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Effects of chemical topping with fortified mepiquat chloride on photosynthetic
characteristics of cotton leaves under different nitrogen rates
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Hong-Hail’*
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Abstract: This study aims to explore the effects of fortified mepiquat chloride (25% DPC, 1,1-dimethyl piperidinium chloride) on
cotton leaf photosynthetic regulation under different nitrogen fertilizations. Field experiments were used Xinluzao 53 and con-
ducted split plot arrangement with three nitrogen (N) fertilizer levels [150 (N}), 300 (N5), 450 (N3) kg hm™] and three DPC" doses
[450 (P}), 750 (P,), 1050 (P3) mL hm™]. Chlorophyll content, leaf area, gas exchange, chlorophyll fluorescence parameters and
dry matter accumulation were investigated. With the increasing nitrogen application level, the chlorophyll content, leaf area, gas
exchange parameters, chlorophyll fluorescence parameters and reproductive organs dry matter accumulation were increased first
and then decreased. P|N;, P,N,, and P;Nj; treatments had greater reproductive organ dry matter accumulation, chlorophyll content,
net photosynthetic rate (P,), actual photochemical efficiency (@psyy), electron transfer rate (ETR), and lower non-photochemical
quenching (NPQ). N,P, treatment increased chlorophyll content, P,, T}, G, @psy, ETR, reproductive organs dry matter accumula-
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tion by 15.52%, 29.39%, 27.97%, 36.77%, 23.28%, 23.55%, 8.41%—22.24% respectively, while reduced NPQ by 34.54%, com-
pared with other counterparts. The correlation analysis showed that the dry matter accumulation was significantly positively cor-
related with chlorophyll content, leaf area, P,, G,, @pgy;, and significantly negatively correlated with NPQ. In conclusion, the ap-
plication of nitrogen fertilizer at 300 kg hm™ in combination with DPC* (750 mL hm™) improved leaf photosynthetic characteris-
tics and promoted the distribution of photosynthates to reproductive organs due to increased dry matter accumulation.

Keywords: cotton; nitrogen application rate; DPC"; chemical topping; dry matter accumulation
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Fig. 1 Effects of chemical capping on cotton chlorophyll contents under different nitrogen rates
FF: ; FB: ; BO: s N (150 kg hm™); N,: (300 kg hm™); Nj: (450 kg hm™); Py: ;P

DPC"(450 mL hm™); P,: DPC*(750 mL hm™2); Ps: DPC*(1050 mL hm )
FF: full flowering stage; FB: full bolling stage; BO: boll opening stage; N;: low N rate (150 kg hm?); N,: middle N rate (300 kg hm?); Nj:
high N rate (450 kg hm™); Py: artificial topping; P,: low dose of DPC™ (450 mL hm?); P,: middle dose of DPC* (750 mL hm); P;: high dose

of DPC" (1050 mL hm™?).
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Table 1 Effects of chemical capping on cotton leaf area (m> hm™) index under different nitrogen rates
2013 2014
Treatment
Full flowering Full boll Boll opening Full flowering Full boll Boll opening
Ny 22608 ¢ 38656 ¢ 36204 ¢ 22207 ¢ 38556 ¢ 36604 ¢
N, 27345b 41950 b 38904 b 26945 b 41900 b 39004 b
N; 28409 a 43090 a 40113 a 28298 a 43006 a 40127 a
P, 26635 a 42571 a 39506 a 26280 a 42238 a 39650 a
P, 26679 a 41392 ab 38495 ab 26398 a 41170 a 38379b
P; 25022'b 39923 ¢ 37555b 24733 b 39795 b 37781 b
Py 26146 a 41041 be 38072 b 25857 a 41413 a 38502 b
NPy 22399 f 38269 be 36059 e 21997 fg 38169 fg 36461 de
NP, 23900 e 39967 b 37356 de 23498 e 39766 def 37959 cd
NP, 22768 ef 39074 be 36091 e 22371 ef 38776 efg 36489 de
NP3 21365 f 37314 ¢ 35307 e 20964 g 37514 g 35508 e
N,Py 27337 bed 42502 a 39209 abed 26938 cd 42003 abc 38611 be
N,P, 26973 cd 43296 a 39713 abc 26575 cd 43196 ab 39912 abc
N,P, 28800 ab 42247 a 39237 abed 28399 ab 42047abc 38936 be
N,P; 26269 d 39753 b 37456 cde 25870 d 40354 cde 38556 be
N3Py 28901 ab 42351 a 38947 bed 28635 ab 44069 a 40435 ab
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#x1
2013
Treatment
Full flowering Full boll Boll opening Full flowering Boll opening
N;P, 29033 a 44451 a 41448 a 28766 a 41081 a
N;P, 28469 abc 42854 a 40157 ab 28425 ab 39712 abc
N;Ps 27747 bed 42702 a 39902 ab 27366 be 39280 abc
N * * * * *
P * * * * *
NxP * ns ns * ns
ns: 0.05 *: 0.05
1

ns: no significant difference at the 0.05 probability level. *: significant difference at the 0.05 probability level. Values followed by different

letters are significant difference at the 0.05 probability level within a column in the same year. Abbreviations are the same as those given in

Fig. 1.
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Fig. 2 Effects of chemical capping on cotton gas exchange parameters under different nitrogen rates (2014)

1 Abbreviations are the same as those given in Fig. 1.
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Fig. 3 Effects of chemical capping on cotton F,/F,, under different nitrogen rates
1 Abbreviations are the same as those given in Fig. 1.
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#2 DPC'HEMNAEEAZ
Table 2 Effects of chemical capping on cotton @pg;; under different nitrogen rates

THRIE @psn HIR N

2013 2014
Treatment
Full flowering Full boll Boll opening Full flowering Full boll Boll opening

N, 0.49 a 0.38 a 0.32b 036¢ 0.29 ¢ 0.16 ¢

N, 0.57 a 043 a 0.36 a 0.50 a 0.35a 0.26 a

N; 0.49 a 0.38 a 0.34 ab 0.47b 031b 0.22 b

P, 0.50 a 0.40 a 0.35a 0.45b 0.31b 0.22 b

P, 0.52a 0.39a 0.34a 047 a 0.35a 0.22 b

P; 0.52a 0.39a 033 a 0.43 be 0.31b 0.16 ¢

Py 0.53 a 0.40 a 035a 041c 0.29 b 0.25a
NPy 0.51 abc 0.38 a 0.33a 0.33 ef 0.26 f 0.20 ef
NP, 0.61 abc 042 a 0.37 a 0.43 cd 0.34b 0.30b
NP, 0.44 abc 0.34a 0.32 ab 036e¢ 031 cd 0.09 h
NP3 0.39¢ 0.33a 0.28 b 030 f 0.25f 0.051i
N,Py 0.63 ab 042 a 0.37 a 0.47 be 0.33 be 0.30b
N,P, 0.46 abc 0.40 a 0.34a 0.51b 0.31 bed 0.19 fg
N,P, 0.68 a 043 a 0.37 a 0.59a 0.41a 0.34a
N,P; 0.52 abc 0.41a 0.37 a 0.42d 0.34 be 0.21 de
N;Py 0.42 abc 0.38 a 0.35a 0.43 cd 0.29 de 0.24c
N;P, 0.43 be 0.34a 0.33a 0.41d 0.27 ef 0.17 g
N;P, 0.44 abc 0.37 a 0.34a 0.47 be 0.32 bed 0.23 cd
N;P; 0.64 ab 0.40 a 0.37 a 0.57 a 0.34b 0.23 cd

N ns ns * * * *

P ns ns ns * * *
NXP * ns * * B3 B3

ns: 0.05 *: 0.05 0.05

1

ns: no significant difference at the 0.05 probability level. *: significant difference at the 0.05 probability level. Values followed by different

letters are significant difference at the 0.05 probability level within a column in the same year. Abbreviations are the same as those given in

Fig. 1.
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Table 3 Effects of chemical capping on cotton electron transfer rate under different nitrogen rates

2013 2014
Treatment
Full flowering Full boll Boll opening Full flowering Full boll Boll opening

N, 112.09b 106.81 a 97.03 a 101.04 b 65.97b 43.58 b

N, 143.09 a 112.14 a 105.68 a 126.81 a 75.57 a 56.89 a

Ns 127.59 ab 10597 a 99.25 a 90.38 ¢ 66.87 b 29.16 ¢

P, 128.25a 104.69 a 100.76 a 106.24 b 72.16 b 42.74 a

P, 13140 a 11522 a 105.99 a 117.34 a 80.09 a 43.85a

P; 135.10 a 113.61 a 103.08 a 116.19 a 70.02 b 42.95a

Py 115.60 a 99.71 a 92.79 a 84.54 ¢ 55.61c 4330 a
NP, 104.98a 94.04 a 91.18 a 80.02 e 56.36 hi 37.98 fg
NP, 126.54 a 112.10 a 104.41 a 115.28 be 73.01 de 57.70 b
NP, 11245 a 111.15a 102.10 a 105.79 cd 67.89 def 43.40 de
N, P; 104.41 a 106.76 a 90.44 a 103.08 d 66.61 ef 3526 ¢
N,P¢ 120.29 a 103.01 a 96.47 a 100.36 d 58.92 gh 51.24c¢
N,P, 143.82 a 11236 a 106.52 a 123.42b 79.42 be 61.03 b
N,P, 159.12 a 120.85 a 113.79 a 143.76 a 89.66 a 69.17 a
N,P; 149.12 a 113.68 a 10592 a 139.70 a 74.29 cd 46.11d
N3Py 116.68 a 102.09 a 90.73 a 7324 ¢ 51.541 40.69 ef
N;P, 11439 a 96.98 a 92.75 a 80.02 e 64.05 fg 9.49 i
N;P» 122.65 a 104.42 a 102.06 a 102.47 d 67.89 b 18.99 h
N;Ps 151.76 a 120.39 a 112.87 a 105.79 cd 69.17 def 47.47 cd

N ns ns ns * * *

P ns ns ns * * ns
NxP ns ns ns * * *

ns: 0.05 *: 0.05 0.05

1
ns: no significant difference at the 0.05 probability level. *: significant difference at the 0.05 probability level. Values followed by different
letters are significant difference at the 0.05 probability level within a column in the same year. Abbreviations are the same as those given in
Fig. 1.

Fz4 DPCHIZEMARERE THTE NPQ I

Table 4 Effects of chemical capping on cotton non-photochemical quenching under different nitrogen rates

2013 2014
Treatment
Full flowering Full boll Boll opening Full flowering Full boll Boll opening

Ny 112.09b 106.81 a 97.03 a 101.04 b 65.97b 43.58 b
N, 143.09 a 112.14 a 105.68 a 126.81 a 75.57 a 56.89 a
N; 127.59 ab 105.97 a 99.25a 90.38 ¢ 66.87 b 29.16 ¢
P, 128.25a 104.69 a 100.76 a 106.24 b 72.16 b 4274 a
P, 13140 a 11522 a 105.99 a 11734 a 80.09 a 43.85a
P; 135.10 a 113.61a 103.08 a 116.19 a 70.02 b 4295a
Py 115.60 a 99.71 a 92.79 a 84.54 ¢ 55.61 ¢ 4330 a
NP, 104.98a 94.04 a 91.18 a 80.02 ¢ 56.36 hi 37.98 fg
NP, 126.54 a 112.10 a 104.41 a 115.28 be 73.01 de 57.70 b
NP, 11245 a 111.15a 102.10 a 105.79 cd 67.89 def 43.40 de

N,P; 104.41 a 106.76 a 90.44 a 103.08 d 66.61 ef 3526¢
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2013 2014
Treatment
Full flowering Full boll Boll opening Full flowering Full boll Boll opening
N,P, 120.29 a 103.01 a 96.47 a 100.36 d 58.92 gh 51.24c¢
NP, 143.82 a 112.36 a 106.52 a 123.42b 79.42 be 61.03b
N,P, 159.12 a 120.85 a 113.79 a 143.76 a 89.66 a 69.17 a
N,P; 149.12 a 113.68 a 10592 a 139.70 a 74.29 cd 46.11d
N3P, 116.68 a 102.09 a 90.73 a 7324 ¢ 51.541 40.69 ef
NP, 114.39a 96.98 a 92.75a 80.02 ¢ 64.05 fg 9.49 i
N;P, 122.65 a 104.42 a 102.06 a 102.47 d 67.89 b 18.99 h
N;P; 151.76 a 120.39 a 112.87 a 105.79 cd 69.17 def 47.47 cd
N ns ns ns * * *
P ns ns ns * * ns
NxP ns ns ns * * *
ns: 0.05 *: 0.05 0.05

1

ns: no significant difference at the 0.05 probability level. *: significant difference at the 0.05 probability level. Values followed by different

letters are significant difference at the 0.05 probability level within a column in the same year. Abbreviations are the same as those given in

Fig. 1.
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Fig. 4 Effects of chemical capping on rate of reproductive organ dry matter under different nitrogen rates
1 Abbreviations are the same as those given in Fig. 1.
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Table 6 Correlation coefficients between the measured parameters and shoot and reproductive parts dry mass in different periods

SDM RODM LA Chl P, T: G, Fy/Fn DPps 11 ETR NPQ
Growth stage Parameter

SDM 1
Full flowering RODM 0.882"" 1
LA 0.901"  0.838" 1
Chl 0.788"  0.894™  0.7137 1
P, 0.941" 08877 0.764" 08777 1
T, 0.353 0.536 0.113 0.602°  0.617" 1
G, 0.837  0.857"  0.638" 0851 09557  0.769" 1
Fy/Fy  0.300 0.346 0.101 0.248 0.273 0.122 0.236 1

Dpsy 0.649° 0.827  0.499 0.870™  0.806  0.718"  0.808" 0333 1
ETR 0.427 0.584" 0.262 0.614"  0.620° 0.824™  0.742" —-0.004  0.685" 1
NPQ —0.687° -0.884" —0.581* -0.879" -0.821"" -0.811" -0.872"" -0.316 -0.869" -0.782"" 1

SDM 1
Fullboll  RODM  0.643" 1
LA 0.903"  0.552 1
Chl 0.506 0.693" 0.316 1
P, 0.583" 0.834"  0.453 0.734" 1
T, 0.173 07117 0.122 0.647°  0.665" 1
G, 0.568 0.885"  0.521 0.719"  0.933"  0.607" 1
FJ/Fy  0.138  —0.181 0210 -0.359 -0308  -0.326 —0.350 1
Gpsy 0.344 0.786"  0.267 0.857  0.640" 0.826"  0.683" -0.313 1
ETR 0.060 0.303 0.014 0.666"  0.419 0.681° 0330  —0.137  0.667 1
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(5% 6)
SDM  RODM LA Chl P, T, G, FulFn Dps |y ETR NPQ
Growth stage Parameter
NPQ 0471 -0.828" -0.372 -0.912" -0.788" -0.847" —-0.797" 0246 -0.933" -0.683" 1
Full boll
SDM 1
Boll opening  RoDM  0.809™ 1
LA 0.864™  0.464 1
Chl 0.707" 0.888"  0.393 1
P, 0.682" 0.806"  0.354 0.930" 1
T, 0.373 0.714™  0.011 0.878™  0.782" 1
G, 0.684" 0.954"  0.325 0.926"™  0.863  0.799" 1
FJF, -0.083 0.163  -0.379 0.324 0.292 0.476 0.219 1
Dpsyy 0.605 0.735™  0.445 0.690" 0.514 0.571 0.692° -0224 1
ETR 0.224 0.641° —0.113 0.772"  0.682" 0.916™  0.719" 0376  0.520 1
NPQ -0.546 -0.866" —0.231 -0.888"" —0.777" -0.825" —0.872"" -0.233 -0.716" -0.888" 1
T 0.05  0.01
" and *" indicate significance at the 0.05 and 0.01 probability levels, respectively.
(251 psII
3 itig
(Drsm) PSII
s PSII
; ; (ETR)
[20]
s [26], NPQ
[21]
» NaoPy PSII
(Chl) ; PSII , ®psy ETR,
, [27-28] ,®psy  ETR  DPC’
s cDPSII ETR,
) NPQ DPC*
[10-11]
PSII PSII ;
, (LA) DPC*
N
, DPC , N3P, i PSII ’
LA , N,P, PSII
b 2
> 5 [29]
[22] [20] _
; (301 ,329.53 kg hm™ ,
DPC* ,
’ ; 360kghm™ 480 kg hm™
,Chl P, T. G , ,
23-24
s N2P2 P} [ ] N ,
2 B
) N;P; , N,P,
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DPC” )
(31] , Chl LA P, G,
, NPQ
, DPC* ,
4 g
DPC”
, DpC’
DPC”
(750 mL hm™?) , (300 kg hm™)
, PSII
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