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Study SMD (95% CI) Weight %
T2 !
9 Mitchell (1995) - 1.11 (0.55, 1.68) 3.02
11 Manderscheid (2003) . 1.00 (-0.50, 2.49) 234
12 Hogy (2010) -0.13 (-1.01, 0.75) 2.83
13 Van Oijen (1999) 1.83 (1.19, 2.47) 2.98
14 Hakala (1998) 0.37 (-0.44, 1.17) 2.88
19 Ludwig (2006) 0.34 (-0.06, 0.73) 3.10
27 Tubiello (2000) -0.35 (-0.74, 0.05) 3.10
30 Fitzgerald (2016) 1.50 (-0.12, 3.13) 2.23
41 SinClair (1995) 0.38 (-1.61, 2.38) 194
7 Rudorff (1996) 3.64 (2.16, 5.12) 2.35
45 Manderscheid (1997) 0.19 (-0.61, 0.99) 2.88
46 Pandey (2009) 8.48(7.23,9.74) 2.54
63 Bourgault (2013) 1.22 (0.74, 1.70) 3.07
68 Asseng (2004) 0.70 (-0.47, 1.87) 2.60
Subtotal (I-squared = 94.1%, p = 0.000) 1.39 (0.59, 2.20) 37.87
T1
15 Tuba (1994) -0.01 (-1.97, 1.95) 1.97
23 Tausz_Posch (2012) 12.74 (10.07, 15.40) 1.49
24 1i (2019) 0.26 (-1.35, 1.87) 224
28 Batts (1997) 1.90 (0.15, 3.66) 213
34 Mearns (1996) -0.16 (-0.58, 0.26) 3.09
36 Fujimura (2012) -0.66 (-1.82, 0.51) 2.61
40 Trnka (2004) 0.33(-0.72, 1.39) 2.70
6 Cuculeanu (1999) -1.02 (-2.36, 0.32) 2.47
54 Tausz_Posch (2015) 2.76 (1.96, 3.56) 2.88
Subtotal (I-squared = 94.0%, p = 0.000) 1.53 (0.04, 3.02) 21.58
TO
22 Verrillo (2017) 1.22 (0.60, 1.84) 2.99
25 Cammarano (2016) 1.33(0.76, 1.89) 3.03
5 Tubiello (2002) 4.42 (1.93,6.92) 1.59
4 Iglias (1995) 0.20 (-1.05, 1.44) 2.55
32 Mitchell (1993) 0.11 (-0.69, 0.91) 2.88
3 Hunkar (1995) -1.13(-1.88,-0.38) 2.92
71 Harisman (2012) 0.80 (-0.39, 1.98) 2.59
42 Weigel (2012) 0.56 (-1.47, 2.60) 1.91
70 Olsen (2000) ¢! 0.00 (-0.28, 0.28) 3.14
69 Lal (1998) | 3.16 (1.87, 4.44) 251
Subtotal (I-squared = 87.1%, p = 0.000) d 0.83(0.13, 1.53) 26.11
. 1
T3 I
31 Grashoff (1995) | —— 4.92 (3.33, 6.51) 2.26
39 Ewert (2002) -‘— 1.02 (-0.20, 2.23) 257
61 Rogers (1998) — 0.29 (-1.69, 2.27) 1.95
62 Ruiz_Ramus (2017) <+ 0.10 (-0.41, 0.60) 3.05
65 Schonfeld (1988) —t——— 1.63 (-0.90, 4.16) 157
66 Wang (2011) - 1.08 (0.54, 1.63) 3.03
Subtotal (I-squared = 85.7%, p = 0.000) <> 1.40 (0.30, 2.50) 14.44
: 1
Overall (I-squared = 91.9%, p = 0.000) 0 1.24(0.79, 1.68) 100.00
NOTE: Weights are from random effects analysis :

| |

-15.4 0 15.4

pAS olS o )Sas (53, COy Lin 381yl 5 50 slages - JSi
Fig. 1- Forest plot of the effect of increasing CO; on wheat crop yield
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Fig. 2- Box plot of the effect of increasing CO, on wheat
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Study

T2

9 Mitchell (1995)

11 Manderscheid (2003)
12 Hogy (2010)

13 Van Oijen (1999)

14 Hakala (1998)

19 Ludwig (2006)

27 Tubiello (2000)

30 Fitzgerald (2016)

41 SinClair (1995)

45 Manderscheid (1997)
63 Bourgault (2013)

68 Asseng (2004)
Subtotal (I-squared = 79.2%, p = 0.000)
T1

15 Tuba (1994)

24 Li (2019)

28 Batts (1997)

34 Mearns (1996)

36 Fujimura (2012)

40 Trnka (2004)

6 Cuculeanu (1999)

54 Tausz_Posch (2015)
Subtotal (I-squared = 86.2%, p = 0.000)
TO

22 Verrillo (2017)

25 Cammarano (2016)
4 Iglias (1995)

32 Mitchell (1993)

3 Hunkar (1995)

71 Harisman (2012)

42 Weigel (2012)

70 Olsen (2000)
Subtotal (I-squared = 82.8%, p = 0.000)
T3

39 Ewert (2002)

61 Rogers (1998)

62 Ruiz_Ramus (2017)
65 Schonfeld (1988)

66 Wang (2011)
Subtotal (I-squared = 50.2%, p = 0.091)

Overall (I-squared = 79.6%, p = 0.000)

NOTE: Weights are from random effects analysis

oolwl b Ly 30l aseioe ool Lo o Stata
o B> eesls (Drop data) esls i as 35 ;)
b sl laa> logas daools (pl Bax> 5l am o)bgo
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las Wools Lee 5l Stata L1381 o 5,0 4 ool cublooly
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o=l 4 a5 SKeal ol 00l b

Doy yiBS
SMD (95% CI) Weight %

1
:—+— 1.11 (0.55, 1.68) 4.00
— 1.00 (-0.50, 2.49) 2.14
—_— -0.13 (-1.01, 0.75) 3.32
! —_—— 1.83 (1.19, 2.47) 3.85
—_— 0.37 (-0.44, 1.17) 3.48
— 0.34 (-0.06, 0.73) 4.32
— 1 -0.35 (-0.74, 0.05) 4.32
: - 1.50 (-0.12, 3.13) 1.95
- 0.38 (-1.61, 2.38) 1.51
e 0.19 (-0.61, 0.99) 3.49
| —— 1.22 (0.74, 1.70) 417
o mmm. om— 0.70 (-0.47, 1.87) 2.71

o 0.65 (0.19, 1.11) 39.26

1

1
: -0.01 (-1.97, 1.95) 154
- 0.26 (-1.35, 1.87) 1.97
- -&- 1.90 (0.15, 3.66) 1.78
- -0.16 (-0.58, 0.26) 4.28
—_—t -0.66 (-1.82, 0.51) 2.72
e o] 0.33 (-0.72, 1.39) 2.94
—_— : -1.02 (-2.36, 0.32) 2.41
—— 2.76 (1.96, 3.56) 3.50

<:j>- 0.43 (-0.57, 1.44) 21.14

|—— 1.22 (0.60, 1.84) 3.89
| —— 1.33 (0.76, 1.89) 4.01
—_— 0.20 (-1.05, 1.44) 2.57
—+:— 0.11 (-0.69, 0.91) 3.49
—_—— 1 -1.13 (-1.88, -0.38) 3.61
——————————e 0.80 (-0.39, 1.98) 2.69
;# 0.56 (-1.47, 2.60) 1.47
- 0.00 (-0.28, 0.28) 4.49
< 0.38 (-0.23, 0.99) 26.22
1
1
——:—+— 1.02 (-0.20, 2.23) 2.62
-&- 0.29 (-1.69, 2.27) 152
—+—=- 0.10 (-0.41, 0.60) 4.12
I -4 1.63 (-0.90, 4.16) 1.07
—— 1.08 (0.54, 1.63) 4.05
[ 0.68 (0.07, 1.30) 13.38

0.55 (0.25, 0.84) 100.00

-4.16

4.16
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Fig. 3- Forest plot of the effect of increasing CO, on wheat crop yield after deleting outlier data
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Test of ©, = 6;: Q(38) = 480.55, p = 0.00
Testof ® = 0: z = 9.34, p = 0.00

o 5 10 15

Gl 36T plomil 51 ary pusS ol o ;Shoe (595 CO; ial38l il (3550 Hlog0s —F JSo
Fig. 4- Forest plot of the effect of increasing CO, on wheat crop yield after sensitivity analysis
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Study with 952 CIl P-value vear
65 Schonfeld 0.93 [ -0.36, 2.222] o.158 1988
32 Mitchell —_— o0.35 [ -0.38, 1.08] o0.349 1993
15 Tuba aa— o.24 [ -0.33, O0.81] o. 411 1994
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Fig. 5- Forest plot of the effect of increasing CO; on wheat crop yield in an increasing order of year
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Introduction: Concerns about the potential effects of climate change on agricultural products have prompted
a significant amount of research in the past decade. Cereals are the most important food supply for the world’s
population. Among various cereals, wheat plays the most important role. In our country, wheat is the most
important crop in the country and has a significant role in feeding people. Due to the importance of this plant
in providing food security, this study was conducted to investigate the increase in the concentration of carbon
dioxide (CO,) on the yield of wheat. For this purpose, the meta-analysis method was used to quantitatively
compare the effects of CO, on wheat crop yield.

Material and methods: The purpose of a meta-analysis is to obtain more information than available
information. In order to obtain the necessary data for the present study, the printed sources review method was
used. Seventy-five articles were extracted on the effects of increasing CO- concentration on wheat yield, then
duplicate articles and articles that lacked the desired data were removed. Among the remaining articles, CO;
information, sample size, average, and standard deviation were extracted. In the next step, these values were
inserted into Excel software, and finally, using Stata V.16 software, the necessary forest plot and funnel plot
were drawn. To investigate the publication bias among the studies, the trim and fill method and drawing its
graphs were used.

Results and discussion: The results of the forest plot showed that after deleting the outlier data, the two T2
(15-25) and T3 (25-35) groups had a greater final effect size (about 1.6), which indicates that with increasing
temperature up to 35 °C, wheat plant yield increased. Also, group TO, which was not mentioned in the articles
of this group, had the lowest effect size (0.38). So, it can be inferred that the yield of the wheat plant will
increase with an increasing temperature between 15 to 35 °C and with increasing CO» concentration in this
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temperature range. Examination of the funnel plot showed that most studies had accumulated at the top of the
diagram. These studies had a smaller standard error, larger sample size, and higher accuracy. Publication bias
was also observed in a positive direction. After drawing the funnel plot, the trim and fill method was used to
estimate the potential missing studies due to the biased dissemination in the funnel plot and the adjustment of
the estimate of their overall effect.

Conclusion: The results of this study showed that the studies conducted in recent years have more reliable
results (due to the larger sample size and greater accuracy in the results of these studies). Also, considering that
increasing the concentration of CO; can also cause an increase in temperature, it is suggested that the interaction
and simultaneous effects of the increasing concentration of CO, and temperature on important crops should be
examined in future studies using the meta-analysis method.
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