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Effects of different NO; concentration on photosynthetic characteristics

in cucumber seedling
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Abstract Cucumber plants grew in nutrient solution under different NO; concentration for 7 d at hydroponic system.
The changes of photosynthesis rate and related parameters in cucumber seedling leaves were studied in order to reveal the
response mechanism of the photosynthetic functions of plants to NOj stress in cucumber seedling. The results indicated
that when available NO3™ concentration was low 14 to 98 mmol/L NO;  the net photosynthesis rate Pn  light satura-
tion point LSP  carboxylation efficiency CE  number of starch grains and absolute increment of leaf area were
increased by proper supplement of NO; . Supplement of NO;j at appropriate range improved the accumulation of photo-
synthates and the growth of plants. With further increase of NO; concentration > 98 mmol/LL NO;  in the medium
the pigment contents in cucumber seedling leaves were lower the apparent quantum yield AQY Pn LSP CE all
significantly decreased compared to control. When NO; concentration increased to as high as 182 mmol/L the ultra-
structure of chloroplasts were damaged and the number of grana in cells and number of lamellae in granas the number of
starch grains in cells as well as starch grain size all decreased. Leaf area was reduced and dry weight was significantly
lower than that of control plants. Consequently the capabilities of cucumber seedlings using light and CO, were lower
than control. Factors caused reduction of Pn was no-stomatal limitation because mesophyll cell were damaged .
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Table 1 The osmotic potential and changes of solution

Osmotic potential MPa

NOy
NO; 7d
Concentr. Solution before Solution of stress
mmol/L treatment for 7 days
14 -0.220 —-0.198
56 -0.307 -0.298
98 -0.442 -0.430
140 -0.534 -0.527
182 -0.656 -0.636
Ciras-2
CO, 350 ~360 pl/L
Pn — PFD Photo flux density 20
~1400 pmol/ m* s P-PFD
AQY LCP
LSp 3~5
CO, Ciras—2
600 pmol/ m* s
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NO;
140 182
DPS mmol/L NO3 35%
) NOy Gs
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2.1 18% Ls 33% Pn
2 NO5 56 98 mmol/L 182 mmol/L Ci
Pn CO, 17% Ls 32%
Ci Ls Gs
2 NOy
Table 2 Effects of NO; stress on parameters of Pn Gs Ci and Ls in cucumber seedling leaves
NOliOi:on(:entr. o ZPn 2 G <0 G
UL b pmol/ m* s mmol/ m* s pl/L Ls
14 12.30+0.71 aAB 248.5+10.61 aA 235.5+13.44 bAB 0.3458 +0.0373 bAB
56 12.50 + 1.41 aAB 233.5+20.51 aA 215.0+ 8.49 beB 0.4028 +0.0235 abA
98 13.85+1.34 aA 217.0 £ 25.46 aA 225.5+12.02 bB 0.3736 + 0.0334 bA
140 7.95+1.34 bB 114.0+ 8.49 bB 194.0+12.73 ¢B 0.4611 £ 0.0354 aA
182 2.70+0.99 cC 85.0+4.24 bB 275.0+ 8.49 aA 0.2361 £ 0.0236 cB
Note 0.01 0.05 Different capital and small letters meant significant difference at 0.01

and 0.05 level respectively. The same indication is used for other tables.

2.2
3 NOs 56 98 140 mmol/L
LCP
182 mmol/L. 140 182 mmol/L
NOs T77% NOj
NOy 56 98 mmol/L AQY
LSP NOy 182 mmol/L
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Table 3 Effects of NO; stress on light saturation point LSP  light compensation point LCP and

apparent quantum yield AQY in cucumber seeding leaves

NOs
NO; ™ concentr. LSp Py LCP AQY
mmol/1, pmol/ m? s CO, pmol/ m? s pmol/ m* s
14 817+ 10.6 bB 12.12+0.68 bA 55.3+£5.0 beB 0.0348 +0.0016 aA
56 901 + 8.48 aA 14.10 £ 0.28 aA 57.5+2.0 bB 0.0320 + 0.0028 aA
98 903 +£23.3 aA 13.15+1.06 abA 54.6+4.1 beB 0.0313 £ 0.0012 aA
140 649 + 18.0 cC 8.10+0.42 ¢B 48.3+5.5 cB 0.0310 £ 0.0014 aA
182 570 £28.3 dD 2.75+£0.21 dC 76.0+ 1.7 aA 0.0174 £ 0.0018 bB
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Table 4 CO, compensation point CCP and carboxylation efficiency CE in cucumber seeding leaves under NOj stress
NOy NOj3 concentr. CE CO, CCpP
mmol/L mol/ m* s /L
14 0.0577 £ 0.0077 bcB 124.0 £ 7.07 ¢BC
56 0.0653 +£0.0011 bB 99.4+2.90 dD
98 0.1098 + 0.0087 aA 109.5+2.12 dCD
140 0.0499 £ 0.0011 ¢B 138.5+£4.94 bB
182 0.0185 +0.0014 dC 201.0+ 1.41 aA
2.4 140 mmol/L
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Fig.1 Changes of pigment contents in cucumber seedling leaves under NO;s stress
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2.5
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Table 5 Effects of NO; stress on the ultrastructure of chloroplasts of cucumber seeding leaves
N037 . . .
/ / Chloroplast size Starch grain size
NO5 Concentr. No. of No. of / /
mmol/L chlor;) st star(’h' ains No. of grana No. of lamellae ) )
p 4 No. /Chloroplast No./Grana Length Width Length Width
No. /Cell No. /Cell pm pm pm pm
14 14.6 bB 14.5 cC 19.1 aA 7.5 abA 16.0 cB 6.4 ¢B 3.3 ¢C 2.0 cC
56 13.5 beB 33.9 aA 15.0 bBC 8.6 abA 19.0 bAB 8.7 bA 5.0 bB 3.4 bB
98 18.6 aA 32.9 aA 17.8 aAB 12.0 aA 21.8 aA 9.4 abA 8.6 aA 4.5 aA
140 14.6 beB 24.6 bB 18.4 aA 11.4 abA 18.2 beB  10.0 aA 4.7 bB 3.5 bBC
182 12.4 ¢B 10.5 ¢C 13.5 bC 7.0 bA 17.6 beB 5.8 ¢B 1.6 cC 1.4 dD
2.6 182 mmol/L
6 NOy 56 mmol/L
NOy NOy 56 mmol/L
56 mmol/L 98 mmol/L NO;
6 NO;j
Table 6 Effects of NO; stress on growth and dry matter accumulation of cucumber seedlings
NOy mmol/L cm cm? g/plant
NO; concentr. Absolute increment of plant height Absolute increment of leaves area Dry weight
14 11.27 bAB 80.93 cC 1.690 aA
56 13.40 aA 156.27 aA 1.740 aA
98 8.85 bBC 93.20 bB 1.510 abAB
140 6.14 ¢CD 70.95 cC 1.370 bcAB
182 4.80 ¢D -0.4300 dD 1.155 cB
3 12 N03—
13 1
3.1 NOy 6 14
11 3 15
75% NO5

14 ~98 mmol/L
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