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Effects of biochar and silicate supply on photosynthetic and fluorescence characteristics of rice leaves under

nighttime warming

XING Yu-yuan'?, LOU Yun-sheng'*’, WANG Kun’, LIU Jian®

(1.Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing Universily of Information Science and
Technology, Nanjing 210044, China; 2.Jiangsu Key Laboratory of Agricultural Meteorology, Nanjing University of Information Science and
Technology, Nanjing 210044, China)

Abstract: The higher increase in temperature at nighttime than that at daytime is one of the main features of global climate warming. The
effect of nighttime warming and either silicon or biochar application alone on rice production is known; however, it is unclear whether the
three factors have coupled effects on the photosynthetic and fluorescence characteristics of rice under field conditions. A field simulation
experiment was conducted to investigate the effects of biochar and silicate supply on photosynthetic and fluorescence characteristics of rice

under nighttime warming. An orthogonal experimental design with three factors and three levels was adopted in the field experiment. The
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nighttime warming treatment was applied by covering the rice canopy with aluminum foil reflective film at night (19: 00—6: 00). The

nighttime warming was set at three levels: ambient temperature control (W0), with 5 mm aluminum foil film (W1), and with 11 mm
aluminum foil film (W2); biochar supply was designed at 3 levels: control (BO), 7.5 t+hm™ biochar(B1), and 17.5 t-hm™ biochar(B2);
silicate was applied at three levels : control (Si0), steel slag powder (Sil, 200 kg« hm™), and ore powder(Si2, 200 kg - hm™). The results
showed that 5 mm and 11 mm aluminum foil film increased the nighttime average temperature at the 5 ¢m soil layer by 0.72 °C and 0.28 °C,
and that at the 10 cm soil layer by 0.43 °C and 0.05 °C, respectively. The average net photosynthetic rate (Pn), stomatal limit value (Ls),
and water use efficiency (WUE) decreased, whereas the transpiration rate (Tr), intercellular CO, concentration (Ci), and stomatal
conductance (Gs) increased under nighttime warming. Nighttime warming increased the light fluorescence depletion, and inhibited PS Il
original light energy conversion efficiency and photosynthetic performance. The effects on Ls, Gs, Ci, and photosynthetic performance were
significant at P < 0.05. The application of 7.5 t - hm™ biochar and silicate supply improved Pn, and alleviated the inhibitory effects of
nighttime warming on photosynthetic and fluorescence characteristics. Under nighttime warming and no silicate supply, photosynthesis and

rice yield can be increased with the application of 7.5 t-hm™ biochar.

Keywords : nighttime warming; biochar; silicate; rice; photosynthesis; yield
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Table 1 Basic properties of tested biochar and silicon fertilizer

Ab#E 5T Chemical properties

7<) e L I
Catego : : FL AR A R
o pH(1:10 H:0) Si0:/% Ammonium nitrogen/(mg-kg™")  Available phosphorus/(g-kg™)  Available potassium/(g-kg™")
Fase Wy e 10.18 9.03 19.26 0.75 7.69
R A 8.09 14.21 27.58 0.94 1.92
s 9.22 32.26 21.05 0.01 0.38

ATt A=y % (BO) JJiti 7.5 t~ hm 2 A4E H 5 (B1) Fljiti 17.5
t-hm2 A=W (B2) 5 it ik 3 7K, At fE (Si0) it 89
#EA (Sil,200 kg-hm™) Fljitid 3 (Si2, 200 kg-hm™) .
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W22t , A FH SPSS 19.0 A7 BRI R J7 2250 HT (One—
way ANOVA), % JH Origin 9.1 #1721

2 HRE5RMH

2.1 #EKIERHR

JKFE A AR W A2 AR W 1, 7R
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Figure 1 Change of average soil temperature at night during the whole growth period of rice
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Table 2 F value of photosynthetic parameters of rice in each growth period under different treatments

bliee 314 [SES Sy BE BT 2P FEAE R T3y
Photosynthetic parameters Factors Tillering period  Elongation period Booting period Blooming period  Maturation period ~ Average
HOlL G A (Pn) AR I3 L 10.863 2.532 21.534%% 0.965 0.312 18.158
B A=W 4.890 0.926 17.605%* <0.001 0.295 5.162
CHEAR 2.363 0.776 — 0.604 0.700 7.512
FALFE(Gs) AR 134 L 40.409% 99.83 1 2.702 2.461 17.464 11.773%*
BEY b 12.239% 36.516%* 0.218 0.105 2.130 —
CHENE — — 0.511 3.180 7.285 3.210
JitLE) CO ¥R BE (Ci) AT 7L 22.137% 10.150 0.462 0.965 7.403* 5.651%
BEY B¢ 10.344 1.019 0.145 0.173 — —
CHENE 2.792 1.181 0.484 0.334 — —
B AR (Tr) A TR ()3 Tk 0.412 17.572 0.461 1.322 12.232% 0.063
BAEY b 0.881 35.384% 0.040 0.123 — 0.994
CHENE 0.784 2297 0.341 0.232 4387 1.002
TALFRAIME (Ls) AL IRI 2.600 13.612% 1.451 0.431 7.695% 5.923%
B A=Wk 0.984 — 0.418 0.095 — —
CHENE 0.084 2.264 0.725 0.467 — —
IKIFIFHRCR(WUE) AR iR 10.669% 1322 0.845 0.298 2.324 1.781
By — 0.170 2.842 0.181 0.229 0.461
CHRENE — 0.920 0.492 1.074 0.368 0.209

RS EAES LT HIN 3K 225 B3, #3008 P<0.01,*#/5 P<0.05, A,

Note:* indicates that the three levels of parameters are significantly different in each growth period. ** means P<0.01,* means P<0.05. The same below.
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Figure 2 Effects of different treatments on photosynthetic parameters of rice in each growth period
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Continued figure 2 Effects of different treatments on photosynthetic parameters of rice in each growth period
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Figure 3 Range analysist of different treatments on the average photosynthetic parameters of rice during the whole growth period
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Table 3 F value of fluorescence parameters of rice at the filling period under different treatments

[N % Factors v, v, FJF., FJF,, FJF, ABS/RC DIo/RC TRo/RC ETo/RC
A TR a5 ik 1.387 37.309% 1.047 1.110 1.019 0.847 0.951 0.830 —

B A=) 5 13.821 70.209% 2247 2.305 2.298 2.943 2.540 3.194 9.842+
CRENE 6.308 22.372% 0.136 0.143 0.209 0.505 0.135 0.875 —

ABS/CS, DI/CSo TRo/CSo ETo/CSo Pl Ples, Ples., DF s DF

AT A1 I 0.476 0.726 0.365 — 5.867 33.741% 5.357 7.495 19.279+

BEY R 2.073 1.828 2.370 10.158% 5.845 41.928% 9.428 8.654 22.594%

CHREAE 0.077 0.050 0.105 — 8.444 25.928% 6.502 11.864 16.095

Z G A A Fh B T30 (ABS/RC . DIo/RC .\ TRo/RC
ETo/RC,ABS/CSo . DIo/CSo . TRo/CSo F1 ETo/CS0) o H1
IKEIFTHICELS) , HiE TS50 RN, W2B2Si 1 Ab 3
T &SRR T H A AP 5 AL B R PS 1T 3 )
HUG AL AT R sk . R LT B R AT O 22 0)
BT (5% 3) , ETo/RC 1 ETo/CSo 52 A= W) 1% BY 52 Wi 4 1k
K- (P<0.05) .

AH LT Fo/F, PR RE TS EX (PLas  Ples, Al Ples,,) F19K
Bl 1 (DF s F1 DF ) 5 A M B 3 52 WA 2 56 A HLF
FPRAS , R B8 X6 G LA B2 o B ks (&
5) R, W2B1Si0 &b B R P 5E S BRI IR 8 7 5 A%, i
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Vi TG X T AR D S8R B 5 VA TR M ] AR 5 0 % 5 F/
T PR R HER S FU/F, R PS TR H O AR 1 35 K B 72405 B/
F.2 PS IHEAEE 1 5 ABS/RC 2 HUAEHG P SR G O s DIO/RC A
BRI A S O FAFE R RE At 5 TRo/RC O BE I A 52 17 a3 36
G s ETo/RC A BUALTE 1R 2 7 0 7 1 715 3 ) i 5 ABS/CSo
Sy BN 38 R A TR 14 5 i 5 DIo/CSo oA AL I8 A TR ARG BT
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RGO (F,) g BEAh 109 14 RE 5 505 DF s S DA AE S BE il 1) 4 20
TR DFra NERE M R HES) 1488 IR

V; is the relative variable fluorescence intensity at the J-step; Vi is
the relative variable fluorescence intensity of phase I F./F, is the heat
dissipation quantum ratio; F\/F,, is the maximum quantum yields captured
by PS Il reaction center; F./F, is the PS Il potential activity; ABS/RC is the
absorption flux per RC (RC is per QA-reducing PS Il reaction center) ;
DIo/RC is the dissipated energy flux per RC; TRo/RC is the trapped energy
flux per RC; ETo/RC is the electron transport flux per RC; ABS/CSy is the
absorption flux per CS (CS is per excited cross section) ; DIo/CSy is the
dissipated energy flux per CS; TRo/CSo is the trapped energy flux per CS;
ETo/CSo is the electron transport flux per CS; Pl is the performance
index on absorption basis; Plcs, is the performance index on cross section
basis (at t=0) ; Ples, is the performance index on cross section basis (at t=
tw) 3 DFas is the driving force index based on absorbing light energy ; DF o

is the comprehensive blade driving force index. The same below
B5 ERBMEREASHILETLE
Figure 5 Comparison of chlorophyll fluorescence parameters

during the filling period
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Figure 7 Range analysis of rice yield under different treatments
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Figure 6 Range analysis of chlorophyll fluorescence parameters of different treatments at the filling period
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