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Effects of N-form on photosynthetic characteristics in late growth

stages and spikes of wheat cultivars with specialized end-uses
MA Xin-Ming, WANG Xiao-Chun, WANG Zhi-Qiang (Coliege of Agronomy He'nan Agricutural
University s Zhengzhou 450002 ,China). Acta Ecologica Sinica,2003,23(12) :2587~2593.
Abstract: In order to understand the mechanism of the effect of different forms of nitrogen on
photosynthesis and spike development in wheat cultivars with specialized end-uses. Pot experiments were
carried out at Henan Agricultural University Research Station during 2000~ 2002. Soil containing 9. 8
g/kg organic matter, 0. 986 g/kg total N, 25.43 mg/kg olsen-P and 259 mg/kg NH,OAc-K was used in
the experiments. 18 kg of sieved soil was placed in each 30 cm X 40 cm pot. Cultivars used in experiments
were Yumai 34 (a strong gluten cultivar), Yumai 49 (medium gluten) and Yumai 50 (weak gluten).
Nitrogen forms studied were NO;-N (NaNO;), NH,-N (NH,HCO;) and —CONH,-N (urea). Prior to
sowing 3.5 g N, 3.3 g K,O and 2.9 g P,O; were applied to each pot and a further 1. 6 g N was applied to
each pot during the elongation stage. Seven plants from each pot were selected when plants had five
leaves. The experiment was arranged in a completely random design with eight replications and all pots
were managed in the same way.

The net photosynthetic rate (Pn), CO, concentration in internal cells (Ci), and transpiration rate
(Tr) of five identical flag leaves from the main stem were determined during the flowering, filling and

advanced filling stages respectively using a mobile photosynthetic meter (PP-system ). Maximal
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fluorescence (Fm), fixed fluorescence (Fo) and steady fluorescence (Fa) were determined in the dark (for
30 min) and maximal fluorescence in the light (Fm') with a Hansatech FMS2 photofluorometer; the same
portion of each leafl was used for each measurement. PS I activity (Fv/Fo), PST maximum light energy
transformation (Fv/Fm), actual light transformation efficiency (4PS I ), chemical quenching coefficient
(gP), non-photochemical quenching coefficient (¢gN) and degree of light repression were calculated
according to the following formulas: Fv/Fo = (Fm — Fo)/Fo, Fv/Fm = (Fm — Fo)/Fm, ¢PS 1 = (Fm'
— Fa)/Fm' ,qP = (Fm' — Fs)/(Fm — Fo), gN = (Fm — Fm')/Fm', the repressive degree of light= (1
— qP)/gN . The average number of ears per plant, grains per ear and one thousand grain weight were
investigated according to standard methods.

Results showed that different forms of nitrogen have different effects on photosynthetic characters in
late growth and on spike properties in different wheat cultivars. Applying N-NO73 to strong gluten wheat
Yumai 34 resulted in the lowest value of CO, concentration in internal cells (C7) for the flag-leal and
reduced the non-photochemical quenching coefficient (¢N). however the net photosynthetic rate (Pn),
maximal PS T light energy transformation efficiency (Fv/Fm), actual light transformation efficiency
(¢PS 1 ), and chemical quenching coefficient (¢P) were all higher indicating that it is unlikely that
photoinhibition was occurring. In addition the thousand grains weight was average. and grains per ear and
kernel weight per spike were the highest. The poorest results for each index of photosynthesis and spike
properties were obtained when NH [ -N was applied, while applying urea resulted in an average response.
When urea was applied to the medium gluten cultivar Yumai 49 and the weak gluten cultivar Yumai 50
high yields were obtained, the photosynthetic and fluorescent parameters measured were improved and
kernel weight per spike was higher. By way of contrast, lowest values of each index of photosynthesis and
spike properties were obtained when N-NO; was applied to the medium gluten cultivar Yumai 49 and when
NH; -N was applied to the weak gluten cultivar Yumai 50; both treatments had an adverse effect on yield.

Detailed analysis revealed that different wheat cultivars used different mechanisms to increase yield
with different forms of nitrogen. NOj -N enlarged the “store-room” of the strong gluten cultivar Yumai
34, and NH; -N of the weak gluten cultivar Yumai 50, while the main effect of —CONH, was mainly to
increase “source”.
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Table 1 Effects of N forms on intercellular CO, concentration(pl « .- 1) and net photosynthetic rate (zmolCO; * m™? »

s~ 1) of wheat cultivars for special used

FLS FIS LFS
Cultivars N forms Ci Pn Ci Pn Ci Pn
34 N-NO3- 208b 21. 8a 243b 12. 6a 333a 12. 2a
N . N-NH 250a 19. 5b 268a 9.5b 342a 8. 2¢
ai 34
e N-NH; 233a 18. 4b 246h 12. 1a 311a 10. 4b
49 N-NO3 252a 17.1b 271a 12.5b 341a 9.1c
’ N-NH; 235a 18. 1ab 251b 12. 8ab 335a 10. 4b
Yumai 49
N-NH3 218b 19. 6a 242b 13. 4a 318b 12. 3a
50 N-NOj 224ab 21. 8a 241ab 15. 2a 339ab 12.1b
5
N-NH/ 233a 20. 1b 250a 13.7b 345a 11. 6b
Yumai 50
N-NHz 217b 22. 4a 237b 16. 3a 331b 13. 9a
5 .ab.c 5% Each value was the average of 5 measured data.
a.b and c: significant at 5% levels of probability ; FLS-flowering stage, FIS-filling stage. LFS-later filling stage. s

the same blow
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Table 2 Effects of N forms on Fv/Fo,Fv/Fm and $PS 1 of wheat cultivars for special used
FLS FIS LFS
Cultivars N forms Fv/Fo Fuo/Fm ¢PS1  Fv/Fo Fuv/Fm ¢PS1 Fv/Fo Fuv/Fm ¢PS I
" N-NOj3 4.98a  0.87a  0.47a  4.57a  0.83a 0.39a  4.38a  0.80a 0.27a
N-NH/  4.27¢ 0.83b 0.36b 3.91c 0.79b 0.35b 3.82c 0.77b  0.23b
Yumai 34 N-NH;  4.63b 0.82b 0.42ab 4.17b  0.82ab 0.34b  4.11b  0.79ab  0.25ab
1o N-NO3  4.54b  0.85ab 0.34b  4.48b  0.82ab 0.31b  3.8lc  0.78b  0.22c
Vumai 46 N—A\IH,ri 4.56b  0.82b  0.36b  4.28c  0.81b  0.29b 4. }7b 0.80b  0.25b
N-NH;  4.88a 0.87a 0.3%9a 4.63a 0.8a 0.36a 4.57a 0.83a  0.2%
5 N-NO;  4.53b  0.83ab 0.41b  4.33b  0.80ab 0.36a 4.12b  0.79ab 0. 24ab
N-NH{  4.25¢  0.81b  0.38b  4.23¢  0.79b  0.28b  4.03¢  0.77b  0.21b
Yumai 50 N-NH; 4.8la 0.84a 0.57a 4.55a  0.82a 0.39a 4.4la  0.81a  0.26a
3.3 qP). (gN) 1 —
qP/qN)
(gP) PS1 QA s PS1
, PS 1 B, ¢ 3. ;
(qP) s .
34 (qP) s s
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Table 3 Effects of N forms on ¢P.gN and 1—¢P/gN of wheat cultivars for special used
FLS FIS LFS
Cultivars N forms qP gN  1—qP/qN P gN 1—qP/qN  qP gN  1—qP/qN
" N-NOj3 0.78a 0.57b  —0.37c 0.7la 0.74c 0. 04c 0.6la 0.87c 0. 30c
Vumai 31 N-NH{  0.7lc 0.77a 0.08a 0.66b 0.92a  0.28a  0.45c 0.97a 0. 54a
N-NH;  0.74b 0.60b —0.23b 0.69ab 0.84b 0.18b 0.53b  0.92b 0.42b
19 N-NOj; 0.51b 0. 74a 0.3la  0.43b 0. 84a 0. 49a 0.32b 0.92a 0. 65a
Yumai 49 N-NHj 0.62a 0.67b 0.07b  0.52a 0.83a 0. 37b 0.34b  0.91ab  0.63a
N-NH; 0.65a 0.56c —0.16c 0.54a 0.78b 0. 31c 0.48a 0.89b 0. 46b
50 N-NOj; 0.75b 0.62a —0.21b 0.58b 0.76b 0. 24b 0.43b  0.94a 0. 54b
N N-NH{ 0.73b 0.64a —0.14a 0.49c 0.87a 0. 44a 0.37c¢  0.95a 0.61a
N-NH; 0.80a 0.55b -0.45¢  0.64a 0.72c 0.11c 0.49a 0.88b 0. 44c
(gN») PS 1 s PS1
. ol 3 .
, (gN») s ,
R 34 (gN) s 0.57,
0.71  0.87, o 49 (gN)
> > , 50 , , .
5% .
1—qP/gN s s s, 3
, ,1 —qP/gN R )
° 34 1 —qP/gqN s — 0.37.0.04
0. 30, s 49 50
1 — qP/gN ’ —0.16 —0.45.,0.31 0.11 0.46  0.44,
3.4
4 s s o 34
,  56.1g, s 33.4 s
s, 1.87g; s 52.7g, s 35.6 1. 88g.
H 49 s s 39.2g,
26.05%  8.59%., 35.1 s s
1. 38g., 26.61% 6.15%, 50 ,
s 41.7g, 2. 9g 3. 6g, ,  36.6
. , 1.53g, 0.03g  0.06g.
s 34 s s 78.9g,
17. 6g 13.4g, 49 ., 58.0g;
50 64. 3g, s s
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Table 4 Effects of N forms on ear characters and yield of wheat cultivars for special used
(g) (g) C /D
Cultivars N forms Kernel number/spike Kernel weight/ spike 1000 kernel weight Yield(g/pot)
34 N-NO3 35. 6a 1. 88a 52.7b 78. 9a
v N-NH 35. 0a 1.75b 49. 9¢ 61.3b
ai 34
. N-NHz 33. 4b 1. 87a 56. 1a 65. 5b
19 N-NO3 34.9b 1. 09b 31. 1c 38. 2¢
N R N-NH} 35.9a 1. 30a 36. 1b 45.5b
ai 49
o N-NH; 35.1b 1.38a 39. 2a 58. 0a
50 N-NO3z 33.6b 1. 50ab 44. 6a 52.5b
N-NH; 32.5b 1.47b 45. 3a 61.7a
Yumai 50
N-NH; 36. 6a 1.53a 41.7b 64. 3a
4
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