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Effects of fertilization on the growth and physiological characteristics of rice under different shading
conditions
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(1.Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing University of Information Science and
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Technology, Nanjing 210044, China; 3. Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences,
Langfang 065000, China)

Abstract: The weakening of solar radiation is one of the main issues associated with global climate change. It is of great practical
importance to understand the effect of weakening solar radiation on rice production, and to explore whether fertilization can mitigate the

depressive effects of weaker solar radiation on plant growth and physiological metabolism in rice. A field simulation experiment was
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performed to investigate the effects of compound fertilizer supply and silicate fertilization on the growth and photosynthetic physiological of

rice. A black shading net was used to cover the plant canopy to simulate the weakened solar radiation. An orthogonal experimental design
was adopted with three factors and three levels. Shading was set at three levels : no shading(S0, 0% shading rate), shading from flowering to
maturity (S1, 64% shading rate), and shading from tillering to maturity (S2, 64% shading rate). NPK compound fertilizer was supplied at
three levels: 100 (F1), 200 kg-hm™?(F2), and 300 kg-hm™(F3), and silicate fertilization was also set at three levels: no silicate fertilizer
(RO), slag fertilizer 200 kg-hm™(R1), and slag fertilizer 400 kg-hm™(R2). The results showed that shading decreased plant height, leaf
area index (LAI), intercellular CO, concentration (Ci), and yield of rice. Compared with SO, the yields in the S1 and S2 treatments
decreased by 43.99% and 54.24%, respectively. S1 increased tiller numbers, net photosynthetic rate (Pn), stomatal conductance (Gs), and
transpiration rate (Tr), but decreased the SPAD value. S2 increased SAPD value and Tr, but decreased tiller numbers, Pn, and Gs
compared to SO, while the NPK compound fertilizer supply increased plant height, tiller number, SPAD value, Pn, and Tr, but decreased Ci
and Gs. Compared with 1, F2 decreased LAI by 10.13% and F3 increased LAI by 12.13%. Compared with F2, F3 increased plant height,
tiller numbers, SPAD value, and Pn (by 1.28%, 8.21%, 4.16%, and 7.64%, respectively), and decreased Tr (0.64% ), whereas silicate
fertilization increased plant height, tiller numbers, LAI, Pn, Tr, and Gs, but decreased the SPAD value and Ci. Compared with RO, R1
decreased plant height and tiller numbers(1.27% and 5.00%, respectively ), while R2 increased plant height and tiller numbers (0.50% and
13.77%, respectively). This study suggests that under reduced solar radiation, applying 300 kg - hm™ of compound fertilizer and 400 kg -
hm™ of steel slag silicate fertilizer not only ensured higher yield but also clearly mitigated the depressive effects of decreased solar radiation
on plant growth and physiological metabolism in rice.

Keywords : shading; compound fertilizer; silicate supply; rice; photosynthesis
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Table 1 Schedule of Ly(3*) orthogonal test

i [X % Factor

Number A B C
1 1(S0) 1(F1) 1(RO)
2 1(30) 2(F2) 2(R1)
3 1(80) 3(F3) 3(R2)
4 2(81) 1(F1) 2(R1)
5 2(81) 2(F2) 3(R2)
6 2(81) 3(F3) 1(RO)
7 3(S2) 1(F1) 3(R2)
8 3(S2) 2(F2) 1(RO)
9 3(82) 3(F3) 2(R1)
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Table 2 Variance analysis of growth indexes in different growth periods of rice (F value)

. . B Growth period
i i Py ey F S JEAEM W A
Growth indexes Factor 7 7 7 7 BiSte
Tellering period  Elongation period  Booting period Blooming period  Pustulation period Maturation period
PR AER 1.62 3.58 38.77* 171.54%% 21.98* 5.47
Btz A3 A 8.20 1.97 5.12 23.06* 0.37 0.23
C it Ae 6.04 2.56 1.08 134,79 475 2.73
Sy BERL A S B 3.20 — — — — —
Bt A3 A 0.19 — — — — —
C A 0.61 — — — — —
[RTIp e AJERH 22.78% 13.90 34.39% 6.57 3.09 113.05%%*
(LAD) Bt & A0 0.60 0.14 7.05 1.04 3.15 0.65
C it rENe 2.02 1.23 0.02 0.07 0.10 123.65%*
2 A it AJHERH 163.69% 7.94 4.45 1.66 0.35 7.58
(SPAD i) Biiti & A IE 3.8 19.90% 047 0.73 18.35 0.23
(0082 it 0.44 7.12 3.56 0.84 15.82 0.02

1 #P<0.05;%%P<0.01. A,
Note: * indicates P<0.05;** indicates P<0.01. The same below.

1% WHART]
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Table 3 Range analysis of the average growth indexes in the whole growth period of rice

R oass [N 3 Factors PR SrERL LAl SPAD i
Number A B C Height/em  Tiller number SPAD value
1 S, F1 RO 93.72 13.70 2.78 43.00
2 S, F2 R1 94.44 14.70 3.03 43.30
3 S0 F3 R2 97.22 15.90 3.38 42.90
4 S1 F1 R1 88.67 13.80 2.32 39.92
5 S1 F2 R2 90.61 17.10 2.11 40.67
6 S1 F3 RO 92.08 17.90 2.88 46.79
7 s2 F1 R2 88.13 12.20 2.06 39.42
8 s2 F2 RO 88.78 8.10 1.36 46.02
9 s2 F3 R1 88.03 9.30 1.78 45.69
RS K 285.39 270.52 274.58
K> 271.36 273.83 271.14
Ks 264.94 277.34 275.97
K 95.13 90.17 91.53
K> 90.45 91.28 90.38
Ks 88.31 92.45 91.99
R 6.81 227 1.61
53 HERL K, 44.20 39.60 39.70
K 48.70 39.80 37.80
K 29.60 43.10 45.10
K 14.74 13.20 13.22
K> 16.24 13.28 12.59
Ks 9.87 14.37 15.04
R 6.37 1.17 2.44
LAI K, 9.20 7.16 7.03
K 7.31 6.51 7.13
K 521 8.05 7.56
K 3.07 2.39 2.34
K> 2.44 2.17 2.38
Ks 1.74 2.68 2.52
R 1.33 0.51 0.18
SPADAii K, 129.10 122.30 135.80
K. 127.38 129.90 128.90
Ks 131.13 135.40 123.00
K 43.04 40.77 45.26
K> 42.47 43.32 42.96
Ks 43.71 45.12 40.99
R 1.25 435 4.27

H:Kii=1,2,3) B EEACFZ A, K(i=1,2,3) & B REAKTHM, R IWEE . T,

Note:K:(i=1,2,3) is the sum of the level of each factor, Ki(i=1,2,3) is the average level of each factor,and R is the range. The same below.

S RERE LA e 45 3R K R A= 386 11 FE, 3RS Gs MY SZ AL A « 38 95 > it FH 4245 A > i
222 SALFE(Gs) FHREAE . S2451F T Gs{HHAK, 5 F1AHE , F2 F1 F3 435

T2 M EE R (6 4) B, A TE AR X Gs A FAAIG 2.44% F112.20%, 5 RO AH H , R1FITR2 43 B34 0
BRI (P<0.05) , it & A I Fite R e A F 8.11% M15.41%. SIFIR1 HEaEANFE(E2) .
WXt Gs ¥ 0 B E 52 (P>0.05) . MRS/ Hr 4 i (5£5) S2ALFRR Gs FEARAH &, 7 S1 AL BRXT Gs 52 M 45

WWW.Qes.019.CN
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Figure 1 Factors level trend diagram of growth indexes
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Table 4 Variance analysis of photosynthetic parameters in different growth periods of rice (F value)
Plinee 214 RES £ FH B Growth period
Photosynthetic Fac’l;r Sy BEH EL AR ] 7P R AL T AR
parameter Tellering period  Elongation period  Booting period ~ Blooming period ~ Pustulation period Maturation period
A R P AJHERA 1.49 235.58%* 0.77 170.73%* 12.29 7.64
Bjiti i A IE 3.38 205.01%%* 0.19 51.99% 1.96 1.77
C it A 11.66 42.15% 0.31 37.33% 4.95 4.60
AL Gs AERH 0.36 9.13 42.83% 1.11 6.19 233
Bjiti i A IE 6.95 2.54 9.96 2.44 1.30 2.08
C Jiti f 5.55 1.21 6.59 1.18 3.60 0.35
ffE] CO MR Ci AERA 8.96 1.07 48.69% 2.37 2.73 0.94
B Jiti &2 A5 1 2.36 0.60 5.05 4.14 0.62 0.34
CtiREE 1.74 1.30 2.29 3.49 0.51 0.27
ZE I TR Tr AHERH 2.01 277 5.83 3.34 6.03 4.06
Biti & A e 2.04 1.24 3.76 0.33 2.16 2.26
CJitiRENE 221 0.59 3.02 0.33 4.06 0.55

N ] UL BEOR 32 AR KRR AR KT A X Gs 52 i)
R,
2.2.3 Jifgfa] CO. M (Ci)

T 2250 M e e (R 4) B il P 7E 2R XS i
252 (P<0.05) |, it FH 42 65 N8 i FH A B A 45 2E
B R E W (P>0.05) ., WESHEER(FES)
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FE, 3 PR ZE X Ci Al 52 R A« 38 B > it FH &2 45 e >
Jits FIREAE . SO 254~ Cidmeds , S2 25144 F Cidefik. 5
F1AH G, F2 T F3 23 5 B AR T 3.41% F14.51%, 5 RO
AHE, R1 AT R2 43 551 B A% 0.38% #16.35% . SOF1RO M
H il A PR (E12) o Ci Bl 308 B A ] S K T RAIG [ e
Wi I £ 15 I RERARR , it FH 52 5 IE RN AR NE I T A R i3
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Table 5 Range analysis of the average photosynthetic parameters in the whole growth period of rice

N e K% Factor Pn/ Gs/ Ci/ Tr/
Number A B C (pmol-m™+s™")  (mol*m™+s™")  (wmol-mol™)  (mmol-m~-s™)
1 S0 Fl RO 10.81 0.40 344.20 5.22
2 S0 F2 R1 13.57 0.42 324.23 5.98
3 S0 F3 R2 14.84 0.38 320.44 6.11
4 S1 F1 RI 13.41 0.48 336.02 6.17
5 S1 F2 R2 13.97 0.46 327.20 6.29
6 St F3 RO 13.64 0.38 321.91 5.76
7 S2 F1 R2 12.67 0.35 31271 6.13
8 S2 F2 RO 11.32 0.31 307.65 5.70
9 S2 F3 RI 13.34 0.31 305.75 5.98
Pn K 39.22 36.90 35.78
K 41.02 38.86 40.32
K 37.33 41.82 41.48
K 13.07 12.30 11.92
K. 13.68 12.95 13.44
K; 12.44 13.94 13.83
R 1.23 1.64 1.90
Gs K 1.20 1.23 1.10
K> 1.32 1.19 1.21
Ks 0.97 1.08 1.19
K 0.40 0.41 0.37
K> 0.44 0.40 0.40
K, 0.32 0.36 0.39
R 0.12 0.05 0.04
Ci K 988.86 992.92 973.75
K, 985.13 959.08 966.00
K 926.11 948.10 960.35
K 329.61 330.97 329.62
K 328.38 319.70 328.38
K 308.70 316.03 308.70
R 20.92 14.94 4.47
Tr K 17.31 17.53 16.68
K 18.23 17.97 18.14
K 17.82 17.86 18.54
K 5.77 5.84 5.56
K. 6.08 5.99 6.05
K; 5.94 5.95 6.18
R 0.30 0.15 0.62

WERAXT Ci 52 RO A Ft , R1 A1 R2 4> 51 4% /i 8.81% #1 11.15%,

2.2.4 FEJEHR(Tr)

T 22 T g AR B (K 4) i BH it 1 &2 A e A
Jite F i B AE 4% A AR i W T 3 0 8 3 R I (P>
0.05). W2 A W R (F5), 3 R Z X Tr i i 2
R it REAE > B > i FH &2 A I8 . ST 444 N Trifi
i, 5 FLAHEL , F2 F1 K3 43 538 00 2.57% 71 1.88% , 5

SIF2R2 A id AbHAL (&12) o STEEBIALFE R Pn . Gs
B0, P Tede ok, BT UL, ST BH A 34 ) T kil bk £
HEVER
2.3 A[E)18 R K hE BE X 7k 8 F- = A 22 0

i 2 T R (2 6) R WY, SR it 52 5 I it
RENEXS im0 R E 5o . 2T 45 R (R 7) 2
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Figure 2 Factors level trend diagram of photosynthetic parameters

N, 3 DRI ZEX 7 o 1 K VR S+ 38 I > it ke JES > e 2
AR, 5 SO M HL L ST, S2 38 B 45 14 T 7 i 4 il B A1
44.02% F154.29%, 5 RO L, R1 R2 AL B j= i1 43
SN 27.15% F113.97%, i 52 A5 NEAL BT /KA 7=
AHZER /N, SOFIR1 A e id AbFRZH |, S1 43T it 52
AL FLFIEEAE R1 3G ROCR I (3R 7) , S2 A3 F it
FHAZ A B F3 Rk A R2 38 7= 5 SR A S (R 3) . D
ANTBEBH T A6 — B2 i BH Ak BT 2 it 4245 HE A
RENEXT KA I BB A R, 24 7 W AT
RC it 22 52 A N AN RE R AT 3 7=

3 g
NGBS W A ANERIE AR AR ARBF S, 8 FH

S KR A 55 0 LA [ 2 8 P RF ) 38 R 7 i i
{HALA B FEIN T, 08 B A 7R A v A LA ™, 3
ESARWTFEAERARE , SR PRAE T i JEE A2 Ak i 25 5

RO KBFEFENMN(FE)
Table 6 Variance analysis of rice yield (F value)

W A (ELAN TR b o6 835 1 S AN ]2, 583 D' iy 3
AN TF AT AR il Pl = 3 5 A 0 BH AR
JEE L% HF ) X 245 2t A 5 R MR, AR W 5 0 B Rk
64% , L [ INF 1] A 7K A 8 % A A 35 2 1) A B A I

RT KBFEERESN
Table 7 Range analysis of the rice yield

[H % Factor 75 Yield
HER 100.27
i A 2.77
it A A 7.80

N Ty M # Factor s
Number A B C Yield/(t-hm™)
1 SO F1 RO 12.25
2 SO F2 R1 13.79
3 SO F3 R2 12.81
4 S1 F1 R1 8.75
5 S1 F2 R2 6.39
6 S1 F3 RO 6.61
7 S2 Fl R2 7.00
8 S2 F2 RO 4.11
9 S2 F3 R1 6.67
K, 38.85 28.00 22.97
K, 21.75 24.28 29.21
K 17.77 26.09 26.19
K 12.95 9.33 7.66
K. 7.25 8.09 9.74
K; 5.92 8.70 8.73
R 5.70 0.64 2.08
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Figure 3 Factors level trend diagram of yield
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T, SPAD fH 3% Yokl 15 38 BF 2 3 A O, G ] 41 88 i [
K, WS, M BRI AR R A
F o S S BE- LA ) A5 4T SPAD {8 fin L (H
Pn BRIt Z , HIG, SB A RE S IR ARG SR . AP
B, ife ik B X SPAD BTG 8 35 52 W, 3 5 1 AF 5T 45
R—E) it A A M T 38K RF SPAD AR, H bl 45 it
JE RGN, SPAD (B A 34 0, ik 2 i T AR B 5R St
SR E S L B A i & S I T i E AR
IR, ANITTRS T SPAD AE

R S5 B el A2 T 3 S A ) i R A R
DAL B AT 8 570 Jo () W S0 73 P e e T 52 10 R )
L R B ARG T ORI AR L, 43 BE- AR
PRI BABEAK P A1 G, 1T T 76— BT 388 B 45 75 P
Gs Al Tro R HAE T 24 B W B2 K R s R AR K
FAFEA A TR G BEOR 2, AR TR AR,
[K I P BEATR, 1T Gs B Bl REFE T IR UE 6 & ik R fb. B
H1, b/ MEK R 5006 MR RN B
FAEA S, B P 1 AL 2R I R U N ) 3
Ab KRS TE AL - B Ak T 5 2 v iR 4T G B A 3R
o 2 A& 45 1, 1 i S fA b i 2R BT
B SR O RE R A5 1, RO CREFE 2R JEAR i fL v e
F1P2 TR & T P Gs Fl Tro ASHHF 9 K B 2 &
JIE At FH A AT 257 BB 184 00 P R T, Tt AR RE RT3 0 Gs

FWIHE AL FRT it ok 2 52 M A0 ek S i e
oA R, —E R G B R A AR . A
WEFE b R it P A AIE (5 F AR F) it A A E X
SRR Cio IR T CiR/NBO T A i 25 COL ik
JE R AL A SRR A DL S T, 2
28R 2R N

ABIEGE A B, E B e FH A2 5 M A A S K A A=
TR A PR AT S5 ) 70 B = AUt B 7K A
HE AR R A PR R IR BSR4 BT 77 R R R R
1T A5 MBS AR S T 7 3 o A — B
B 4k BT 2 i 52 6 I AR AE A 7 iR A, IX
JE PR T T it A S R e i ox A2  HE rh R BT 0 R
R IR AT I, 88 g 52 HE A 236, AT e 7 2 JE
B AR S B Ak BT DU S it A 22 A HE
TREAE , P 24 22 ikt B 0T 7 S ) 5

25 b AT R B it P 1 A5 HE M HE AT g
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(1) B /K RS OG5 AR 0 S 5 bk i L LATL
SPAD {H . Pn.Gs Fl Cio 43 BE — il 24 30 38 BH (i BH 2%
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JE A IR AT PR E 7

(3) ZE ATk a5 B BoR | 5% M ACRE A 4 e A B
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