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Effects of water on photosynthesis in different age of tomato leaves
CHEN Kaili, LI Jianming* , HE Huigiang, HU Xiaohui, YAO Yongzhe, SUN Sanjie
College of Horticulture, Northwest Agriculture and Forestry University, Yangling Shaanxi 712100, China

Abstract; Water deficit is one of the major rate=limiting factors for plants growing in arid and semiarid region and directly
reduce the plant’s photosynthetic rate. Tomato ( Lycopersicon esculentum Mill. ) is one of the most valuable commercial
vegetables all over the world and widely cultivated in China whether in open field or in greenhouse. Light-responsive
photosynthetic model provides the reference to evaluate and simulate the plant photosynthesis production and the production

capacity of the ecological system. The maximum net photosynthetic rate (P, ) and apparent quantum yield (a) derived

from light response curve are the vital parameters of light-responsive photosynthetic model, which are the critical physiology-
ecology parameters of plant photosynthesis characteristics and vary with the plants species, varieties, growth condition and
their metabolic status etc.. The leaf age directly affects the efficiency of plants photosynthesis and the values of light-
responsive photosynthetic parameters. Water deficit could accelerate leaf senescence and shorten the leaf lifespan. Even the
photosynthetic performance of leaves under different water conditions shows the obvious difference at the same leaf age. Up
to now there are a few pieces of works reported on light-responsive photosynthetic characteristic of photosynthesis in different
age of tomato leaves under multiple supplementary irrigation level. The objective of this study is to profile light-responsive

photosynthetic characteristics in tomato with different leaf age of leaves under different levels of supplementary irrigation

amount, which will provide the light-responsive photosynthetic parameters for photosynthetic model under different water
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condition and leaf age. In this study, tomato plants potted in greenhouse as material, the gas exchange and light-responsive
photosynthetic characteristics parameters of tomato leaves with the change of leaf age under 4 levels of supplemental
irrigation amount (50% ET, 75%ET, 100%ET, and 125% ET) were investigated. The results showed that net
photosynthetic rate ( Pn), stomatal conductance ( Gs) and transpiration rate ( 7r) all gradually reduced, but water use
efficiency (WUE) ascended firstly and then descended with the increase of tomato leaf age; When leaf age were 18 d and
29 d, both P

. increased and then decreased with the increase of supplementary irrigation amount, peaking at 75% ET and
100% ET, respectively. When leaves age were 38 d and 47 d, with the rising of supplementary irrigation amount, both P
ascended, peaking at 125% ET treatment. As for o, it rose with leaf aging, reaching a peak at the leaf age of 38 d. And for
light saturation point (LSP), it decreased with leaf aging. The light-responsive photosynthetic parameters of different leaf
age of tomato leaves under different supplementary irrigation amount were as follows. When leaf age was 18 d, P, was
20. 64—26.73 pmol-m s a was 0.0518—0. 0556 ; when leaf age was 29 d, P

max was 11. 00—24' 24 “Jmol . m*Z. Sil ; o
was 0.0522—0.0594 ; when leaf age was 38 d, P, was 11.77—18.18 pdmol-mfz.sf] ,a was 0.0619—0. 0693 ; when leaf

age was 47 d, P, was 9.09—18.17 pmol-m™s™",a was 0. 0538—0. 0606. In conclusion, with leaf aging, increasing
supplementary irrigation amount could delay the fall of photosynthetic capacity of tomato leaves. Stomatal limiting factor was

the main factor of influencing photosynthesis of tomato leaves; Stomatal limiting and non—stomatal limiting factors were the

causes of photosynthetic rate varying of tomato leaves according to the leaf age.

Key Words: tomato; leafl age; water; light response characteristics; gas exchange parameter
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Fig.1 Effects of different supplementary irrigation amount on
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Fig.2 Effect of water on light response of net photosynthetic rate for different leaf age tomato leaves
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Fig.3 Effect of water on light response of stomatal conductance for different leaf age tomato leaves
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Fig.4 Effect of water on light response of transpiration rate for different leaf age tomato leaves
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Fig.5 Effect of water on light response of water use efficiency for different leaf age tomato leaves
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Fig.6 Effect of water on light response of intercellular CO, concentration for different leaf age tomato leaves
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Fig.7 Effect of water on light response of stomatal limitation value for different leaf age tomato leaves
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hjE RS IF HALAE R i 8 38 d Bk B K MH . K3 FIR- X% Rd 1 LCP 52 JCRL A, LSP Fi/K
YRR S P BEZ AR AR X P RESE ISP 5 P AEYIER , Fhit i) LSP -3
FAR MR, 24 S 18 d A1 29 d iiF, LSP I 0 38 0 56 T8 Jm AR, 39 7E 100% ET itk (4351
3231712 wmol -m™s™" F11957.53 pmol-m™>s™") | 24I-§& 4 38 d F147 d W, LSP By i 1 pY 34 I img 58 n , It
HRTE 125% ET AbFH AR5 E 08 (20518 1375. 39 pmol -m s H1 1333. 56 pmol -m™%s™") Bl M-I O34 A,
KA AL BRI LSP 7RIS R 18—38 d IR Fage i, 75 38—47 d W AR fL /N

R KGXIE A B I8 I A S0 R 5 AE S 4 R4 00

Table 1 Effect of water on light responsive photosynthetic parameters in different age of tomato leaves

i/ e BREOLAE BT FM T RR - 3k 3 JeAME R S A
Leaf age Treatment P . ke e B
/(pmol -m™2s7") /(mol -mol™) / (wmol m™2s7")  /(pmol-m™s™") /(wmol -m™2s71)
18 50% ET 20.64+2.86 b 0.0556+0. 0043 a -2.08+0.47 a 30.41%9.35 a 1744.84+263.79 b
75% ET 26.73+1.26 a 0.0544£0.0020 a -2.3920.28 a 34.68+4.74 a 2295.51%169.78 a
100% ET 25.59+2.66 a 0.0518+0.0010 a ~2.64+0.64 a 39.66=11.40 a  2317.122271.59 a
125% ET 24.50+2.80 ab  0.0526+0.0025 a -2.5220.47 a 38.39+9.98 a 2182.57+207.12 a
29 50% ET 11.00+1.18 ¢ 0.0535+0.0016 b -1.63+0.22 a 29.95+0.44 a 975.36+74.27 b
75% ET 16.31£3.15 be  0.0522x0.0002 b -1.8220.24 a 29.54+8.84 a 1469.52+263. 60 ab
100% ET 24.24+2.87 a 0.0579£0.0052 ab ~ —1.80+0.27 a 25.52+3.00 a 1957.53+218.23 a
125% ET 20.91+6.27 ab  0.0594£0.0018 a -1.9220.66 a 30.75+14.40 a 1646.192454.92 a
38 50% ET 12.64£0.77 be  0.0654£0.0051 a -1.3520.25 a 21.29+1.99 a 915.28+96.63 b
75% ET 11.77£1.29 ¢ 0.0693£0. 0004 a -1.4120.45 a 23.17+3.03 a 957.46+90.89 b
100% ET 15.89£1.97 ab  0.0644£0.0049 a -1.3420.28 a 20.75+3.60 a 1162.84+173.85 ab
125% ET 18.18+2.86 a 0.0619x0.0023 a -1.2320.44 a 19.44£3.66 a 1375.392245.51 a
47 d 50% ET 9.09+1.80 ¢ 0.0606+0.0117 a -1.9120.55 a 28.02+2.52 a 718.71+5.80 ¢
75% ET 9.97+1.72 be  0.05380.0005 b -1.4320.34 a 26.82+4.66 a 881.33+101.58 be
100% ET 13.65+4.12 b 0.0583+0.0046 ab  —1.31+0.22 a 28.03+3.04 a 1114.96+151. 14 ab
125% ET 18.17£0.59 a 0.0597x0.0016 a -1.6620.40 a 21.71£0.13 b 1333.56+157.24 a

(5] — - i ) 510 A o bR AN ) /N g 2 3R 22 57 .35 (P<0.. 05)
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