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Relationship between photosynthetic nitrogen use efficiency and nitrogen
allocation in photosynthetic apparatus of winter oilseed rape under
different nitrogen levels

LIU Tao, LU Jian-wei, REN Tao” , LI Xiao-kun, CONG Ri-huan
(College of Resources and Environment, Huazhong Agricultural University; Key Laboratory of Arable Land
Conservation in Middle and Lower Reaches of Yangtse River, Ministry of Agriculture, Wuhan 430070, China)

Abstract; [ Objectives ] Nitrogen is one of the most important factors limiting crop photosynthesis. Besides nitrogen
(N) concentration, nitrogen allocation in the photosynthetic apparatus is also an important factor influencing crop
photosynthesis. The aim of this study was to explore effects of nitrogen allocation on photosynthetic apparatus at the
seedling stage of winter oilseed rape under different N levels, to analyze relationship with photosynthetic nitrogen

use efficiency, and to reveal mechanism of photosynthetic nitrogen use efficiency affected by nitrogen. [ Methods )
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An on-farm experiment was carried out to investigate the effects of different N levels (0, 180 and 360 kg/hm’;
marked as N;, N5 and Ni, respectively). Some physiological and photosynthetic parameters (e. g., net
photosynthetic rate(Pn) , nitrogen content, photosynthetic nitrogen use efficiency ( PNUE ) , the maximum rate of
carboxylation( V.. ) and the maximum rate of electron transport (J, . )) of the first fully expanded leaf were

¢ max max

measured to calculate nitrogen allocation in the photosynthetic apparatus ( carboxylation, bioenergetics and light-
harvesting components ). [ Results ] The results show that the N fertilization could significantly enhance crop
growth. The leaf number, leaf area and dry matter of N treatment are significantly higher than those of the N,
treatment. Under different N levels, the leaf nitrogen contents and net photosynthetic rates of the N4 and Ny
treatments are increased by 155.0% , 157.3% and 57.6% , 56. 1% , respectively, compared to those of the N,
treatment. However, photosynthetic nitrogen use efficiencies are significantly decreased, which are 35.6% and
39. 6% lower than that of the N, treatment. The photosynthetic capacity accompanied by the N-fertilizer application
is increased, and the maximum net photosynthetic rates( Pn,,, ), carboxylation efficiencies( CE) , maximum rates of

carboxylation(V_ . )and the maximum electron transport rates(J,, ) of the N, and N, treatments are significantly

higher than those of the N, treatment. The application of N fertilizer also has the effects on nitrogen allocation in the
photosynthetic apparatus. The fractions of photosynthetic apparatus in the N3, and N, treatments are decreased by
29.3% and 34.5% , respectively, and the fractions of the carboxylation ( P.), bioenergetics ( Py ) and light
harvesting system( P, ) are reduced by 24. 1% , 23.3% , 34.6% and 31% , 26.7% , 38.5% , respectively. The
correlation analysis indicates that the PNUE has very significant positive correlation with partitioning coefficient for
the leaf nitrogen in carboxylation and bioenergetics, photosynthetic apparatus, however, it is negatively correlated
with the non-photosynthetic components. [ Conclusions] With the increase of N application rate, the photosynthetic
nitrogen use efficiency at the seedling stage of winter oilseed rape is decreased which is affected by the nitrogen
allocation to photosynthetic apparatus(e. g. , carboxylation, bioenergetics and light-harvesting components). Under
the appropriate N application rate at the seedling stage, synchronizing the nitrogen allocation of photosynthetic
apparatus will be helpful to improve the crop photosynthetic nitrogen use efficiency.

Key words: winter oilseed rape ; photosynthetic apparatus; nitrogen allocation ; photosynthetic nitrogen use efficiency
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Table 1 Effects of different nitrogen levels on physiological characteristics of winter oilseed rape leaves
- IR T AR mETE B AR RS N
AEAKF
Leaf number Leaf area Leaf dry weight LMA Chlorophyll
Nitrogen level ) ) )
(No. /plant) (em®/plant) (g/plant) (g/m”) (mmol/m™)
N, 5.2+0.4b 222 +47 b 2.7+0.5b 122.5+8.1 a 0.73£0.08 b
Nigo 7.6 0.8 a 1072 £109 a 10.5+0.7 a 98.0+4.5b 1.15+0.10 a
360 7.5+0.4 a 898 +144 a 8.6+1.3a 96.6 £10.8 b 1.15+0.05 a

7 (Note) : LMA—Leaf mass per area; [a]%10405 5 AS [6) 521 3 75 Ab B 0] 22 53k 5% Y3 7KF Values followed by different letters in a column

are significant among treatments at the 5% level.

*r2

ARG AKF N LW RFTEERIFM F XS TR

Table 2 Effects of different nitrogen levels on photosynthetic characteristics of winter oilseed rape leaves

REIKF AoH N, HFOLAHA Po B AR PNUE
Nitrogen level (e/m?) [ €O, pmol/(m’ + s) ] [CO, pmol/(g+s), N]
N, 1.31£0.05 b 13.2+0.9 b 10.12 +0.48 a
Niso 3.34£0.39 a 20.8 3.8 a 6.52+1.71 b
N 3.37+0.45 a 20.6+3.6 a 6.11 £0.64 b

7 (Note) : N,—Nitrogen content per area; Pn—Net photosynthetic rate; PNUE—Photosynthetic nitrogen use efficiency; [f)%15#& 5 A [ 71 3%

TNAL R 22 533K 5% B 7KF Values followed by different letters in a column are significant among treatments at the 5% level.
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Table 3 Effects of different nitrogen levels on photosynthetic parameters of winter oilseed rape leaves

. BREOLE A CO, s o SN L AT &S K HL &b A
RFAKF AR
P, CCP Ve mas oo
Nitrogen level ) CE

[CO, pmol/(m” + s) ] ( wmol/mol ) [pmol/(m® - s)] [ pmol/(m® + )]
No 27.0x1.6 b 47.4 1.4 ¢ 0.064 +£0.002 b 47.3+£3.1b 48.8+2.5 b
Nigo 49.3 +4.4 a 52.2+1.6b 0.135 +0.016 a 89.4+4.6 a 93.7+6.5a
Nigo 48.3+3.0 a 56.1+1.4 a 0.129 £0.010 a 85.8+1.7 a 91.2+4.7 a

7 (Note) : Pn,,,—Maximum net photosynthetic rate; CCP—Carbon dioxide compensation point; CE—Carboxylation efficiency; V. ,.,—Maximum

rate of carboxylation; J,,,.—Maximum rate of electron transport; [F]%1 5045 )5 A [F) 70k & 7n Ab Bl [E] 22 573K 5% .35 /K P Values followed by different

letters in a column are significant among treatments at the 5% level.
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Table 4 Effects of different nitrogen levels on nitrogen allocation within the photosynthetic apparatus
of winter oilseed rape leaves
ot B R L HL .
HZEIKF Nitrogen allocation within the photosynthetic apparatus AT
Pmm— bhoto
Nitrogen level BRAILFRGE P, YIRS ) Py LRGPy HAEHT P (?@
(g/g) (g/g) (g/g) (g/g)

Ny 0.29£0.010 a 0.030 £0.0013 a 0.26 £0.017 a 0.58 £0.024 a 0.42 +0.024 b
Nigo 0.22£0.018 b 0.023 £0.0022 b 0.17 £0.010 b 0.41 £0.012 b 0.59 £0.012 a
Nio 0.20£0.017 b 0.022 +£0.0018 b 0.16 £0.003 b 0.38 £0.022 b 0.62 £0.022 a

7 (Note) : P.—The fraction of the carboxylation system; Py—The fraction of bioenergetics; P; —The fraction of light harvesting system; P

photo

The fraction of photosynthetic apparatus; Pmm_phomehe fraction of non-photosynthetic components ; [6)5) 545 J5 A [a] 1 FRm AL BRI 22 573K 5% B

7K Values followed by different letters in a column are significant among treatments at the 5% level.
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Fig. 1

Relationship between photosynthetic N-use efficiency and nitrogen allocation of winter oilseed rape leaves

[ (Note) : P, y—The fraction of carboxylation and bioenergetics; P ,,,,—The fraction of photosynthetic apparatus;

P onphoto—The fraction of non-photosynthetic components; PNUE—Photosynthetic nitrogen use efficiency. ]
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Table 5 Effects of different nitrogen levels on chlorophyll

fluorescence parameters of winter oilseed rape leaves

PSII 52fx Yotk sk Yeik sk
REKT \ iﬁf e[ i 7'6“3?:
. PR Re VES K PR ZE
Nitrogen level
q)Psu NPQ (IP

N, 0.26£0.03 b 2.32+0.28 a 0.62+0.06 b

Nigo 0.45+0.03 a 1.67+0.33b 0.74 +£0.13 ab

Nig0 0.46 £0.01 a 1.49+0.06 b 0.76 £0.01 a

7E (Note ) ; ®pgy—Quantum efficiency of photosystem I1; NPQ—

Non-photochemical quenching; qP—Photochemical quenching
coefficient; [F]F1EHE J5 AN ) 5= B 7% 4 BR8] 22 53K 5% K

Values followed by different letters in a column are significant among

treatments at the 5% level.
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