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Effects of combined application of nitrogen and phosphorus on yield and leaf
senescence physiological characteristics in summer maize
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Abstract: Nitrogen and phosphorus, as the essential nutrients for maize growth and development, play an important effect on
maize yield. In this experiment, to investigate the effect of combined application of nitrogen and phosphorus on leaf senescence
physiological and yield formation in summer maize, 11 combined applications of nitrogen and phosphorus treatments in 2020 and
15 combined applications of nitrogen and phosphorus treatments in 2021 were applied using Denhai 111 (DH111) as the test
materials. The results showed that the leaf area index (LAI), the relative chlorophyll content (SPAD), and the antioxidant enzyme
activities [superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT)] of summer maize increased first and then
decreased, and the malondialdehyde (MDA) content decreased first and then increased with the increase of nitrogen application
rate under the same phosphorus application conditions. Under NO-N2 conditions, with the increasing phosphorus application, LAI,
SPAD value, and antioxidant enzyme activity had an increasing trend, MDA content showed a decreasing trend and yield showed
an increasing trend, while with the increasing phosphorus application, LAI, SPAD value, and antioxidant enzyme activity showed
an increasing trend and then a decreasing trend, MDA content showed a decreasing trend and then an increasing trend, and yield
showed an increasing trend and then a decreasing trend in N3 and N4. In 2020, the N3 P1 treatment increased yields by 2.55%
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compared to the N2 P3 treatment. In 2021, the N3 P1 treatment increased yields by 7.36% and 3.31% compared to the N3 PO and
N2 P2 treatments, respectively. Under the experimental conditions, the reasonable combined application of nitrogen and phos-
phorus (180 kg N hm™, 60 kg P hm™) treatment can increase the activities of antioxidant enzymes at the later stage of fertility,
reduce MDA content, maintain a high leaf area index and SPAD values, increase the number of grains per ear and 1000-grain

weight, ultimately leading to higher maize yield.

Keywords: summer maize; combined application of nitrogen and phosphorus; yield; leaf senescence physiological characteristics
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Table 1 Effects of combined application of nitrogen and phosphorus on yield and yield components of summer maize in 2020 and
2021
YVear Treatment Harvest ear n;nnber Grains IOQO-grain Yieldﬁ2
(ears hm ™) per ear weight (g) (kg hm™)
2020 NO PO 62,740 ¢ 357.5h 337.0¢g 8789 k
NO P1 63,782 be 371.7¢g 327.6 h 9029 j
N1 Pl 66,700 ab 432.0 e 3503 f 11,738 h
N2 P1 66,978 a 440.8 ¢ 366.9 be 12,595 ¢
N3 P1 66,978 a 453.4b 370.7 a 13,091 a
N4 P1 67,117 a 433.9 de 368.3 ab 12,471 d
NO P3 65,866 abc 3833 f 323.11 9485 i
N1 P3 65,449 abc 439.5cd 360.6 ¢ 12,060 f
N2 P3 65,241 abc 4593 a 366.4 be 12,766 b
N3 P3 65,033 abc 440.4 c 364.9 cd 12,151 e
N4 P3 64,847 abc 435.9 cde 363.2d 11,939 g
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Year Treatment Harvest ear nﬁlzxmber Grains IOQO-grain Yieldﬁ2
(ears hm ™) per ear weight (g) (kg hm™)
2021 NO PO 63,365 ¢ 388.5¢ 298.9 ab 8558 j
N1 PO 66,367 ab 4503 f 276.8 ef 9618 h
N2 PO 65,700 abc 467.5¢ 286.5d 10,232 fg
N3 PO 65,366 abc 492.7 ab 286.5d 10,729 cd
N4 PO 67,034 a 480.4 cd 276.3 f 10,345 efg
NO P1 64,699 abc 4449 f 278.5 ef 9322 i
N1 P1 66,700 a 467.2 ¢ 280.1 ¢ 10,149 fg
N2 PI 65,700 abc 473.8 de 295.3 be 10,689 cd
N3 PI 66,367 ab 496.7 ab 300.6 a 11,519 a
N4 Pl 66,700 a 476.1 cde 285.0d 10,526 de
NO P2 63,699 be 4414 f 293.4¢ 9592 h
N1 P2 64,366 abc 474.1 de 285.2d 10,117 g
N2 P2 65,033 abc 498.0 a 295.7 be 11,138 b
N3 P2 65,449 abc 486.4 be 295.4 be 10,936 be
N4 P2 66,283 abc 473.1d 285.1d 10,396 ef
F Year (Y) 0.87 ™ 336.19" 7368.11" 824.96"
F-value Nitrogen (N) 3.577 428.39" 269.17" 1155.26™
Phosphorus (P) 2.62™ 25.10" 23.217 66.97"
YxN 0.42™ 15.14™ 65.29" 102.32"
Y xP 0.03™ 51.72" 26.017 16.26™
NxP 1.03™ 20.87" 33.24" 2487
NO: ; N1: 60 kg hm; N2: 120 kg hm™; N3: 180 kg hm™%; N4: 240 kg hm%; PO: ;
PI: 60 kg hm?; P2: 120 kg hm™?; P3: 180 kg hm?; ns =7 5%
1% ; 5%

NO: no nitrogen application; N1: N application rate of 60 kg hm2; N2: N application rate of 120 kg hm™; N3: N application rate of 180 kg
hm™; N4: N application rate of 240 kg hm; P0: no phosphorus application; P1: P application rate of 60 kg hm; P2: P application rate of 120
kg hm2; P3: P application rate of 180 kg hm™. ns: no correlation. * and ™ indicate significant difference in the correlation at the 5% and 1%
probability levels, respectively. Different lowercase letters in the same column are significantly different at the 5% probability level.

R2 AMERENMERERHERERZ M AESFT

Table 2 Analysis of variances on effects of combined application of nitrogen and phosphorus on leaf area index of summer maize

Variance source Tassel stage Milk stage Maturity stage
Year (Y) 4.14" 8.94" 403.71"
Nitrogen (N) 81.40" 128.95™ 75.18"
Phosphorus (P) 1.63™ 429" 2.56™
YxN 3.40 15217 427"
NxP 1.46™ 3.70" 3.64"
et 5% 1%

™: no correlation. " and ™ indicate significant difference in the correlation at the 5% and 1% probability levels, respectively.

2.3 SPAD 2021 N3 PO SPAD VT R3
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Fig. 1 Effects of combined application of nitrogen and phosphorus on leaf area index of summer maize in 2020 and 2021
NO: ;s N1: 60 kg hm%; N2: 120 kg hm%; N3: 180 kg hm%; N4: 240 kg hm%; PO: ;
P1: 60 kg hm™; P2: 120 kg hm™2; P3: 180 kghm? VT R3 R6 ;

5%
NO: no nitrogen application; N1: N application rate of 60 kg hm2; N2: N application rate of 120 kg hm?; N3: N application rate of 180 kg
hm%; N4: N application rate of 240 kg hm™%; PO: no phosphorus application; P1: P application rate of 60 kg hm?; P2: P application rate of 120
kg hm™; P3: P application rate of 180 kg hm™; VT, R3, and R6 represent tassel stage, milk stage, and maturity stages, respectively. Different
lowercase letters indicate significantly different at the 5% probability level.
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Fig.2 Effects of combined application of nitrogen and phosphorus on SPAD values of summer maize in 2020 and 2021
1; SPAD Treatments are the same as those given in Fig. 1; SPAD: the relative chlorophyll content.
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Table 3 Analysis of variances on effects of combined application of nitrogen and phosphorus on SPAD values of summer maize

Variance source Tassel stage Milk stage Maturity stage
Year (Y) 130.09™ 21.97" 220.01""
Nitrogen (N) 71.82" 18.03" 46.29"
Phosphorus (P) 17.427 16.75" 29.22m
YxN 375" 1.20™ 3.05"
NxP 2.28" 0.97"™ 425"
2 e 5% 1%

Treatments are the same as those given in Table 2.™: no correlation. * and ™ indicate significant difference in the correlation at the 5% and

1% probability levels, respectively.
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Fig. 3 Effects of combined application of nitrogen and phosphorus on SOD activities of summer maize in 2020 and 2021
1; SOD Treatments are the same as those given in Fig. 1. SOD: superoxide dismutase
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Table 4 Analysis of variances on effects of combined application of nitrogen and phosphorus on SOD activities of summer maize

Variance source Tassel stage Milk stage Maturity stage
Year (Y) 515.52" 1.27™ 50.68"
Nitrogen (N) 85.85" 165.75™ 103.20™
Phosphorus (P) 12.43" 10.43" 12.19™
YXN 6.41" 2.75"™ 1.70™
NxP 4.63" 6.54"" 13.28"

ns  x xx

2

1% probability levels, respectively.

5%
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1%
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Fig. 4 Effects of combined application of nitrogen and phosphorus on POD activities of summer maize in 2020 and 2021

1; POD

Treatments are the same as those given in Fig. 1; POD: peroxidase.
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Table 5 Analysis of variances on effects of combined application of nitrogen and phosphorus on POD activities of summer maize

Variance source Tassel stage Milk stage Maturity stage
Year (Y) 74.66" 1159.05™ 49.30™
Nitrogen (N) 396.41" 480.10" 204.84"
Phosphorus (P) 23.56" 29.81" 20.43"
YxN 19.88" 4.10" 9.04"
NxP 4.82" 33.117 21.53"

ns ¥

2

*x

5% 1%

Treatments are the same as those given in Table 2.™: no correlation. ~ and *" indicate significant difference in the correlation at the 5% and

1% probability levels, respectively.
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Fig. 5 Effects of combined application of nitrogen and phosphorus on CAT activities of summer maize in 2020 and 2021
1; CAT Treatments are the same as those given in Fig. 1; CAT: catalase.
F6 AMEREMEENR CAT BHEZWNAESH

Table 6 Analysis of variances on effects of combined application of nitrogen and phosphorus on CAT activities of summer maize

Variance source Tassel stage Milk stage Maturity stage
Year (Y) 0.01™ 5.93" 1.04™
Nitrogen (N) 139.81" 155.78" 185.45™
Phosphorus (P) 12.95™ 7.40" 13.62"
YxN 2.04™ 1.64™ 1.06™
NxP 2.71" 7.44" 8.35"
2 et 5% 1%

Treatments are the same as those given in Table 2.™: no correlation. * and ** indicate significant difference in the correlation at the 5% and

1% probability levels, respectively.
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Fig. 6 Effects of combined application of nitrogen and phosphorus on MDA contents of summer maize in 2020 and 2021
1; MDA Treatments are the same as those given in Fig. 1; MDA: malondialdehyde.
#x7 AHLEEXNEEK MDA EEEMAAESH

Table 7 Analysis of variances on effects of combined application of nitrogen and phosphorus on MDA contents of summer maize

Variance source Tassel stage Milk stage Maturity stage
Year (Y) 10.90™ 11.86™ 120.18"
Nitrogen (N) 93.17" 31.29™ 146.00"
Phosphorus (P) 36.60 33.95™ 16.72"
YXN 7.30" 0.31™ 0.19™
NxP 8.83" 5.33" 11.617"
2 weor 5% 1%

Treatments are the same as those given in Table 2.™: no correlation. * and

1% probability levels, respectively.

indicate significant difference in the correlation at the 5% and
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Table 8 Correlation coefficients of yield and yield components, leaf area index, SPAD values, and senescence characteristics
SPAD SOD POD CAT MDA
. . Harvest ear Grains per 1000-grain Leaf area SPAD SOD POD CAT MDA
Correlation Yield . . .. .. ..
number ear weight index value activity activity activity content
1
Yield
0.56" 1
Harvest ear
number
0.39 0.50" 1
Grains per ear
0.68" 0.06 ~0.40" 1
1000-grain
weight
0.97" 0.53" 0.30 0.72" 1
Leaf area index
SPAD 0.88" 0.51" 0.51" 0.49" 0.84" 1
SPAD value
SOD 0.59" 0.55" 0.87" -0.05 0.61" 0.75" 1
SOD activity
POD 0.43 0.51" 0.92" -0.25 0.47" 0.66" 0.95" 1
POD activity
CAT 0.84" 0.70" 0.67" 0.36 0.87" 0.88" 0.89" 0.79" 1
CAT activity
MDA -0.52" -0.58" -0.91" 0.16 ~0.49" -0.76"  -0.92" -0.91" -0.79" 1
MDA content
SPAD SOD POD CAT MDA R
T 1% 5%

SPAD, SOD, POD, CAT, and MDA represent the relative chlorophyll content, superoxide dismutase, peroxidase, catalase, and malondialde-
hyde, respectively. “and ™ indicate significant correlation at the 5% and 1% probability levels, respectively.
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