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The effects of combined nitrogen and potassium application on photosynthesis
and nitrogen allocation in photosynthetic organs of winter oilseed
rape (Brassica napus L.) silique wall

LI Jing, ZHOU Yang-guo, LU Zhi-feng, CONG Ri-huan, LI Xiao-kun, REN Tao", LU Jian-wei
[ College of Resources and Environment, Huazhong Agricultural University / Key Laboratory of Arable Land Conservation (Middle
and Lower Reaches of Yangtze River), Ministry of Agriculture and Rural Affairs, Wuhan, Hubei 430070, China |

Abstract: [ Objectives ] As a typical non-leaf organ, silique wall photosynthesis is an important complement to
photosynthesis in oilseed rape (Brassica napus L.) and a crucial carbon source for building yield in the late growth
stage. This study aims to clarify the effects of nitrogen (N), potassium (K), and their interaction on silique
morphology, photosynthetic characteristics, and N allocation in photosynthetic organs. We also investigated the
mechanism of photosynthetic N use efficiency (PNUE) of the silique wall. [ Methods ] Four N application rates
at 0 (Ny), 90 (Ny), 180 (N,4), and 270 kg/hm* (N,,,) and two K,O rates at 0 (K,) and 120 kg/hm* (K ,,,), were used
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in a two-factor field experiment. The experiment consisted of eight treatments: N,K, N K5, NooKo, NooK 0, N;50K,,
NisoKi20, Ny7oKo, NuyoKis, and each treatment was repeated three times. The photosynthetic and physiological
parameters of silique were evaluated to calculate N allocation in the photosynthetic organs (carboxylation,
electron transport, and light capture system). These included morphological parameters, net photosynthetic rate
(4,), N and K nutrient concentration, PNUE and maximum carboxylation rate (V,,..). [ Results ] Compared with
NyK,, the number of siliques per plant was improved by 1.7-3.0 times, while silique length and area increased
by 12.1%-30.2% and 9.9%-43.8%, respectively, with the combined application of N and K fertilizers. Silique
wall’s N content was reduced by 19.5% with K fertilization at different N application rates. Under different levels
of K application, the K content of the silique wall decreased by an average of 20.9% after N fertilization. Stomatal
conductance (g,), mesophyll conductance (g,,), Ve and 4, increased by 11.1%, 158.8%, 88.2% and 115.0% after
N and K supplementation, in contrast to N,K,. Compared with N,, the photosynthetic system's N pool of the
silique wall increased by 51.1% after N application. However, the N allocation ratio in the carboxylation system
(N,,) and electron transfer system (V,) decreased by 8.4 and 2.5 percentage points, and PNUE reduced by 21.1%.
On the contrary, the photosynthetic N pool and allocation ratio of the silique wall increased by 28.7% and 15.6
percentage points, N, and N, pool improved by 35.9% and 31.4%, and the PNUE was accelerated by 65.7% after
K fertilization compared with the K,. Compared with N K,, although there was a small effect on the improvement
of the N allocation ratio of the photosynthetic system in the siliques wall after the combined application of N and
K, the N pool capacity of the photosynthetic system increased by 90.7%, which was much higher than the
amelioration of the photosynthetic N pool with a single application of N or K fertilizer. PNUE was significantly
and positively related to the K concentration of silique wall and the N allocation ratio of each component in the
photosynthetic system. In contrast, N concentration and the N to K ratio of silique wall was negatively correlated
with the PNUE. [ Conclusions ] The combined application of N and K increased the photosynthetic area of the
siliques wall, coordinated the balance of N and K nutrients, reduced the resistance to CO, transmission, and
promoted the photosynthetic N pool of the siliques wall and improved the N allocation ratio in the photosynthetic
system, thus improving the photosynthetic capacity and optimizing PNUE in the siliques wall. Therefore, in actual
production, it is necessary to apply reasonable N and K fertilizers to maximize individual photosynthetic potential,
so as to improve population productivity and achieve the purpose of increasing production and efficiency.

Key words: winter oilseed rape; combined application of nitrogen and potassium; silique wall;
photosynthetic rate; nitrogen allocation; photosynthetic nitrogen use efficiency
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Table 1 Silique morphological parameters in oilseed rape as affected by N and K application
e LNy SEES 3¢ Frki gL FARK AL FR TR FR S L
Treatment Silique number Seed number Silique length Silique width Silique area LMA
per plant per silique (mm) (mm) (cm?) (g/m?)
N, 101.6+4.7 22.0+0.6 64.02+1.33 4.54+0.11 7.91+0.30 77.7£6.1
Ky 123.0+5.3 22.0+0.7 71.82+3.40 4.27+0.15 8.34+0.61 76.8+5.1
Ny, K, 197.1£9.1 21.1+0.6 60.17+2.47 4.33+0.16 7.10£0.55 82.2+3.2
K 273.7+8.4 22.5+0.3 71.76+2.85 4.44+0.19 8.69+0.71 78.8+3.0
Nig K, 199.1+13.1 20.4+0.5 60.13+1.30 4.75+0.11 7.78+0.30 81.442.3
Kz 381.9423.3 23.7+0.7 82.23+1.73 5.05+0.14 11.29+0.30 75.5+1.8
Ny K, 188.1£17.6 19.6+1.1 59.25+2.57 4.83+0.10 7.79+0.43 82.9+3.9
Ko 403.8+23.3 24.3+0.7 83.32+3.33 5.0240.08 11.37£0.31 73.0+£1.5
F {8 F-value
N 197.4™ 0.2m 6.5 29.2" 22.3™ 1.1
K 418.0" 70.17 258.0" 2.1m 143.4™ 15.1°
NxK 55.8" 14.0™ 15.1 5.0" 16.3"" 2.20s

. *—P<0.05; ¥*—P<0.01; ***—P<0.001; ns—A .3,

Note: LMA—Leaf mass investment per area of silique wall. *—P<0.05; **—P<0.01; ***—P<0.001; ns—Not significant.
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Table 2 N and K nutrients and chlorophyll content of silique wall as affected by N and K application
e Ao g S 233K a MR b B2 b
Treatment N content K content N/K ratio Chlorophyll a Chlorophyll b Chlorophyll a/b
(g/m?) (g/m?) (mmol/m?) (mmol/m?)
N, K, 0.38+0.04 0.85+0.14 0.45+0.04 0.037+0.007 0.015+0.003 2.394+0.28
Kz 0.37+0.04 1.31+0.07 0.28+0.03 0.043+0.008 0.014+0.002 2.99+0.10
Noo K, 0.68+0.04 0.67+0.07 1.02+0.09 0.078+0.008 0.027+0.004 2.81+0.14
Kz 0.55+0.02 1.31+0.06 0.42+0.03 0.069+0.006 0.023+0.002 3.01+0.20
Niso K, 0.84+0.05 0.64+0.05 1.31+0.12 0.079+0.013 0.027+0.005 2.92+0.16
Kz 0.63+0.03 1.07+0.11 0.59+0.08 0.076+0.009 0.025+0.003 3.03+0.15
Nawo K, 1.09+0.07 0.58+0.04 1.90+0.19 0.075+0.008 0.024+0.004 3.07+0.26
Kz 0.86+0.03 0.86+0.04 1.00+0.05 0.098+0.012 0.030+0.004 3.21+0.10
F {f F-value
N 266.6™" 32.6™ 185.9™ 39.2™ 22.8™ 8.2™
K 88.4™ 258.7" 318.2™ 1.8 0.4 16.1*
NxK 10.2"* 6.6 21.5™ 4.7 3.9" 3.1
*P<0.05; **—P<0.01; ***—P<0.001; ns—/ i % Not significant. .
®3 TEEHREELEARAESHISH
Table 3 Silique photosynthesis parameters as affected by N and K application
hb 4, g &n V o o CE PNUE
Treatment [umol/(m?s)]  [mol/(m?*s)]  [mol/(m?s)]  [umol/(m?:s)]  [pumol/(m?s)]  [umol/(m?>s)]  [CO, umol/(g-s), N]
N, 3.02+0.03 0.18+0.02 0.018+0.001 13.1+0.6 38.1+4.9 0.016+0.002 8.08+0.84
Koz 4.01£0.17 0.20+0.03 0.026+0.009 16.4+0.2 49.0+£2.7 0.021+0.003 11.05£1.40
Noo K, 4.37+0.51 0.18+0.01 0.026+0.003 17.4+0.3 50.9+4.8 0.026+0.002 6.40+0.53
Ko 5.70+0.67 0.22+0.01 0.032+0.006 21.742.2 68.1+5.4 0.032+0.001 10.47+1.54
N K, 4.71+£0.32 0.12+0.00 0.027+0.001 19.1+0.3 60.3+1.1 0.022+0.003 5.66+0.63
Kz 6.05+0.19 0.19+0.02 0.034+0.007 22.9+1.2 68.7+7.1 0.031+0.004 9.62+0.61
Naso K, 4.44+0.12 0.13+0.02 0.023+0.001 16.9+2.1 52.1+11.6 0.023+0.002 4.10+0.25
Kz 7.74£0.99 0.19+0.00 0.074+0.039 29.2+1.4 78.9+13.0 0.041+0.004 9.01+1.02
F {H F-value
N 402" 11.9™ 5.0 60.1"" 15.0™ 30.0"" 14.4™"
K 102.2™ 73.3" 12.7 170.5™ 36.4™" 78.6™" 141.1°
NxK 9.4 3.8 4.7 222" 2.4ms 9.1 1.4m

T 4—BOEEE,; ¢—ILTHE; g MRS, V.. —BRKRILER; J,— KB FE3EE; CE—RIEEE; PNUE—LE AR
PR, *—P < 0.05; **—P<0.01; ***—P <0.001; ns—/A .
Note: 4,—Net photosynthetic rate; g—Stomatal conductance; g,—Mesophyll conductance; V,,,—Maximum carboxylation rate; J,,,—Maximum
electron transport rate; CE—Carboxylation efficiency; PNUE—Photosynthetic N use efficiency. *—P<0.05; **—pP<0.01; ***—pP<0.001; ns—Not

significant.

i FH ) S s, RAEME S PNUE FBRR T 21.1%,
MR AEAEAR T 21.1%, TR AEHE 7 PNUE $25& T

65.7%, ELBAIE i X PNUE 42 78 H Bl 000 it 1
RO =i



53 W, s AECERT S R B AR BOG G4 B BB s IR 875
18 [N, o K, [ Noo
o Ky
12 -
o ® o
' LY
e 2 . s 2 .
r8° 0 t d of 4 °
0 ;f' oL L ': Lo *
= o 50, 100 150 200 , , 50 100 150 200
E, 0 400 800 1200 1600 2000 O 400 800 1200 1600 2000
i)
g _ _
E.; 18 Niso N7
~ + + +
12 + oo ¢ L * + + +
¢ ¢
6 r ° ¢
4 ¢ 4
< ® +
2 2 ¢
é% of  + - = o of 4+ °
0 '; _* ’é '?e t <
250 100, 150 200 i 250 100 150 200
0 400 800 1200 1600 2000 O 400 800 1200 1600 2000

C; [umol/mol]

2 FEIRMIEAE THEAR CO, R phsk

Fig. 2 CO, assimilation response curve of oilseed rape silique under different N and K application rates

24 TEIAHEAENEHRAREAERER
STECHIEZ N

RPPAT it A i £ SR e R i (3R 2), 3B X
R TSR IRIL RS A (V). B TEB RS
AN HOERGEA (V) FEHEEE A (N Nyw) FER
R He il e g 2 5 m (18] 3). MR R  EELL N,
K NNy HE, 535005 AR 2 12.0%~34.7%
F147.3%~79.9%, 125 CHEHR S48 A
o7 EA /N . U AT it HH 2 S A AR A R (V)
FABEA R, SN AL, RS
N, FERSEBRIN T 51.1%, (H68 RS A L)
(PN,.,) FIFAR T 1124 E 504, Hh N, 5 N, 4rid
FeBl 43 BIFRAR T 8.4 F11 2.5 AN 40, 1 N 20 Bd e
e B E G S B T 0.34 N E 25 5 AU
AR, B0 S T LS 4R e A R e A &
SRR RAEC LG, S5AMEETALFEAR LG, HE
G AR N, AR 8E 5 T 28.7%, PN, 1

T 15.6 AT, A EXDEA VR A
SRS B AAE 22 5 kB0, FIOIEHE RS XT N,
PEASSE ISR THE ek, BE IR T3k 35.9%, HUOE
N, Jiti 80 )5 FE3E it Tk 31.4%, i & AR it A %
N, FEZ R THE AT RN, T e N s T
4.2%; SAHERA LA BEA b, RS R S G
G RGRSEHIFH RS T 2.9 A, HG
BRBGRIERFTHIRTET 90.7%, e T it &0
(51.0%) B PG4T AE (28.7%) X F 51 2 64 RUE Y
Tt
25 XERFAYE. HRESELEHASARK
AT SEEMXR
255t & AR AR (PNUE) 508 K A
BRSSO A L CR T LLE#] (B 4), PNUE 5
AR R G A I R R E N R, H
HEMILHCRE REY), M50 R R o= R
WEIEMIEER, HILATIL, PNUE Z &80 555 127



876 W) E SR 50 R 284

I~y 0PN, B PN, [ 1PN,

67.2%
K, 58.4%
6.6%%__V/8.1%
26.9% . i~
19.6%
51.4%
N 0\
10.7% 053
7&%%%? °7WM‘..}1W
34.7%
30.7%
NU N90

79.9%
%
4.2% 3.9%
12%

NISO

3 FEIRFRENIAREAEERGR I
Fig. 3 Effects of different N and K supply on N allocation within the photosynthetic apparatus of silique wall
TE: ARSI ST TE FFR 2R RO G RGP R R4 AR, BURFOR BT (%); DFER/NLUR N BEE A FoR M R B 2 A &
H (gm’); PN—RICRGEHEIIRCLLH]; PN FALIBLIN M LB PN—CR B RIS s PN, IE A RS TELL A o

Note: The sector diagram filled with different colors shows the N distribution of different components in the silique wall photosynthetic system, and

the data shows the proportion of N distribution, the unit is %; the size of pie chart and the data of inner-circle indicate the total N content of silique

wall, the unit is g/mz; PN,—The fraction of nitrogen allocated to carboxylation system; PN,—The fraction of nitrogen allocated to electron

transport components; PN,—The fraction of nitrogen allocated to light capture system; PN,,, ,..—The fraction of nitrogen allocated to non-

photosynthetic nitrogen.

AR, RENE IR M PNUE 28 F R, s nT
PIME KHB 4R = PNUE, 4, PNUE 32064 R4H0¢
HROECHI R, HaHTaT LA H, PNUE 5%
BREPH£AT IR B E EHE LR, Hbh S
BAL RS RIYBC LB (PN,,) AR, SRt
BRGERAII ] (PN,onpen) B AR [RIRE
b, AR B R GRS IC L2 R AR 4
XA, W RGN E L] (PN,).
RAL R GRS BC H ] (PN.,) FTH FA% 336 40 3 1 5%
Bt FL 5] (PN, 5 A S B i S B 3 kR G, il
GBI BT LA (PN, pe) 5 AR BCAE R
WEIEASG; MR, LA RGP AFRA S AN
19105 £ SR R Y A S IR AR OGR4l
SR C AT (PN, ) 5 F0 T B 0 S0 2 35 1
M. S5MAREAST RIS ML, fMfERKEH
X R B G R GRS LU 2 ZE B R,
AT L, R R it P 3 o R A SR R U R
I ECAE DT IR 5 F R B B 2R 48 043 I L £33 1 4

P2 PNUE, BE&E MR R T8 AR TR A e
PR R LOIF R, AtE 410 /i el bt
SPECPNUE TR, Ml & magsmse s moeaa s
IR BC ], AR T ARG A 2 23 R B e
M5 PNUE,

3 e

A DG A AR R m A A 7 T Y
EEER, AMAEEY LT REERTR,
PR AR YDA RBRADE S EI™. AT, A
B C It AT AR AR BOG S AL, R A R B A
FROP RG], R AR B 2R, AR
JCREAAR, BB AR B RO R e,
TSRS CO, [RMLRE ST 1 I KRR (V) F
RAACR (CE) 2 AP E IR AL R I 72 HAR B 3%
B HAE o AL FHXS 2 B2 CO, [RIfLRE 12
Wi 2 B IS A4 B S R SR, A AR AN IR I, ML
FH R AR INXE V. AT CE RY4RTHE AN, X 22



54 2R, AR RAPECHE A R B SR SOt G e e

PNUE N% K% N/K
0.10 -

005 - —0.625%** 0.900%** —0.851%**
0.00 -

12 LA - /\

10 -

0.8 - efeed, —0.621 %% 0.888%**
0.6 =

1.5 ». % /\/\
1 \ —0.842%**
1.0 - ‘..- 5

20 » ()

c"'

5.07.510.012.50.60.81.01.2

El 4 ZHRAREALE

2ﬁ%%xﬂAW
sl il

051015204 6 8

AT R 877
PN, PN,, PN, PNuon-psn
]
0688+ 0.963%+* 0.887%%* ~0.952%%%  Z
es]
—0.530%* —0.733 %+ —0.738 %+ 0.739%%* §
0.562%** 0.893%* 0.886%** —0.888*** 3
—0.685%** —0.909%** —0.886%** 0.914%** §
g
0.647%%* —0.743%%*  Z
=
—0.994%5*  Z

o]
—(.973%** gz

sl

10 20 30 50 7.510.0 50 60 70 80
AFAYE. XERGHFRNELHSHREFTIERXER

Fig. 4 Relationship between photosynthetic N utilization efficiency, N distribution ratio in the photosynthetic system,
and nutrient content of siliques wall in winter rape

IE: PNUE—UHRAAABE: N—AREA S =
THBH SR PN—DCRERAE LS PN,

K%—fR 8% i s NIK—AR AL PN —

RILRGRTBLLLS]; PN —H

A EGE RS S, **—P<0.01; ***—P <0.001,

Note: PNUE—Photosynthetic N use efficiency; N%—N concentration of silique wall; K%—K concentration of silique wall; N/K—N/K ratio of

silique wall; PN,—The fraction of nitrogen allocated to carboxylation system; PN,—The fraction of nitrogen allocated to electron transport

components; PN,—The fraction of nitrogen allocated to light capture system; PN,

nitrogen. ¥**—P < 0.01; ***—P < 0.001.

SR B AR R IR A O, AR N/KT,
HEFUE 2L, R K R 2 5 B0l & SR A
2, IR E A B AR AT, BRI
[P RS A2 B, BN e A2 T AR Rk
fiti & Rubisco flf & EEAIENE, $205 Ve M1 CE, 21
PR a AR B AR R ERBPE SRR, A
PRECHE AT LA PR 4 CO, AL MIRIALRE Sy, MTiT
SEICAAE >0 A 2R B SV It [ T A b
CO, 45 B3 CO, [AMERETT, T2 5 1> A 2R
EY S

BIAWTIER, AOESE REHRY R BL L,

AR EAEYDERRE S, MR A FOE A AL
AR Mu B CE FOR ERIRTIE R B, KM i)

TRAEZ MR T AR 708, AN Y980 4

nps— 1 e fraction of nitrogen allocated to non-photosynthetic

o R G R A BE B DL IR R A B . A g
R HE G T AR OB REAE, HREIRT M
RECA RGP A S BE B T RIS T AR A
RA AL (PNUE); MR, #IEHEH G e m T
AR EOCE RERAE LB, Hrh xR RS
RO LB FHAE T B K . Warren 450545 = A
iR A L Rubisco BETE PEEAG, oA mey
Rubisco M 2 LA RINIE XAE7E, JHICA AL RE
1o P, FEE AR MR R R G T
SYBC L BIRREAR, JFAZE AR E 1 Rubisco B & i T
R, TR A AL PR A 1 Ll A A BRAIR, A

MFEAL T PNUE. A4 & M R B E REEA ST
e b = 22 5 R0 R 45 Rubisco il 2 2 A& M2 =
WU, 28 b, AR AR T E A%, AR



878 R R R L S

28 4

1T 50 A A B HL ), 1 B0 RE it AT LS 35
WA ARG T, B A ARG A EC ],
e R 2 PNUE,

4 555

RILEZ RAVE RS IR, JE S
R SRR AL AR 4, RS
B it P A 2R B R E R L BGE AR R
CO, &5 KR # VI o Tt &R 34 T 1 2R B R
Ve, HRER TOLA R4 410 BT Be He
MMIFEAR PNUE. A5, SPACHEH 2 e i T AR
BRI, BT R R G AL B, SRR
R 4,, UGE PNUE. AN, ZUBEFECHE X RER f 2R
B RTHERIE R R, 7ES2hrd = i 2 R IT
EHLEC I, AEHG AR B SRR R R &
RGRITE B, AT R R AR AR TH A &
AE, HETIHE R A ) LS I 84350 F Y

& £ X -

[1] Simkin A J, Lopez-Calcagno P E, Raines C A. Feeding the world:
improving photosynthetic efficiency for sustainable crop production
[J]. Journal of Experimental Botany, 2019, 70(4): 1119-1140.

[2] Sanchez-Bragado R, Molero G, Reynolds M P, ef al. Relative
contribution of shoot and ear photosynthesis to grain filling in wheat
under good agronomical conditions assessed by differential organ
3'3C[J]. Journal of Experimental Botany, 2014, 65(18): 5401-5413.

[3] Brazel A J, O'Maoileidigh D S. Photosynthetic activity of
reproductive organs[J]. Journal of Experimental Botany, 2019, 70(6):
1737-1753.

[4] Kuail,SunY Y, Zuo Q S, et al. The yield of mechanically harvested
rapeseed (Brassica napus L. ) can be increased by optimum plant
density and row spacing[J]. Scientific Reports, 2015, 5(1): 18835.

[51 #ASCHR, i MU, 25, 55 ANFERAL I A3 E2O0E 4B
B, PR R4, 2021, 43(5): 843-850.

Hu W S, Meng F J, Li J, et al. Effects of potassium application rate
on succession of main photosynthetic organs in oil seed rape[J].
Chinese Journal of Oil Crop Sciences, 2021, 43(5): 843-850.

[6] BennettE J, Roberts J A, Wagstaff C. The role of the pod in seed
development: Strategies for manipulating yield[J]. New Phytologist,
2011, 190(4): 838-853.

[7] ZXiong DL, Liu X, Liu L M, et al. Rapid responses of mesophyll
conductance to changes of CO, concentration, temperature and
irradiance are affected by N supplements in rice[J]. Plant, Cell &
Environment, 2015, 38(12): 2541-2550.

[8] LiY,RenB B, Ding L, et al. Does chloroplast size influence
photosynthetic nitrogen use efficiency?[J]. PLoS ONE, 2013, 8(4):
€62036.

[9] Ghannoum O, Evans J R, Chow W S, et al. Faster Rubisco is the key

to superior nitrogen-use efficiency in NADP-malicenzyme relative to

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

NAD-malic enzyme C, grasses[J]. Plant Physiology, 2005, 137(2):
638-650.

KIEAE, PRIGIR, SRARBL VR TR0 iy A BRI AI 5 5% e R
[M]. dbgt: EglR2E R, 2012, 38-42.

Mi G H, Chen F J, Zhang F S. Physiological basis and genetic
improvement of nutrient use efficiency in crops[M]. Beijing: China
Agricultural University Press, 2012. 38-42.

Kunz H H, Gierth M, Herdean A, et al. Plastidial transproters KEA1,
-2, and -3 are essential for chloroplast osmoregulation, integrity, and
pH regulation in Arabidopsis[J]. Proceedings of the National
Academy of Sciences of the United States of America, 2014, 111(20):
7480-7485.

HASCIRF, Bliakid, o L4, 55, R0 A R BO L B T
WAL [I]. A A BEA, 2019, 55(6): 774-782.

Hu W S, Lu Z F, Meng F J, et al. Effect of potassium application rate
on photosynthesis of winter oilseed rape (Brassica napus L. ) silique
wall[J]. Plant Physiology Journal, 2019, 55(6): 774-782.

Franks P J, Drake P L, Beerling D J. Plasticity in maximum stomatal
conductance constrained by negative correlation between stomatal
size and density: An analysis using Eucalyptus globulus[J]. Plant,
Cell & Environment, 2009, 32(12): 1737-1748.

Kim T H, Bohmer M, Hu H H, et al. Guard cell signal transduction
network: Advances in understanding abscisic acid, CO,, and Ca®*
signaling[J]. Annual Review of Plant Biology, 2010, 61: 561-591.
LuZF,LuJ W, Pan Y H, ef al. Anatomical variation of mesophyll
conductance under potassium deficiency has a vital role in determining
leaf photosynthesis[J]. Plant, Cell & Environment, 2016, 39(11):
2428-2439.

Yamashita T, Hikasa S. Changes in photosynthesis and content of
ribulose bisphosphate carboxylase and other cellular constituents
depending on the level of potassium supplied to mulberry (Morus
alba L.)[J]. Soil Science and Plant Nutrition, 1988, 34(4): 627-631.
Hou W F, Yan J Y, Jakli, B, et al. Synergistic effects of nitrogen and
potassium on quantitative limitations to photosynthesis in rice (Oryza
sativa L. )[J]. Journal of Agricultural and Food Chemistry, 2018,
66(20): 5125-5132.

Long S P, Bernacchi C J. Gas exchange measurements, what can they
tell us about the underlying limitations to photosynthesis? Procedures
and sources of error[J]. Journal of Experimental Botany, 2003, 54:
2393-2401.

Ethier G J, Livingston N J. On the need to incorporate sensitivity to
CO, transfer conductance into Farquhar-von Caemmerer-Berry leaf
photosynthesis model[J]. Plant, Cell & Environment, 2004, 27(2):
137-153.

Wintermans J, De Mots A. Spectrophotometric characteristics of
chlorophylls a and b and their pheophytins in ethanol[J]. Biochim
Biophys Acta, 1965, 109(2): 448-453.

Takashima T, Hikosaka K, Hirose T. Photosynthesis or persistence:
Nitrogen allocation in leaves of evergreen and deciduous Quercus
species[J]. Plant, Cell & Environment, 2004, 27(8): 1047-1054.

Niinemets U, Tenhunen J D. A model separating leaf structural and


https://doi.org/10.1093/jxb/ery445
https://doi.org/10.1093/jxb/eru298
https://doi.org/10.1093/jxb/erz033
https://doi.org/10.1038/srep18835
https://doi.org/10.1111/j.1469-8137.2011.03714.x
https://doi.org/10.1371/journal.pone.0062036
https://doi.org/10.1104/pp.104.054759
https://doi.org/10.1073/pnas.1323899111
https://doi.org/10.1073/pnas.1323899111
https://doi.org/10.1146/annurev-arplant-042809-112226
https://doi.org/10.1080/00380768.1988.10416479
https://doi.org/10.1021/acs.jafc.8b01135
https://doi.org/10.1093/jxb/erg262
https://doi.org/10.1016/0926-6585(65)90170-6
https://doi.org/10.1016/0926-6585(65)90170-6
https://doi.org/10.1093/jxb/ery445
https://doi.org/10.1093/jxb/eru298
https://doi.org/10.1093/jxb/erz033
https://doi.org/10.1038/srep18835
https://doi.org/10.1111/j.1469-8137.2011.03714.x
https://doi.org/10.1371/journal.pone.0062036
https://doi.org/10.1104/pp.104.054759
https://doi.org/10.1073/pnas.1323899111
https://doi.org/10.1073/pnas.1323899111
https://doi.org/10.1146/annurev-arplant-042809-112226
https://doi.org/10.1080/00380768.1988.10416479
https://doi.org/10.1021/acs.jafc.8b01135
https://doi.org/10.1093/jxb/erg262
https://doi.org/10.1016/0926-6585(65)90170-6
https://doi.org/10.1016/0926-6585(65)90170-6

54

P, S REMECHEXT S R RO S BOC G A B AT R

879

(23]

[24]

[25]

[26]

physiological effects on carbon gain along light gradients for the
shade-tolerant species Acer saccharum[J]. Plant, Cell & Environment,
1997, 20(7): 845-866.

Nolan W G, Smillie R M. Temperature-induced changes in Hill
activity of chloroplasts isolated from chilling-sensitive and chilling-
resistant plants[J]. Plant Physiology, 1977, 59(6): 1141-1145.

Hu W S, Ren T, Meng F I, et al. Leaf photosynthetic capacity is
regulated by the interaction of nitrogen and potassium through
coordination of CO, diffusion and carboxylation[J]. Physiologia
Plantarum, 2019, 167(3): 418-432.

Hu W, Coomer T D, Loka D A, et al. Potassium deficiency affects
the carbon-nitrogen balance in cotton leaves[J]. Plant Physiology &
Biochemistry, 2017, 115: 408-417.

Rachmilevitch S, Cousins A B, Bloom A J. Nitrate assimilation in
plant shoots depends on photorespiration[J]. Proceedings of the

National Academy of Sciences of the United States of America, 2004,

[27]

(28]

[29]

[30]

101(31): 11506-11510.

Ali S, Hafeez A, Ma X L, et al. Equal potassium-nitrogen ratio
regulated the nitrogen metabolism and yield of high-density late-
planted cotton (Gossypium hirsutum L. ) in Yangtze River valley of
China[J]. Industrial Crops and Products, 2019, 129: 231-241.

Zhu X G, de Sturler E, Long S P. Optimizing the distribution of
resources between enzymes of carbon metabolism can dramatically
increase photosynthetic rate: A numerical simulation using an
evolutionary algorithm[J]. Plant Physiology, 2007, 145(2): 513-526.
Mu X H, Chen Q W, Chen F J, et al. Within-leaf nitrogen allocation
in adaptation to low nitrogen supply in maize during grain-filling
stage[J]. Frontiers in Plant Science, 2016, 7: 399.

Warren C R, Dreyer E, Adams M A. Photosynthesis-Rubisco
relationships in foliage of Pinus sylvestris in response to nitrogen
supply and the proposed role of Rubisco and amino acids as nitrogen

stores[J]. Tree, 2003, 17(4): 359-366.


https://doi.org/10.1104/pp.59.6.1141
https://doi.org/10.1111/ppl.12919
https://doi.org/10.1111/ppl.12919
https://doi.org/10.1073/pnas.0404388101
https://doi.org/10.1073/pnas.0404388101
https://doi.org/10.1016/j.indcrop.2018.12.009
https://doi.org/10.1104/pp.107.103713
https://doi.org/10.1007/s00468-003-0246-2
https://doi.org/10.1104/pp.59.6.1141
https://doi.org/10.1111/ppl.12919
https://doi.org/10.1111/ppl.12919
https://doi.org/10.1073/pnas.0404388101
https://doi.org/10.1073/pnas.0404388101
https://doi.org/10.1104/pp.59.6.1141
https://doi.org/10.1111/ppl.12919
https://doi.org/10.1111/ppl.12919
https://doi.org/10.1073/pnas.0404388101
https://doi.org/10.1073/pnas.0404388101
https://doi.org/10.1016/j.indcrop.2018.12.009
https://doi.org/10.1104/pp.107.103713
https://doi.org/10.1007/s00468-003-0246-2
https://doi.org/10.1016/j.indcrop.2018.12.009
https://doi.org/10.1104/pp.107.103713
https://doi.org/10.1007/s00468-003-0246-2

	1 材料与方法
	1.1 试验点概况
	1.2 试验设计
	1.3 测定项目与方法
	1.3.1 角果光合指标的测定与计算
	1.3.2 角果皮特征参数的测定
	1.3.3 角果皮光合系统氮分配估算

	1.4 数据统计分析

	2 结果与分析
	2.1 不同氮钾肥用量对冬油菜角果形态的影响
	2.2 不同氮钾肥用量对冬油菜角果皮氮钾养分及叶绿素含量的影响
	2.3 不同氮钾肥用量对冬油菜角果皮光合特性的影响
	2.4 不同氮钾肥用量对冬油菜角果皮光合系统氮分配的影响
	2.5 光合氮利用效率、叶片氮分配比例与角果皮氮钾养分含量间的关系

	3 讨论
	4 结论

