.3%* 122115%* 833.8%* 202013%*%* 2 ™)
5[}' X COz
105.9 1432.04 177.65 0.0003 784.27 0.15 0.35 1 .
(CO; x Soil)
05554 x COy
1374%%* T717.7%* 29007%** 0.33 1886.17%* 21.21%** 73.31 2
(CO; xN)
O3p e x S
2473 %% 653.5 673.89 2.94 1763.6** 6.63 65.35 2 .
(Soil x N)
055 x S x COy
71.02 147.2 223.71 0.03 287.3 0.65 20.39 2 .
(CO, x Soil xN)
Lo
229.03 925.2 795.46 15.88 196.2 2.35 57.55 36 .
(Residual)
o s ;
9.32 8.14 5.13 17.39 5.45 7.12 4.05 - S
(A%

* and ** Significant at P<0.05 and P<0.01, respectively.
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Table 8. Interaction between different levels of nitrogen and CO, on uptake of nutrients in plant shoot.

(mg/kg) odis by O35 s Hlhte
Nitrogen added (mg/kg)

o 200 100 0 (mg/1) CO,
Average
A a a b
185.61 249.17 24937 58.30 400 (Mot lpn Liie &35 5 ol
189.15% 255.86° 254.62° 56.96" 850 Shoot N uptake (mg/pot)
252,514 251.99* 57.63° (Average) -l
B b b c
19.70 22.87 23.72 12.50 400 (MPPot) lpn it s r
23.36" 28.86" 27.33% 13.89° 850 Shoot P uptake (mg/pot)
25.86" 25.534 13.20° (Average) -l
B b b d
232.72 276.80 277.07 144.29 400 (Mglpot) lsa i ool i
280.93% 340.12° 335.06" 167.62¢ 850 Shoot K uptake (mg/pot)
308.46" 306.06" 155.96" (Average) -l
A a a b
23.05 29.59 27.91 11.65 400 (MEpot) ol sa i s i
22.79* 29.58° 27.73% 11.07° 850 Shoot Mg uptake (mg/pot)
29.58* 27.82% 11.36° (Average) -l
B c c € _
471.99 560.70 587.35 267.92 400 (MPOD) ulyo s ol o
627.14" 742.16° 811.39* 327.86° 850 Shoot Fe uptake (ng/pot)
651.43° 699.37% 297.89¢ (Average) -l
B c c d
332.76 387.89 418.18 192.22 400 (MGPOL) iy i 5K
414.82% 482.25° 536.70° 225.52¢ 850 Shoot Mn uptake (ug/pot)
435.07° 477 44" 208.87¢ (Average) -l
B c be d
146.12 174.06 187.74 76.55 400 (MGPOL) iy i 655 odor
178.79% 214.44% 233.86° 88.08° 850 Shoot Zn uptake (pg/pot)
194.258 210.80" 82.32°¢ (Average) -l

Sl Y S i G SO pSews bl altel cany 5 gt a0 5 Sl el plsil (P<+/v0) oSSl Oga30 3 a3l b s e Sols 2 ie

Mean comparison using Duncan's test at (P<0.05), means having at least a common Latin letter in each column and row are
not significantly different.
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Table 9. Interaction between different levels of nitrogen and soil texture on uptake of nutrients in plant shoot.

(Mg/kg) odis by O35 5 i

Nitrogen added (mg/kg)

Sl S sl
Eo 200 100 0 '
Average Soil texture
A a ab c
191.42 258.74 254.23 61.28 Sandy Clay Loam (POt s Liie &35 5 oo
183.34% 246.29° 249.75° 53.99¢ Sandy Loam Shoot N uptake (mg/pot)
252514 251.99* 57.63° (Average) Sl
A a a b
22.01 26.97 25.35 13.7 Sandy Clay Loam (MZpot) lpn it s r
21.05° 24.76" 25.71° 12.7° Sandy Loam Shoot P uptake (mg/pot)
25.86% 25.53% 13.20° (Average)  SSle
A a a b
259.92 322.13 298.73 158.9 Sandy Clay Loam (Mglpot) lsa i el
253.73% 294,79 313.39° 153.02° Sandy Loam Shoot K uptake (mg/pot)
308.46" 306.06" 155.96° (Average) Sl
A a ab c
24.10 30.95 29.31 12.05 Sandy Clay Loam (MEpOt) sl sa i wwss i
21.74% 28.22% 26.33° 10.67° Sandy Loam Shoot Mg uptake (mg/pot)
29.58% 27.82% 11.36° (Average) Sl
A a a b -
566.01 661.94 722.74 313.36 Sandy Clay Loam (MPOD) ulys i ol o
533.11° 640.93° 676.00° 282.41° Sandy Loam Shoot Fe uptake (pg/pot)
651.43% 699.37" 297.89¢ (Average) .Sl
A ab a c P .
389.24 454.87 495.86 216.98 Sandy Clay Loam (MGPOL) iy i 5K
358.35° 415.26 459.01" 200.76° Sandy Loam Shoot Mn uptake (pg/pot)
435.07° 477 44" 208.87¢ (Average) Sl
A a a c
182.23 223.96 234.58 88.14 Sandy Clay Loam (MPOL) iy s 655 odor
142.69° 164.54° 187.02° 76.49° Sandy Loam Shoot Zn uptake (pg/pot)
194.258 210.80* 82.32°¢ (Average) Sl

Sl oY S ie O > S Swd Glila el (i) 5 Dt a5 5 Cesl 0l el (P</00) oSSl Osa30 3 eslizud L o Sols 4 lie

Mean comparison using Duncan's test at (P<0.05), means having at least a common Latin letter in each column and row are

not significantly different.
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Abstract

Background and Objectives: Population growth and increased industrial activity in the last
two centuries have led to a significant increase in atmospheric CO, concentration. According to
research, the atmospheric CO, concentration has been increasing constantly since the industrial
revolution up to recent years. The concentration has increased from 270 mg/I before industrial
revolution in the mid eighteen century to about 394 mg/l in 2013. Effects of elevated
CO, concentration on uptake of plant nutrients such as nitrogen, iron, manganese and zinc,
on many agricultural crops have been studied. Improvement of nutritional conditions due to use
of nitrogen fertilizers and increasing atmospheric CO, concentration initiating increased
photosynthesis and dry matter production results in promoting growth and yield increase of
agronomic crops. At the same time this would change the concentration of necessary nutrients
in the plants. This research was conducted with the aim of studying effects of elevated CO,
concentration and nitrogen availability on plant nutrient uptake in wheat.

Materials and Methods: A greenhouse experiment in a factorial (combined) based on
completely randomized design was conducted with soil texture in two levels (sandy clay loam
and sandy loam), nitrogen in three levels (0, 100 and 200 mg/kg from urea CO(NH,),) in 4
replications of each treatment. Treatments were applied under two CO, levels (ambient 400 and
elevated 850 mg/1). A total of 24 pots in each CO, level and 48 pots in total were used. Sixty
days after planting, the aboveground parts were harvested and plant dry matter weight, nitrogen,
phosphorus, potassium, iron, manganese and zinc in shoots were determined and compared.
Results: Results showed that with increasing CO, concentration, in different nitrogen
treatments shoot dry weight of wheat increased on the average by 10.67 percent. Increase in
CO; concentration did not have significant effect on shoot nitrogen and magnesium uptake of
wheat but increased phosphorus, potassium, iron, manganese and zinc uptake by 18.58, 20.72,
32.87, 24.66 and 22.36 percent, respectively. Application of nitrogen fertilizer increased shoot
uptake of nitrogen, phosphorus, potassium, magnesium, iron, manganese and zinc by 337, 93,
96, 145, 135, 129 and 156 percent, respectively and this increase was more intense for
phosphorus, potassium, iron and manganese in elevated CO, concentration.

Conclusion: The amount of chemical fertilizers, especially nitrogen and nutrient balance should
be changed according to the climate conditions. Based on the results of this experiment,
increasing soil nitrogen concentration resulted in an exacerbation of the positive effects of
increasing CO, concentration. Therefore, if there is no limitation in the supply of essential
nutrients, especially nitrogen, wheat growth and shoot uptake of most nutrients will increase
under increased atmospheric CO, concentration.
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