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Effects of salt stress on photosynthetic characteristics and leaf cell structure of
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Abstract ; Salt stress is one of the major environmental factors affecting plants; it causes many changes in plant metabolism,
such as decreasing the capacity and efficiency of photosynthesis and inhibiting growth. Salt stress also changes leaf cell
structure. Therefore, plant growth, photosynthesis, and leaf cell structure are often used as indicators of salt stress injury in
plants. In response to salt siress, plants have evolved diverse mechanisms that can mitigate the effects of stress and lead to
improved plant tolerance. In this study, 1-year-old potted seedlings of ¢ Yinghong’ grape were used to examine their
changes in growth, photosynthetic characteristics, and leaf cell structure under different levels of salt stress, ranging from
NaCl concentrations of 0% to 0.8%. The goal of this experiment was to provide reference information for grape cultivation in
salty soils. Because of the complexity of the soil composition in the natural state, the actual salt concentration of soil is
difficult to control. Thus, to investigate the responses of grape seedlings to specific and precise salt concentration
conditions, a total of 100 potted seedlings were divided into five groups, and 20 seedlings each were placed into Hoagland
hydroponic culture with one of five salt concentrations, specifically 0%, 0.2%, 0.4%, 0.6%, and 0.8% NaCl. The
chlorophyll content, gas exchange parameters, and chlorophyll fluorescence parameters of the grape seedlings were

measured every 15 days, and the characteristics of the growth and leaf cell structure were measured after 45 days. In this
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study, the LA-S plant image analysis system was used to measure the growth traits, such as the length, average diameter,
surface area, volume of the root system, and leaf area. Chlorophyll content was measured with a SPAD- 502 + PLUS
chlorophyll meter. The GFS-3000 portable photosynthesis system was used to measure gas exchange parameters, such as the
net photosynthetic rate ( Pn), stomatal conductance ( Gs), transpiration rate (7r), and intercellular CO, concentration
(Ci). The JUNIOR-PAM chlorophyll fluorometer was employed to measure chlorophyll fluorescence parameters, such as the
maximum photochemical efficiency of photosystem I (PS I ) ( Fo/Fm), PS Il potential activity ( Fv/Fo), electron
transport rate ( ETR ), photochemical quenching ( gP), and non-photochemical quenching ( ¢N). Finally, leaf cell
microstructure and palisade tissue chloroplast ultrastructure were observed with an OLYMPUS optical microscope and a
HITACHI-7650 transmission electron microscope. Grape seedlings in the low salt treatments (0.2% and 0.4% NaCl) grew
normally, and the chlorophyll content, leaf cell structure, gas exchange parameters, and chlorophyll fluorescence
parameters were not significantly different in these treatments from those of the control (0% NaCl). At higher NaCl
concentrations (0.6% and 0.8% NaCl) , plant growth was significantly constrained. The epidermis cells, palisade tissue,
and spongy tissue in the leaves were thicker, the intercellular space within the palisade tissue and spongy tissue was larger,
the chloroplasts became swollen, and the numbers and sizes of starch grains and plastoglobules were greater compared with
the control. In addition, the chlorophyll content, Pn, Gs, Tr, Ci, Fv/Fm, Fv/Fo, ETR, ¢P, and thickness ratio of the
palisade/spongy tissue were lower and ¢/N was higher relative to the control. In particular, compared with the control,
significant changes in plant growth status, chlorophyll content, leaf cell structure, gas exchange parameters, and
chlorophyll fluorescence parameters were observed under high salt stress (0.8% NaCl). Therefore, 1-year-old potted

seedlings of grape  Yinghong’ could grow normally under low salinity stress( NaCl1<0.4%).

Key Words: grape; salt stress; photosynthetic characteristic; chlorophyll fluorescence; leaf cell structure
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Table 1 Effects of NaCl stress on the growth of ‘ Yinhong’ grape

MR A Root system M A Leaves
b3 B AR oAl s AT
K T A Lt R iR iz fltﬂ‘
Treatments Average Surface 3 ) Morphological
Length/cm . ) Volume/cm’ Leaf area/cm .
diameter/mm area/cm characteristics
CK 1900.6+5.3a 1.01+0.04a 636.2+4.4a 15.2+0.6a 390.2+3.1a IEH ket
I 1953.2+4.6a 1.00+0.05a 655.3+5.2a 15.3+0.5a 385.0+3.8a IEH sk
II 1835.6+4.5ab 0.97+0.04ab 598.3+4.2ab 13.920.6ab 368.6+3.2ab —f B
il 1402.0+3.5b 0.86+0.06b 446.2+3.8b 8.8+0.3b 296.8+2.8b o R EHE
v 999.4+3.7¢ 0.76+0.04¢ 318.2+3.2¢ 4.5+0.4¢ 152.242.7¢ NNyt

[RIZ) A ) 7Bk e 7R 22 57 8. 35 ( P<0.05)
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Fig.1 Effects of NaCl stress on the chlorophyll relative

content in ‘ Yinhong’ grape leaves
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Fig.2 Effects of NaCl stress on gas exchange parameters in ‘ Yinhong’ grape leaves
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Fig.3 Effects of NaCl stress on chlorophyll fluorescence parameters in ‘ Yinhong’ grape
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B4 HPHET O HEMHAETEE
Fig.4 The cross-section of ‘ Yinhong’ grape leaves under salt stress
A B.C.D.E 433 A EH 4L 0.2%NaCl BiHE ,0.4%NaCl 338 ,0.6% NaCl il ,0.8% NaCl 38 T ¢ #2045 A B D0 1 (AR = 20pm ) ;
EP R B2 PT I 4140 ST i 4 41 41
A,B,C,D,E show the cross-section of ‘ Yinhong’ grape leaves under normal conditions, 0.2%NaCl stress, 0.4%NaCl stress, 0.6%NaCl stress, 0.8%

NaCl stress (Bar=20pm) ; EP:Epidermal cell; PT. Palisade tissue; ST: Spongy tissue

x2 HEMET BO FEMHABRINEETL

Table 2 Changes of anatomical structure of ‘ Yinhong’ grape leaves under salt stress (n=15)

Jsi F I JEFE/ pm PR 418U EE/ pm R A BURE/ pm IEEEVe T DI
Treatments Leaf skin thickness Palisade tissue thickness Spongy tissue thickness Palisade tissue/Spongy tissue
CK 13.2+1.0c 30.2+1.3¢ 34.2+2.2¢ 0.93+0.04a
1 13.5+0.8¢ 30.5+1.6¢ 34.0x1.6¢ 0.92+0.06a
I 13.9+0.9be 31.9+1.4be 36.6+2.5be 0.87+0.08b
I} 14.6+1.2b 35.6x1.2b 43.3x1.8b 0.85+0.10bc
1% 16.4+1.1a 38.2+1.3a 51.6+2.3a 0.79+0.07¢

[FIZNAN R 7 BE 7R 25 57 183 ( P<0.05)
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5 HhEMBX B FE M il A R RSB RS R 3508 (x20000)
Fig.5 Effects of salt stress on ultrastructure in palisade tissue chloroplast of ‘ Yinhong’ grape leaves ( x20000)
A.B.C.D.E 4354 IE# A3 0.2%NaCl Hif1 .0.4%NaCl 138 ,0.6%NaCl il ,0.8%NaCl kil T ¢ BT 52 - A M2 20 2T i -t A 3
S (FRR = 0.5um) ; Chl: FMERA V0L S FER A s P FEHRIURL
A B.C.D.E show cell ultrastructure in palisade tissue of * Yinhong’ grape leaf under normal conditions, 0.2%NaCl stress, 0.4% NaCl stress, 0.6%

NaCl stress, 0.8%NaCl stress (Bar=0.5pwm) ; Chl; chloroplast; V: vacuole; S: starch grain; P plastoglobules
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