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Effects of Soil Nitrogen and Phosphorus Stoichiometric
Characteristics on Photosynthetic Gas Exchange and
Chlorophyll Fluorescence of Wheat

FU Weiguo, WANG Fankun, ZHAO Yun, TENG Boqun, WANG Yuxuan

(Institute of Agricultural Engineering, Jiangsu University, Zhenjiang. Jiangsu 212013, China)

Abstract: To clarify the effect of stoichiometric of soil available nitrogen (N) and phosphorus (P) on the
photosynthetic characteristic of wheat, we conducted a pot experiment with 16 different N-P levels to
examine the characteristic of photosynthetic gas exchange and fluorescence parameters of ‘Zhenmail68”’ in
response to different N-P treatments. Our results showed that: (1) The chlorophyll content of the wheat
leaves increased with an increase of soil available N and P. (2) Photosynthesis (P,) exhibited a continu-
ously increasing trend with decline of soil N/P ratio under the condition that soil available N was less than
258.4 mg + kg '. In contrast, photosynthesis (P,) firstly showed an increasing trend and then decreased
under higher N level with 308.4 mg « kg '. (3) F,, F.., ¢P and ®@ps values of wheat increased 7. 27 % —
20.00%, 5.28% —16. 15%, 6. 64% — 20. 92% and 6. 95% — 18. 82% , respectively, and NPQ value
decreased 7. 42% —25.63% under decline of soil N/P treatments with the same level of available N. Our
results suggested that both of P, and ®ps; of Zhenmail68 reached the highest level and showed strong light
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energy use efficiency under higher N-P level condition with 2. 88 value of N ¢ P ratio.

Key words: ecological stoichiometry; photosynthetic physiology; chlorophyll; nitrogen and phosphorus; wheat
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Table 1 N, P levels and N, P stoichiometric characteristics

in soil with different treatments

saecr RN it EENP

: ’ /(mg kg ') /(mg-kg ) T
Ny Po 108. 4 29.6 3.66
Ny Py 108. 4 49. 6 2.19
NoP; 108. 4 69. 6 1.56
NoP; 108. 4 89. 6 1.21
N, Py 208. 4 29.6 7.04
N, P, 208. 4 49.6 4. 20
N, P, 208. 4 69. 6 2.99
N, Py 208. 4 89.6 2.33
N, Py 258.4 29.6 8.73
N, P, 258. 4 49.6 5.21
N, P, 258. 4 69. 6 3.71
NP3 258. 4 89.6 2.88
N3Py 308. 4 29.6 10. 42
N3 P, 308. 4 49.6 6.22
N3 P 308. 4 69. 6 4. 43
N3 P; 308. 4 89.6 3. 44
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1.3.2 XESEXZHMSH  RMELHE Li-6400
fii % X% & /E F I & {X (Li-Cor 6400, Lincoln,
USA), F 2015 4F 4 H 24 H GERID E4 930~
10:00 e 4 32 25 J 000 5 ¥ O 5 M 38 (P, pmol
m s DRI FEG mol « m™* - s ]
CO, ¥ & (Ciy pmol « mol ') 1 7& & # % (T,,
mmol * m ™ * « s DFENAAEL S

1.3.3 MERWASH T 2015441 25 HGE
KW T 7:00~9:00, F I 6 i 2 K 926 AL
(Imaging PAM, Heinz Walz, Effeltrich, Germany)
AT — BRIV R 5O S E I B . D & S )
XA /NEZ FE AT 30 min B AL B, SR L e A S
R PO TSR AR A Es B SRl 2E T T I8 i
£ (measuring light, ML) FI4f F1 ik #f 5% (satura-
tion pulse,SP) , 15 M F it 4 R F /N0t Fo ook
POt Fo U PSR4 777 8 Fo/Fos SR
J& JF 2 581 pmol ¢ m 2 « s ' BG4k Ot Cactinice
light, AL)  #E4T M- 28 R 9L 3 J1 2 5 5 56 ik,
FEBE 20s FF I — YLK e o DATI 2K A5 16 A bk e 2]
QN — B I 23 R 96 2 BN S BROG AR 22 RO Dosyr
A AR qP FAEGA K NPQ 4.

M2 R 9B 1 F P S AOE MR E IEDL S
AR (PAR) } 0,1,21,41.76,134,205,298,
456.,581.,726.,923 il 1 176 pmol « m * « s~ "AL R
b 2, A B B ) B IS 1) Sy 20 s R4 T RLC RPN E - A
M43 B A XS H T L 3B 3 3 ETR,

1.4 HiEAEMSIT S0

Xof A BRSP4 3 Uk S ICT A ME S SR AT O 22
81 (Anova) s J+7E o= 0. 05 /KT 347 Tukey £
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PRI AF TR e /NE R e N, 4b B

O I S S B A 5 N s P IR
S Py 390 T 11.82% ,20. 45 % F1 42. 81 % s 7E Py 4b
FRELT iR S b T3 N P s
AR N, 88T 23.32% .24, 60 % F1 41, 21 %,

2.2 AELENPKE[NEHHRAXERELZ R
SH MR

MK 3 AW TE AL N & 5/ 1258, 4
mg * kg "B, BI7E Ny Ny A1 Ny ALK T, /NZE
RO A R (PO 3 N 2 P R AR B
e s A i £ g AL N & o 308. 4 mg -
kg "B, BIAE Ny AbEEOKF TR, H P, M-8 NP
P4 3 A T 22 B S S 1S I 5 B AR A R . 7E - A%
P KFARR AL EE T N0 R P, B 3% N = P
Jmidgn . B AE AL N & &l 258. 4 mg »
kg ' (N B 3K B fe R fH . fF B3 AL N JKSEAH TR
WRERR L P, P {ERE 5N = PR RSB0 T
2.59% .6.85% 1 8. 33 % ; 7F - 3 2L P /K V- A [F]
PR L P, P {E RS 5 N = PR gy B0 m T
3.98% ,13. 66 % i1 10. 44 %,

A, 3% 3 ik R /NZ M G, F T, % 3
AN P Ak B B A ] ) g 1 A Ak ks B A
AL N KA R AR BER , B3 Y bl -4 N = P AR
I 2 30 R 1 Y s A - R AL P oK A [R]
SRR L R N s P RSN E I SR 5
FEARAY 35, H I 7E + A0 N % & 258, 4 mg +
kg™ ' (N Ak 8 5 K AH (NP, F1 N, P, 40 B T, Bk
A AR . fE AL N K AR AT .G,
SEX(E B - N+ PO R RE Sr H n T 16,82
30. 8400 F1 28. 97 % . i T, “F-¥{EKE -3 N = P [
NS BN T 9. 65% .16, 37% F117.22% 5 1E +
AL P A AR AL B R LG, P E R 4 N 2 P
B 38 hn 43 4 N T 16. 3590 .43, 27 % 1 30. 77 % L i
T, FI{ERE+3E N = P BROms 5 m 1 8. 02%.
21. 62201 16.82% . BLAb /N2t F i) CO, ¥R B
(COHEHzrg w4 i 7 /6 & 383, e R [R) + 15
NP K AP b B ] A7 R 3K 22 5 (P<<0. 05),
FE R N KEAHR A T, Co (AR 4 N = P
B e S 300 A 8 348 o g e A, LS B0 43 300 14 in
T 6.09%.7.28 % F 8. 12% ; T 7F 4= 3 3 2k P /K F
FHFEAE T L C fE I BE + 58 N = P Ay 34 i &2 8 %
R AT 3 4 28 A a3 HOF S AE Py /K TR BEAR
T 1.33% 1M P, F1 Py /KPR P B{E 43 53 n T
6.47% 1 7.96% .
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Table 2 The chlorophyll content of wheat leaves under different nitrogen and phosphorus application lelels

- 4% & & & Leaf chlorophyll content/(mg + g 1)
1.5 N P K

Soil N, P level I 7 RE ) I
Jointing stage Booting stage Filling stage
No Py 2.29040.102 i 2.45240.103 h 3.12540.101 j
No Py 2.51440.135 h 2.76240.116 g 3.49740.104 1
NoP; 2.54540. 134 gh 2.85840.109 fg 3.7704+0.112 h
No P 2.72540.126 fg 3.0464-0. 103 de 4.465740. 132 cde
N, Py 2.74240.108 ef 2.83540.131 fg 3.86140. 128 gh
NP, 2.8254+0.112 cd 2.94140. 105 ef 4.06740.122 {g
N, P, 2.91940. 123 be 3.13940. 118 cde 4.24740. 142 ef
N, P; 3.04640.113 be 3.24040. 124 be 4.54040. 152 cd
N, Py 2.688%0.108 fg 2.85240.101 fg 3.79740.133 h
N, P, 2.78640.129 de 2.92940.122 ef 4.27340.142 ef
N; P, 2.92940. 138 be 3.20240. 137 be 4.34340. 105 de
N, Ps 3.13140. 131 ab 3.276740.126 be 4.66640. 149 be
N; Py 2.66440.142 fg 3.09240.109 cd 4,42340.123 cde
N3Py 2.75640.124 ef 3.1794-0. 147 d 4.64740.162 be
N3P 3.09540.116 ab 3.41340.127 b 4.78640. 158 ab
NP3 3.27740.143 a 3.64940.133 a 4.97140.161 a

T R B AN R B R A BRRLAE 0. 05 AKFAFE B EHEZE S TR

Note: The different normal letters in the same column indicated significant difference among treatments at 0. 05 level. The same as below

R3 FRLEERBMAFTEESEZBRSH

Table 3 Photosynthetic gas parameters of different nitrogen and phosphorus application levels

+ 3 NP K +HEN:P HobA R SILSRE 7 R HiiE] CO. #e B

Soil N, P level Soil N : P P./(pmol * m™% «s71)  G¢/(molem™ 2« s 1) T./(mmol * m™ %« s 1) Ci/(pmol » mol™1)
Ny Po 3.66 12.54+0.02 1 0.22740.02 k 3.46+0.20 o 138+10.2 i
No Py 2.19 13.34+0.74 h 0.2640.04 i 4,01+0.211i 155411, 2 ef
Ny P2 1.56 13.340.09 h 0.2840.05 h 3.84+0.52 1 152+10.5 {g
NoP; 1.21 13.640.39 0.2840.02 h 3.91+0.28 k 158+12. 8 de
N, Py 7.04 13.54+0.28 g 0.257+0.03] 3.77£0.04 n 142+13.4 h
N, Py 4.20 13.640.05 f 0.29740.03 g 3.80+0.47 m 144410.7 h
N, P, 2.99 13.640.84 f 0.3240.03 f 4,224+0.41 g 149+14.1 g
N, Ps 2.33 14.14+0.12 ¢ 0.3540.04 d 4.65+0.41d 160+12.1 cd
N: Py 8.73 14,44+0.47 d 0.3240.01 f 3.93+0.34] 149+12.4 ¢
N, P, 5.21 14.4+0.10 d 0.36740.07 ¢ 4,6540.15d 165411.5 ab
N;P; 3.71 15.44+0.11 b 0.4040.04 b 4.90+0.25 b 165+13.5 ab
N, P; 2.88 15.740.87 a 0.417£0.03 a 5.03+0.19 a 163+11.9 be
N3Py 10. 42 13.6+0.25 f 0.2840.03 h 4,1740.12 h 162412, 2 be
N3Py 6.22 14.140.06 ¢ 0.34+0.01 e 4,3540.38 f 163413. 8 be
N3P, 4.43 15.440.46 b 0.40+0.03 b 4.8840.42 ¢ 168+14.2 a
N3 Ps 3. 44 15.140.31 ¢ 0.34740.02 e 4,38740.70 e 158+10.7 de
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2.3 AELTENPKERNEHFHEELAXS
HH R M

4 WoR G E B HEHES N KA R AL B R L 0E
h Fo AR F, (HFE+ 58 N = PRy REAR 2 B0 22
R e 7E LA PP AHE AR R F,
Bifi 4 N = P38 2 30 Se B 5 AR i AR
e mirt 5 F, B 58 N s P Ag3E i &2 305 18 hn
JEREMR R AR B, HIE L N S &R
258.4 mg * kg ' (Ny) ZbBEEF K B f K, fF
BN KCFA R AL BER  i  Fo PR R N s P
B RRAR A 38 n T 7. 27 % (14, 55 % F1 20. 00% , F,,
SEEE A BIBEAIN T 5. 28%.,9. 94 Y% 1 16. 15 % 578 +
AL P ACE AR AR B R L ik R Fo S 2 (R B A
N+ P 38 Jin 43 0 3 im 7 15. 09% ., 22. 64% F
20.75%  F, EIME S SI3EN T 7. 35% .24, 280 Fl
12.14% . 78 Ny fb¥KPF . ik | F/F, Bl +3EN
Py B 52 B S 18 S R I i A2 Ak i 35 76 Ny A
N, Kb BEKSFF WBE 43 N = P Ay 38 i &2 30 AR
B AR fE Fa e T 7 Ny ALK R Rl 38 N ¢ P g3
IR R A e, fE Py 1 Py b KR
T F/F, B85 N« PGS ity 52 50 Je
TG BEAR AR AL a3, T AE P, A1 Py AR BHOK ST, 0
A F./F, B3 N = PR3 hn s 2 o0 56 AR s 1
ey s feias, HAE IR N &5 258.4 mg «

kg (N, A HR A 3K B e K. 76 R HEHAL N K4
FAET M F,/F, A B 3 N = P Ay REAR
YA T 0.18%.,0. T0% 1 0. 67 % ; 78 + 44 %% P
AP E BN i FL/F, SFY(ERE H3E N s P
BRI T 1.70% .3, 13% H1 1. 33%.,
[, B 3R 4 36 AT AL 7 58 AL N K F A6 )
WEIRT N qP F Desy YIBE T3 N 2 PG RE
G2 B e 3G Y A Ak ke B i N i R NPQ
WIBE + 38 N = P R AR 2 30 457 22k 19 A2 £k
P, ELBEEA P OKOEAHF AL R, ANEE 0 R gP
F Desy BIBE - HE N = P A 3 2 30 S 18 n 5 B AR
M As Ak, B IHFE H A N & 52 258. 4 mg -
kg™t (N, b FRE 3K B 85 K5 T /N2 i e NPQ I Fifi
T HE N = Py 2 B0 SR R AR S 1S Y AR AL
PR LA N &R 258. 4 mg - kg !
(N A B /N o AE T A% N KO AH R Ak 2R
N R gP SEREBE 58 N = P AR 2 00 1
T 6.64% .10, 41% 1 20. 92 % , Ppsy V- HI A1 43 1) 44
T 6.95%.9.07% 1 18. 82% , NPQ ¥ {8 W 43
WIFEAR T 7.42% (11, 69 % 1 25. 63 %0 5 7 - HE B 2%
P /KFAHTRI AL BT L oP ~F- I {E BE 3% N = P 3 i
AT 12.49% .25, 40 % F1 13. 65 % » ®psy -1
43 5088 7 9. 33% .31, 38 % 1 14. 07 % . NPQ F
(8 ) 43 BIREAR T 16. 53 % .32. 76 % 1 20. 95 % ,

x4 TETEERBAETNEHRFMHERRRLSH

Table 4 The photosynthetic fluorescence parameters of different nitrogen and phosphorus application levels

NPT HHEN:P /NI NS mAOLF MR O EX K St E

Soil N, P level Soil N: P Fo F. F,/F, qP NPQ Pps
NoPo 3. 66 0.01140.0005f 0.0652£0.007 1  0.7822£0.007 i 0.424+0.04 i 0.659£0.02 a 0.287£0.06 i
No Py 2.19 0.012£0.0011 e 0.07540.007 k 0.801£0.009 h  0.52540.01 h 0.647£0.04 a 0.295+0.04 h
NoP» 1. 56 0.0144+0.0006 d 0.0824+0.001 h 0.82640.002 cd 0.561+0.06 g 0.647£0.05 a 0.314£0.06 g
NoP3 1.21 0.01640.0007 b 0.091£0.005d 0.82320.009 de 0.651%0.01 ¢ 0.44340.06 efg  0.3692£0.04 d
N Py 7.04 0.014+0.0002d 0.08140.0021 0.828+0.003 ¢ 0.58840.01 ef 0.55740.04 b 0.335+£0.04
N, Py 4. 20 0.015£0.0006 ¢ 0.08240.005 h 0.821£0.006 ef 0.588%+0.04 ef  0.518£0.07 ¢ 0.336+£0.07 f
N, P, 2.99 0.01620.0003 b 0.086=0.002 g 0.819720.003 ef 0.60420.07 de  0.48240.05 d 0.34120.05 ¢
NP3 2.33 0.01640.0008 b 0.087£0.004 f 0.81940.004 f 0.651£0.06 ¢ 0.44340.01 efg  0.371£0.05d
N: Py 8.73 0.015£0.0004 ¢ 0.09740.004 b 0.84440.006 a  0.643+0.07 ¢ 0.443£0.07 efg 0.381£0.05 ¢
N, P, 5.21 0.016£0.0010 b 0.09640.003 ¢ 0.83740.007 b 0.655£0.02 ¢  0.43940.03 fg 0.415+0.03 b
N; P, 3.71 0.01740.0008 a 0.098£0.007 a 0.826%0.007 cd 0.67520.08 b 0.388£0.04 h 0.418+0.03 b
Ny P 2.88 0.01740.0005 a 0.098£0.005a 0.826%0.007 cd 0.737£0.02 a 0.34140.051 0.448+0.03 a
N3 Py 10. 42 0.015£0.0006 ¢ 0.07940.005j 0.815%£0.004 g 0.5734+0.01 fg  0.5654+0.05 b 0.320£0.04 g
N3 Py 6.22 0.01640.0004 b 0.086=£0.004 g 0.81620.003 g 0.608£0.04 d 0.455+0.02 ¢ 0.369£0.04 d
N; P, 4.43 0.01640.0007 b 0.088+0.004 ¢ 0.821£0.008 ef 0.620+£0.01d 0.447£0.03 ef 0.370£0.06 d
N3 P3 3. 44 0.017£0.0004 a 0.098+0.003 a 0.82340.005 de 0.6550.04 ¢ 0.427+0.04 g 0.384£0.07 ¢
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Fig. 1 Light-response curves of ETR under different nitrogen and phosphorus application levels

TN PSRN : P XA 168 401
A Fo Fu F/Fu.qP.NPQ } ®psy 17 12 35 52
M) (P<<0.05), DA &5 R Ul B 7E el N &k
258.4 mg + kg "(N,), LHEH A P &~ 89. 6mg »
kg ' (Py) s BIFEASZ 46 () v 8 13 NP 3753 K P
L EHEN PRy 2. 88 B, NEE M e KOGk 2R
i OGAR2E T KRN BR Ok 2 77 o 13k B3 i KO
FEI L H R 1) O RE R B
2.4 AELENPKENNEIFRUBFER
HZE(ETR)ZhSH) %M

A1 AT 0 G A SR SN 0~200 pmol -
m e s AN R HE R NP K Ab B ] /N
ETR {822 5 AR /I, 38 90 Ry el il 42 [ 1 v 2
b EOCE A GRS H 200 pmol » m™* « s B FF
% 1200 pmol - m % e s VURNREACERE]NZE ) ETR
1B 22 A8 KL AR Dy MG i 4R 1 s B TR [ AR
B4y, AR L 7EAH R £ e sk N KSR LETR
E S4B 158 N = P A REAR T -5 9 LA NP b 3R
B No Py Ab B R e i, A A0 mi BT ik L 45 A B 1)
PR 2R P81 L BTN (R R Y 40 2 S B
PR B R EME N, Ny Fl N, KR, P Py Al
P, & Ab ¥ ETR {6 . %% T Py 4bHL(P<C0.05);

MAHE Ny 7K R, P, f Py 4b P 25 & + Py b3
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