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Effects of Water Stress on Photosynthesis and Chlorophyll Fluorescence of the Sugar Beet
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Abstract: To investigate the effect of water stress and rewatering on sugar beet yield and its corresponding photosynthetic parameters, and to
provide the basis of water management for the sugar beet fields, pool experiments in an artificial proof canopy were set up to observe changes
of beet net photosynthetic rate (Pn), transpiration rate (Tr), water use efficiency (WUE) and stomatal limitation (Ls ), intercellular CO, con—
centration(Ci), and PS Il maximum quantum yield (Fv/Fm). The results indicated that the diurnal variation of Tr and Pn in CK treatment
(whole growth period replenishment ) at different times near "unimodal" type; and water shortage treatments presented "twin peaks" change.
Diurnal transpiration capacity (DTC ) under water stress at sugar accumulation stage reduced by 70.16%~74.81% and diurnal photosynthetic
capacity (DPC) was 63.48%~69.96% lower than that of CK, while diurnal water use efficiency (WUEd ) increased by 19.28%~22.39%.
Rehydration helped Tr and Pn recovery, but did not reach unstressed levels. Ls changes under exiremely dry environment had a midday
trough "twin peaks" feature, and Ci was at "double—dip" in consistent with the timing of Ls; Water stress inhibited and inactivated photo—
chemical reaction center of midday PS I . Water stress led to irreversible decrease in the Pn and Tr, and prolonged the Pn inefficient period,
which become the important factor of influencing the sugar beet yield.
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Figure 2 Diurnal variation of net photosynthetic rate of sugar beet under different water treatments
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Table 1 DPC, DTC and WUEd of sugar beet under different water stress
A AR T I AR B S HR IR Ml TR R4
T b Leafage growth prophase Leafage growth anaphase Root enlargement stage Sugar accumulating stage
reatment
DPC DTC WUEd DPC DTC WUEd DPC DTC WUEd DPC DTC WUEd
CK 279.88 153.10 1.83 183.52 110.07 1.67 218.08 89.13 2.45 177.04 58.49 3.03
W10 83.78 39.64 2.11 34.11 13.99 244 31.69 13.75 2.30 53.19 14.73 3.61
W10-50 116.54 35.55 3.28 127.23 30.27 4.20
W30 57.33 21.94 2.61 141.62 43.66 3.24 64.66 17.45 3.70
W30-70 155.01 40.58 3.82

1::DPC 2y H %A fiE (wmol COp»m™+d™) (DTC g H 285 (pumol H,0-m™+d™) \WUEd 2 H 7K 43 F 1A% (mmol CO,+mol'H,0).
Note: DPC—Diurnal photosynthetic capacity (pmol CO,*m™+d™), DTC-Diurnal transpiration capacity( umol Hy0 +m=?+d™), WUEd- Water use efficiency

(mmol CO,*mol"H,0).
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Figure 3 Diurnal variation of transpiration rate of sugar beet under different water treatments
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Figure 4 Diurnal variation of water use efficiency of sugar beet under different water treatments
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Figure 5 Diurnal variation of stomatal limitation value of sugar beet under different water treatments
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Figure 6 Diurnal variation of intercellular CO, concentration of sugar beet under different water treatments
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Figure 7 Diurnal variation of chlorophyll fluorescence of sugar beet under different water treatments
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