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Effect of tetramethyl glutaric acid on summer maize photosynthesis characte-
ristics

MA Zheng-Bo, DONG Xue-Rui, TANG Hui-Hui, YAN Peng, LU Lin, WANG Qing-Yan, FANG Meng-Ying,
WANG Qi, and DONG Zhi-Qiang

Institute of Crop Sciences, Chinese Academy of Agricultural Sciences / Key Laboratory of Crop Physiology and Ecology, Ministry of Agriculture and
Rural Affairs, Beijing 100081, China

Abstract: In this study, we explore the effect of tetramethyl glutaric acid (TGA) photosynthesis characteristics and yield in sum-
mer maize. Field experiments were conducted in Xinxiang experimental station of Chinese Academy of Agricultural Sciences in
2018 and 2019. Two widely planted maize cultivars were planted, and five TGA application gradients (0, 75, 150, 225, and 300 g
hm?) were carried out. The results showed that the appropriate TGA treatment could increase maize yield, delay functional leaf
senescence rate during the whole growth stage, and enhanced net rate during the grain-filling stage, respectively. The optimal
TGA dosage was 150 g hm ™, the yield of Zhongdan 909 (ZD909) and Jingnongke (JNK728) respectively increased by 8.7% and
11.7% compared to the control treatment in two experimental years under the optimal TGA treatment. Furthermore, chlorophyll
content, soluble protein content and leaf area duration of ZD909 and JNK728 increased by 14.3% and 19.7%, 18.7% and 22.7%,
10.9% and 16.9%, respectively, in contrast, leaf senescence rate decreased by 55.9% and 56.5%, respectively during the experi-
mental years. In addition, net photosynthetic increase by 44.0% and 58.4%, respectively, during the grain-filling stage. Correlation
analysis indicated maize yield was significantly negatively correlated with leaf senescence rate during the whole growth period,
and significantly positively correlated with net photosynthetic rate during grain-filling stage. In conclusion, suitable TGA treat-
ment could delay leaf senescence rate by increasing leaf chlorophyll and soluble protein content, and improve ear leaf net photo-
synthetic rate during the reproductive growth stage, and ultimately increased maize yield.
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Fig. 1 Daily precipitation and mean temperature (line) during maize growing season from 2018 to 2019
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Table 1 Effects of TGA treatments on two variety of maize yield components in 2018 and 2019
Variety Treatment Ear length Blade length Ear mirznber Kernel nﬁt]1mber Kernel weight Yieldﬁ i
(cm) (cm) (m™) (ear) ©® (kg hm™)
2018
728 CK 15.5+0.7 a 2.3+0.4 a 68889 b 340.9+37.5 a 335.1+£7.4 b 9159+264 b
INK728 TGA1 15.6£0.9 a 2.2+0.4 ab 68518 b 345.6+29.8 a 326.4+53 b 9173+£326 b
TGA2 15.9+0.7 a 1.8+0.8 ¢ 71481 a 352.5440.9 a 332.7+0.8 b 9899£171 a
TGA3 16.0+1.1 a 2.44+0.6 a 68889 b 338.8+36.5a 346.3+4.6 a 9609+354 ab
TGA4 15.8+0.8 a 2.0+0.6 be 71111 ab 358.6+26.8 a 333.7+1.9b 9698+168 ab
909 CK 17.2+0.9 ab 0.8+0.7 a 69629 a 443.6+38.6 b 278.248.1 a 9715172 b
ZD909 TGA1 17.5+1.1 ab 0.5+0.5 a 69629 a 469.0+52.8 a 283.0+11.1a 10,268+65 ab
TGA2 17.8+1.0 a 0.5+0.5 a 69259 a 468.5+24.9 a 287.7£3.7 a 10,508+541 a
TGA3 17.2+0.8 ab 0.8+0.8 a 68148 a 439.2+37.3 b 290.6+8.0 a 9969+345 ab
TGA4 17.1+0.8 b 0.840.5 a 68889 a 428.3£37.4b 291.743.7 a 9691£133 b
2019
728 CK 17.8+1.3 b 2.6+0.7 a 67340 a 446.4£51.2 b 318.2+11.7b 11,145£1493 b
INK728 TGA1 17.7£1.3 b 2.4+0.8 a 68080 a 448.8£51.3 b 340.9+7.0 a 11,921+336 ab
TGA2 18.7+0.8 a 1.7+0.7 b 68450 a 481.1+46.2 a 337.5+4.8 a 12,852+193 a
TGA3 18.3+1.1 ab 2.3+09 a 69190 a 465.8£50.0 ab  334.4+13.4ab  12,274+318 ab
TGA4 17.9+0.9 b 2.4+0.8 a 69930 a 445.6+46.2 b 338.5+9.2 a 11,968+404 ab
909 CK 18.8+0.8 ab 2.0+0.5a 68080 a 496.9+38.3 b 314.0+0.5 ¢ 11,434+200 b
ZD909 TGALl 18.6£1.0 b 1.740.6 a 65860 a 503.5+38.2 a 330.1+1.3 a 12,330+345 a
TGA2 19.2+0.7 a 1.9+0.4 a 67340 a 526.2+31.4 a 324.443.0 ab 12,488+187 a
TGA3 18.6x1.0 b 1.840.7 a 67710 a 510.5£56.1 a 320.4+9.9 be 12,134+446 a
TGA4 19.0+0.7 ab 1.9+0.5 a 67340 a 502.5+43.2 a 318.0+2.7 be 12,284+538 a
INK728: 728; ZD909: 909; CK: ; TGA1 TGA2 TGA3 TGA4 TGA 75 150 225 300 ghm™
P <0.05

JNK728: Jingnongke 728; ZD909: Zhongdan 909; CK: control; TGA1, TGA2, TGA3, TGA4 denote the TGA application rate of 75, 150, 225,
and 300 g hm?, respectively. Values followed by different letters within a column are significantly different at the 0.05 probability level

among different treatments.
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Fig. 2 Effects of different TGA treatment on NAR of two varieties of maize in 2019
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CK: control; TGA1, TGA2, TGA3, TGA4 denote the TGA application rate of 75, 150, 225, and 300 g hm>2, respectively. Vertical bars repre-
sent the LSDg s value; V13, VT, R2, R4, and R6 denote the maize of trumpeting, silking stage, milk stage, dough stage, and maturity stage,
respectively.
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Fig.3 Effects of different TGA treatment on LAD of two varieties of maize in 2019
2 Abbreviations and treatments are the same as those given in Fig. 2.
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Table 2 Effects of TGA treatments on P, of ear leaf of two varieties of maize in 2019

Variety Treatment Silking stage Growing rate (%) Dough stage Growing rate (%)
728 CK 24.9+4.7b — 12.9£2.7b —
JNK728 TGALl 28.7+5.0 ab 15.3 16.7+2.0 ab 29.5
TGA2 33.0+0.3 a 32.5 23.0+1.3 a 78.3
TGA3 31.7+0.3 ab 27.3 18.7+0.3 ab 45.0
TGA4 28.8+4.4 ab 15.6 16.8+1.4 ab 30.2
909 CK 23.6+5.8b — 18.6£4.3 b —
ZD909 TGAL 28.6+3.4 ab 21.2 20.1+8.1b 8.1
TGA2 30.844.2 a 30.5 293140 a 57.5
TGA3 28.2+0.8 ab 19.5 22.7+3.6 ab 22.0
TGA4 22.2+1.7b -5.9 17.0+4.0 b -8.6

1 P<0.05

Abbreviations and treatments are the same as those given in Table 1. Values within a column followed by different letters are significantly

different at the 0.05 probability level among different treatments.
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Fig. 4 Effects of different TGA treatment on the concentration of chlorophyll of two varieties of maize leaves in 2019
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Fig. 6 Effects of different TGA treatment on the leaf senescence rate of two varieties of maize in 2019
2 Abbreviations and treatments are the same as those given in Fig. 2.
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Table 3 Effects of different TGA treatment on parameters of grain filling characteristics of two varieties of maize in 2019

Variety Treatment W (me) T (d) Vinax (mg kernel Hdh D (d)
728 CK 167.5 22.1 11.0 46.8
INK728 TGA1 174.4 24.1 11.5 45.3
TGA2 176.1 24.0 12.1 43.6

TGA3 175.1 233 12.6 41.7

TGA4 174.2 22.8 12.8 40.7

909 CK 145.4 24.0 10.3 43.5
ZD909 TGA1 149.2 24.1 11.0 40.8
TGA2 154.8 25.1 10.6 43.7

TGA3 160.0 26.0 9.8 48.8

TGA4 157.3 26.3 9.4 50.0

1 Abbreviations and treatments are the same as those given in Table 1.
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Table 4 TGA treatment of Pearson correlation between yield and other characteristics
. Chlorophyll . Net assimilation  Leafarea Leaf senescence Grain filling
Item Yield Soluble protein .
content rate duration rate P, rate
. 1.00
Yield
0.58 1.00
Chlorophyll content
_ 0.56 0.98" 1.00
Soluble protein
0.73" 0.58 0.63" 1.00
NAR
0.62 0.93" 0.93" 0.56 1.00
LAD
0.91" -0.63" -0.55 -0.76° -0.59 1.00
Leaf senescence rate
» 0.79" 0.64" 0.49 0.73" 0.64 -0.91" 1.00
o 0.15 -0.55 -0.58 -0.12 -0.51 —-0.087 0.27 1.00
Grain filling rate
LT P<0.05 P<0.01
*, " indicate significant correlation at P < 0.05 and P < 0.01, respectively.
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