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Effects of Shading by Tracking Photovoltaic Panels on Photosynthesis and
Yield of Different Wheat Cultivars in Coastal Saline-Alkali Soil

Sun Yi', Ren Mengyao’ , Liu Quanfeng' ., Liang Jiahui’, Liang Enhao’,
Guo Weixin', Feng Xiaohui’, Li Xiaogang’
(1. Cangzhou Academy of Agriculture and Forestry Sciences, Cangzhou, Hebei 061001, China; 2. Hebei Agriculture University,
Baoding, Hebei 071001, China; 3. Center for Agricultural Resources Research, IGDB, CAS, Shijiangzhuang, Hebei 050021, China)

Abstract: To clarify the effects of tracking photovoltaic(PV) panel shading on winter wheat growth in
coastal saline-alkali land and screen shade-tolerant varieties, three wheat varieties( Hengmai 27, Jie-
mai 19, and Tongmai 6) were used as materials. In the photovoltaic array with a north-south orienta-

tion and a panel spacing of 10 m, planting areas(S,, to Sg,,) were set every 2 m from west to east.
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The flag leaf photosynthetic parameters, chlorophyll fluorescence parameters, and yield components
were determined. The results showed that: (1)PV panel shading exhibited a significant spatial gradient
effect. The net photosynthetic rate (P,) was highest in the central planting area S,;, reaching 18

% « 57! in Hengmai 27, while edge planting areas showed a reduction rate of approximately

pmol « m
22%. There were significant differences in photosynthetic characteristics among varieties: Hengmai
27 maintained high and stable P, and stomatal conductance(G,) ; Jiemai 19 showed low P,(6—8 pmol *
m ?e+s ', only 40% —50% of Hengmai 27) but gentle fluctuations; Tongmai 6 exhibited severe fluc-
tuations in P, with a reduction rate exceeding 50%. Photosynthetic peak time delayed from the cen-
tral belt toward both planting areas, reflecting the time-lag effect of east-west tracking PV panels.
The high consistency among G, P,, and transpiration rate(T,) confirmed that stomata are the key
regulators of photosynthesis and water loss. Hengmai 27, with high intercellular CO, concentration
(C)) and G,, belonged to the non-stomatal limitation type; Jiemai 19, with the highest C; but the
lowest P, belonged to the photochemical limitation type; Tongmai 6, with fluctuating G, and elevated C; in
late stage, belonged to the combined stomatal and photochemical limitation type. (2)The differences
of chlorophyll fluorescence parameters among varieties revealed divergent photochemical adaptation
strategies. The PSI[ maximum photochemical efficiency(F,/F,) and actual photochemical efficiency
(®Ppsy ) of Hengmai 27 and Tongmai 6 were significantly higher than those of Jiemai 19 (P <Z0. 05).
However, Hengmai 27 had low initial fluorescence(F,) with stable PS II basal state, while Tongmai
6 had high F, indicating reversible damage to reaction centers. Jiemai 19 showed the most stable vari-
able fluorescence(F,) but the lowest F,/F, . adopting a defensive strategy dominated by thermal dis-
sipation. (3) Yield analysis showed that the interaction of variety and planting area had significant
effects on thousand-grain weight, grain yield, biomass, and harvest index(P<C0. 01), among which 1
000-grain weight was the most sensitive to shading. Hengmai 27 showed the smallest reduction in
thousand-grain weight(2% —7%), with grain yield of 5 309. 32 kg « hm * and stable harvest index
(50.23%—51.54%) in S, » indicating coordinated source-sink relations. Jiemai 19 showed no significant
change in thousand-grain weight under mild shading, but harvest index decreased to 46.03% in S, . presen-
ting source-sink imbalance with increased biomass but reduced harvest index. Tongmai 6 showed the
largest reduction in thousand-grain weight(8% —18%) ., with grain yield of only 3 475. 82 kg * hm *
in S.5» 34.5% lower than that of Hengmai 27. In conclusion, stomatal limitation is the main regula-
tory factor of photosynthetic variation. Hengmai 27 is a high-efficiency shade-tolerant variety, which
is most suitable for planting in photovoltaic shading areas; Jiemai 19 has strong photoprotection abili-
ty and can be used as an alternative; Tongmai 6 has weak shade tolerance and is not suitable for the

current conditions.

Keywords: Saline-alkali land; Agrivoltaics; Photosynthesis; Chlorophyll fluorescence; Grain yield
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Fig.1 Schematic diagram of tracking photovoltaic panels and wheat planting
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Fig. 2 Diurnal change of net photosynthetic rate(P,) in flag leaf of the three wheat varieties under different planting areas
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Fig. 3 Diurnal change of stomatal conductance(G,) in flag leaf of the three wheat varieties under different planting areas
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Fig. 5 Diurnal change of transpiration rate(T,) in flag leaf of the three wheat varieties under different planting areas
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Table 1 Differences of yield and harvest index of the three wheat varieties under different planting areas

ol oA Y TR Ji% R SR A Y P Y LI
V‘m' ¢ Planting Spikes/ Grains per 1 000-grain Yield/ Biomass/ Harvest
ariety area (X10" « hm™*) spike weight/g (kg * hm %) (kg + hm™*) index/ %
i % 27 Sy 469.12+2.55b 22.324+0.51a 43.52+0.09d 4 555, 89484, 28b 8 869.49441.41b 51.3640.73a
Hengmai 27 S, 531.93+10.14a 21.97+0. 29a 44,6440.31b 5216.30+138.50a 10 118.474120.59a 51.544+3.18a
Sis 548.61+£14.82a 21.2241.18a 45.65%0. 11a 5 309.32+185.44a 10 532.46+413.18a 50.4141.72a
Sis 523.04+24.41a 21.4340.88a 44,18+0. 10c 4 948.87+£177.05a 9 852.42+228.37a 50.23740. 74a
Sg-10 481.91423.11b 21.0841.32a 4292.294141.20b 8 417.35+36.32¢
B 19 S 604.19+40.03a 17.8840.61a 4127.62166.71b 8 396. 034 144. 52¢
Jiemai 19 S, 594.1949.63a  18.40+1.02a 4657.334207.73a 9 953.14+231.47b

608.64+31.94a 18.9840. 28a
588.63+20.29a 18.53=+1.4a
601, 41+25

4 884.694371.18a 10 602.21+431.70a
4648.99+205.78a 9 622.81+293.92b
2+ 8 531.904277. 24c¢

3 6= ! . . 8¢ . .234213.49b 6 561.864245.58b

Tongmai 6 S, 351.29+18.37a 25.0340.53a 35.59+0. 10b .614108.18b 6 721.40478.47ab
Sis 345.73+9.18a 25.924+1.12a 38.80+0.61a . 824152, 34a 7 191. 284252, 70a
Sis 349.06+12.95a 25.3240.55a 35.2240. 20b 3111.40+£74.77b 6 748. 444202, 36ab
Ss 1 350.17+2.89a  25.634+1.50a  32.27+0.28¢c 2 897.564202.85b 6 414.81+370.91b

RN Variew xx  ww T x o a s M
Fifg 7 Planting area NS NS * % * % * % * %
it R Y

Variety X planting area NS NS

] — B B AN TR) 7 45 3 7% [R) — i A A [ R A 4 ) 25 57 W 38 (P <20, 05) . x ;P<C0.01;NS: P>0.05,
Different letters after the values in the same columns indicate significant differences among different planting areas of the same varie-
ties at 0. 05 level. * %, P<C0.01; NS: P>0.05.
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