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Abstract

[ Objective] Xinjiang has become one of the most seriously affected areas by wind and sand in the
world, especially in the southern Xinjiang region, due to its unique geographical location, dry climate and
land cultivation and utilisation methods. And the facility horticulture industry in South Xinjiang is the most
important production base for facility vegetables in Xinjiang. Although the relatively closed facility
environment attenuates the impact of sand and dust on the growth of facility crops to a certain extent, the
frequent sand and dust weather from spring to summer in southern Xinjiang still brings many adverse
effects on facility production management and crop production and yield formation. Currently there are
fewer studies on the effects of sand and dust on crops and they are mainly focused on cotton crops, while
there are even fewer studies on the effects on horticultural crops, especially facility crops. Tomato is one of
the important vegetables widely grown for facility production. Therefore, this study took tomato as the
experimental material, and explored the effects of different degrees of leaf dust cover treatments on the
growth, photosynthetic characteristics and dynamic changes of anticlimatic physiological indexes of tomato
by artificially simulating different degrees of foliar dust cover, aiming to reveal the mechanism of the role
of foliar dust cover on the growth of tomato in facilities, and to provide theoretical basis for the anticlimatic
cultivation of facility crops in southern Xinjiang.

[ Methods]

The experiment was conducted in the greenhouse of the Experimental Station of the College of
Agriculture of Shihezi University. The tomato variety 'Zhongguancun I'V' was used as the test material, and
the leaves were treated with light leaf sand and dust cover (50 g'm* ), medium leaf sand and dust cover
(100 g'm? ) and heavy leaf sand and dust cover (150 g'm™ ), and no sand and dust cover was used as the
control. The dynamic changes in growth, photosynthetic characteristics and physiological indices of stress
tolerance of tomato were measured and analysed at 20, 40 and 60 days (d) under different levels of foliar
sand and dust cover treatments.

[ Result] The results of this study showed that:

(1) Light foliar dust coverage (50 g'm? ) promoted tomato growth in the middle and late stages of the
treatment (40 and 60 d), which was manifested in different degrees of increase in plant height, leaf area,
and promotion of biomass accumulation and root growth (root surface area, average diameter, root volume,
and the number of root tips) of tomato plants. On the other hand, moderate and heavy foliar dust coverage
(100 and 150 g'm ) inhibited tomato growth, and the inhibitory effect on tomato growth was greater with
the increase of foliar dust coverage and time.

(2) Light foliar dust coverage only affected the anatomical structure of tomato leaves at the end of the



treatment period (60 d) by significantly increasing the thickness of leaf fenestrae, spongy tissues and lower
epidermis. In contrast, the anatomical structure of tomato leaves was altered under moderate and heavy
foliar dust cover treatments, mainly in the form of thinning of leaves and reduction in the thickness of
fenestrae, spongy tissues and veins. In addition, stomatal density of leaves increased, but stomata became
smaller. This indicates that moderate foliar dust cover (50 g-m? ) had little effect on the anatomical
structure of tomato leaves, but the structure of tomato leaves under excessive foliar dust cover would be
changed to adapt to the environmental changes.

(3) Light foliar sand and dust cover treatments increased the net photosynthetic rate (Pn) of tomato
leaves by increasing the chlorophyll content, stomatal conductance (Ci), photochemical burst coefficient
(qP), and initial fluorescence (Fo) of tomato leaves to varying degrees. In contrast, the photosynthetic
apparatus of tomato leaves under moderate and heavy foliar sand cover treatments was impaired, the
photosynthetic pigment content and the photochemical operation performance of PSII units with active
reaction centres were decreased, and there was an imbalance in the distribution of excitation energy
between the two photosystems, which led to a decrease in Pn and the occurrence of photoinhibition.

(4) Light foliar dust cover did not cause oxidative stress in tomato, while medium and heavy foliar
dust cover caused oxidative stress and oxidative damage in tomato, with the oxidative stress and oxidative
damage caused by heavy foliar dust cover being more serious. In addition, the increase in antioxidant
enzyme activities and proline (Pro) content induced by moderate and heavy foliar dust cover treatments
was an adaptive response to foliar dust cover stress in tomato.

[ Conclusion] Moderate foliar dust cover (50 g'm ) promoted tomato growth in the middle and late
stages of the treatment (40 and 60 d), which was mainly attributed to the increase in photosynthetic
pigment content, photochemical reaction efficiency and stomatal conductance. Whereas, excessive foliar
sand coverage (100 and 150 g'm? ) resulted in altered leaf anatomy, ROS accumulation, impaired
photosynthetic apparatus and photoinhibition occurred, which inhibited the growth of tomato plants.

Key words: tomato; foliar dust cover; photosynthetic characteristics; antioxidant enzyme activities;

stomatal characteristics
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RNHE  JELER S AR

1-qP PSII excitation pressure PSIIBUKR g 7

Chl-a Chlomnphyll a M4t a

Chl-b Chlomnphyll b HaEz b

CAT Catalase AR

Ci Intercellular CO2 concentration 5] COR S

CK Control Xof HE
The fraction of photon energy absorbed in PSII Antennae

P and dissipated ViI; thermal enge};gy inthe antenna REAFCRI 58

ETR photosynthetic electron transport rate 6 E LT AR I T R
The estimate of the fraction of excess excitationenergy that

Ex is neither dissipated in the PSII antennae nor utilized for PSII S N A0y i Fol 30K B
photochemistry

Fm Maximum fluorescence =N

Fo Initial fluorescence WIta

Fv/Fm The maximal photochemical eficiency of PSII PSR KA 22 R0R

Fv/Fo Potential activity Hotb 22 K 25

Gs Stomatal conductance SILFE

H>0, Hydrogen Peroxide A

MDA Malondialdehyde [

NO Nitric oxide — M A

NPQ Non-photochemical quenching coefficient b R 2 E

02" Superoxide anion A ST

> The fraction of photon energy absorbed in PSII antennae F T & H T4 1) PSII
utilized for photosynthetic electrontransport IR T BEE R

SS Soluble sugar AR

SPAD Soil and Plant Analyzer Development FEXS 2R3 & &
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