55 31 B 1 K AR R Vol. 31 No. 1
2017 4 2 A Journal of Soil and Water Conservation Feb. ,2017

(KB E T INEERT EXE B, "#%Zﬁﬂffi%A:"‘éﬁ*iﬁ’Jﬂfﬂﬂ

RMAEDE, R M, pakR, REA, B 2, XA LA
CL DI A RS 61113052, 00 1128 4 L B3 5 0 B B 67+ A 610066)

FEE . R0 o (B o 38 T K T 3 W O R RN I SR R SOk S B R i) L R R R B 2R LA
Jih i BREE L DL E K SRR IELL 2 5 RE 2L 115 Sy A e B 3 A vk BE . TR ARBE IS 38 Py (0. 01 mmol/
L) i EEAR B WA P, (0.1 mmol/L) FlIE % B ¥k B Py (1 mmol/L), #8583 A4k #k B . Si; (0 mmol/L) . Si,
(0. 75 mmol/L)F Si; (1. 5 mmol/L) , E# 1 J% 28 d, M @M Bk UM AE F 45 1 At nt 4 £ 3¢ R S50 Mtk
TYRE FEMBERSEMMERE, FREWR . (DBEREN P BAKE P, M P2 A EKRF T, Ak
TR B R B BT M 34.73%,39. 26%,29.10%,33.01%,81. 81%,87. 63% ; [F] i}
AR Jr PSR rbvacs FF 50 RR B 080 55 O RE A 4K ADG RE 5% 4 BB J) L BRAR AL T8 16 203, S BU R I 7 A HE
THRE W ISR, (2 REVR TN Siy B4 ZE Si, A1 Si, .2 AN EK AL BT YRR EE R E R B
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Silicon Application on Silicon and Phosphorus Nutrition and
Chlorophyll Fluorescence Parameters of Maize During
Seedling Stage Under Low Phosphorus Stress
ZHU Conghua'**, ZHANG Hong’, YUAN Jichao', ZHANG Jiali',

JIANG Yi', WANG Xinglong', KONG Fanlei'
(1. College Agronomy of Sichuan Agricultural University, Chengdu 6111305
2. Institute o f Plant Protection , Sichuan Academy of Agricultural Sciences, Chengdu 610066)
Abstract: Under low phosphorus stress, the benefits of Si application on improving Si accumulation, P accu-
mulation and chlorophyll fluorescence parameters of maize during seedling stage were investigated using medium
ZH2 and ZH115 by sand culture experiment. The treatments consisted of three P levels (0. 01 mmol/L, 0.1
mmol/L and 1 mmol/L) and three Si levels (0 mmol/L, 0. 75 mmol/L and 1.5 mmol/L). Maize seedlings
were incubated for 28 days, then the items were measured, including chlorophyll fluorescence parameters of
the first top fully expanded leaf, dry matter accumulation, Si content and accumulation, P content and accu-
mulation. The main results were as follows: (1) The dry matter accumulation, Si and P accumulation amount
of these two varieties (ZH2 and ZH115) reduced by 34. 73% and 39. 26% ., 29.10% and 33.01%, 81.81%
and 87. 63% in average, meanwhile the open degree of PS | reaction center, efficiency of lightcapture,

efficiency of light energy transformation and electron transportation of the leaf all decreased significantly, and
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heat dissipation of the leaf also increased with P concentration from P;to P, and P, in culture medium. (2)The dry
matter accumulation, Si and P accumulation amount of these two varieties (ZH2 and ZH115) increased by
21.54% and 36.05%, 120.08% and 236.65%, 39.81% and 69.17% in average, meanwhile the open degree
of PSII reaction center, efficiency of lightcapture, efficiency of light energy transformation and electron
transportation of leaf also increased significantly with Si concentration from Si;, to Si;and Si, in culture medi-
um. (3)There were significantly positive correlation between P accumulation and Si accumulation in plant.
F, F,(XE), F,/F,,(XE"), F,;/F,, (¢PSIl) s and ETR showed significantly positive correlation with P accu-
mulation in plant, and the same with Si accumulation. (4) When P concentration in culture medium was 1
mmol/L or 0.1 mmol/L, comparing to treatment of Si,, dry matter accumulation, Si accumulation, P accu-
mulation, efficiency of light energy transformation and electron transportation of ZH2 and ZH115 all
increased under the treatment of Si, and Si;; but the treatment of Si,and Si;on improving the above items was
very weak when P concentration in culture medium was 0. 01 mmol/L. In summary, the improvements in
phosphorus deficiency tolerance of maize were resulted from increasing Si and P uptake and accumulation in
plant, efficiency of light energy transformation and electron transportation of leaf, and decreasing in photo
inhibition by Si application, even these benefit of it could be found more under normal P level.

Keywords: low phosphorus stress; silicon; phosphorus; chlorophyll fluorescence parameters; dry matter
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0.75 mmol/L 1 1. 5 mmol/L.i2 A Si; .Si, . Siy. K
Bk 9 A AbBE, T AL BRAR Bl 6 A B AL AEATHE Rl 6
RO 3 L2 A A Akt 324 4

IEAE R WS 5% Hoagland's CE M 22 [0) &
FEW B < 2. 5 mmol/LCa(NO;), , 1. 0 mmol/L K,SO, ,
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FRE. B 3.

(IS B I 5 A E A, H CF Imager
2 2 9 15 &R G5 (928 Technologica 23 7] 42 7%)
D TR 1 Ak, i 5 W5 SE B2 30 min J5 I i
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WREAG. WL IR M AR, ORI O RE A AR
OB DGR R R ROR A 1% 3 3R T B Al bk
3 2 444 5 PAGRE HIOR T FE 2 T A9 Ok BE L 0D TR PR
AR TR 3 & R 40 AR 38 T in Ak Ak 2 CRe e
JE R 1.5 mmol /L) fig b 3 4 w55 E K M Fr )t e 4 48 2

1.3 #HIESH O RE 4 80 T H, e 38 AR hn 38R ot e
H DPS 7. 05 1 SPSS 19. 0 & {4 i 47 i 56 B4 K AEK O G A A B E
x1 RBEHPETEHENERMAEESHOZN
Fa2% 4115
Wk gk FJF, F,./F.—1 F,/F, F;/F, Fy/F, TR F,F, F,/F,—1 F,/F, F;/F, Fy/F, ETR
(XE)  (NPQ)  (XE)H (P (ePSID (XE)  (NPQ)  (XE) (@P)  (¢PSID
Sis 0.80la  2.97b  0.531a  0.298a  0.16la  67.4la 0.791a  2.62c  0.527a  0.305a  0.159a  66.57a
P, Si, 0.800a  2.76c  0.519b  0.266b  0.142b  59.71b 0.806a  2.98b  0.520a  0.282b  0.145b  60.97b
Siy 0.798a 3. 16a 0.502¢ 0.283b 0.135¢ 56. 63¢ 0.793a 3.50a 0,478b 0.281b 0.132¢ 55, ddc
T4 0.800A  2.96B  0.517A  0.276A  0.146A  61.25A 0.797A  3.03B  0.508A  0.289B  0.145A  60.99A
Si; 0.732a 3.00c 0.453a 0.283a 0.119a 49, 84a 0.717a 3.48b 0.460a 0.441a 0.141a 58. 94a
P, Si,  0.698ab  3.30b  0.450a  0.268a  0.111b  46.62b 0.678a  3.53b  0.435b  0.413b  0.130b  54.39ab
Si, 0.667b  3.63a  0.438b  0.216b  0.110b  46.13b 0.582b  3.79a  0.433b  0.348b  0.125b  52.43b
T 0.699B  3.31A  0.447B  0.289A  0.114B  47.33B 0.659B  3.60A  0.443B  0.367A  0.132B  55.25B
Sis 0.674a  3.27b  0.452a  0.290a  0.105a  44.17a 0.591a  3.47b  0.421a  0.302a  0.124a  52.08a
P, Si, 0.64da  3.15b  0.450a  0.255b  0.098ab  41.16ab 0.565a  3.57b  0.420a  0.213ab  0.102b  42.63b
Siy 0.551b  3.47a  0.433b  0.257b  0.097b  40.46b 0.490b  3.7la  0.365b  0.165b  0.106b  44.31b
T 0.623C  3.30A  0.445B  0.268A  0.100C  41.93C 0.549C  3.58A  0.402C  0.227C  0.110C  46.34C

TPy BEVWEEESH 0. 01 mmol/L; Py B# B 0. 1 mmol/L; Ps BV EE 4 1 mmol/L;Siy ¥ Bl 0 mmol/L; S ¥ Bl 0. 75 mmol/L; Sis #f
WRE N 1.5 mmol/L: F,/F,, (XE) Jg PSR A0 7 HB K B 3R 80% s Fo /For — LINPQ) AR Y2 R R HG Fo /F,e (XED g Y6 FF
JCT ) PSRN A0 B R BB AR s Fy /Fy (qPY R Fy /Foy (@PSTD RGE # VR ZBGETR M T30 . FSIRF KRS 78
FR ARSI 1) LSD I 36 7E p=0. 05 KV b 22 5 1 3 5 W80 A [R] /NG <7 B8 3675 A IR] i v 3 1 A [\] 3 ¥k 3 1) LSD vA K 38 76 p=0. 05
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x2 REHETMENEXESENHNE Ml mg/g
e v i Lo 4L 2 5 L0115

Pk ik # % i # % i
Si; 7.32a 13.55a 10. 96a 15. 40b 2.57b 13.45a
P, Si, 6.35b 7.24b 5.26b 21.37a 5.38a 6.96b
Si, 4. 69¢ 3.71c 2. 80¢ 21. 38a 1. 88c 3. 76c
T8 6.12B 8.17B 6. 34A 19. 38A 3.28C 8.05B
Si; 6.93b 15.92a 9.00a 17.83b 11. 21a 12.99a
P, Si, 9.77a 10.47b 6.66b 25. 48a 8. 40b 7.37b
Si, 3.99¢ 4. 68c¢ 2.93c¢ 17.13c¢ 2.37c¢ 2.76¢
SE M8 6.90B 10. 35A 6.19B 20.15A 7.32B 7.71C
Si; 9.21a 16. 83a 7.69a 12. 23a 13.52a 19. 20a
P, Si, 8. 30b 10. 21b 5.92b 7.66b 10. 49b 11.67b
Si, 6. 80c 3.67¢ 3. 11c 4. 28¢ 5.25¢ 4.91c¢
Rk 8.10A 10. 24A 5.57C 8.06B 9. 75A 11.93A

£33 REHETMENEXREREEMSENZM
A= 1E4r 115

v R BB R R/ %/ -/ HpRFR 2 R/ 2/ -/

#/mg % % % /mg % % %
Si; 67.83a 10. 66¢ 21.52a 67.82a 94.51a 20. 14c 4.69b 75.16a
P, Si, 40. 78b 20. 09b 24.52a 55.39b 55.85b 44.69b  10.18a 45.13b
Si, 13. 60c 31. 24a 23. 76a 45.01c 31. 94c 70. 34a 4.97b 24. 68¢c
S BB 10. 7T4A 20. 66B 23.26B 56.07A 60.76A  45.06B 6.62C 48.32B
Si; 37.39%a 16. 42¢ 33.99a 49.59a 64.61a 32. 26¢ 14. 29a 53. 45a
P, Si, 30. 82b 30. 24a 23. 89b 45. 87a 50. 23b 58.27b  11.19b 30. 54b
Siy 12.56¢ 25.49b 25.93b 48. 58a 23.18c¢ 70. 04a 6.10c¢ 23. 86¢
S 4 % 26.92B 24.05B 27.93A  48.01B 46.01B 53.52A  10.53B 35.95C
Si; 33. 66a 22. 94c 31. 44a 45.63a 68. 89a 15.35b  14.8lc 69. 84a
P, Si, 25.54b 26.93b 25. 44b 17.63a 34.15b 18.65ab  17.14b 64.21b
Si 14. 26¢ 35.02a 17. 32¢ 47. 66a 16. 69¢ 21.07a 20. 60a 58. 33¢c
SEHy % 27.82B 28.29A  24.73B 16.97B 39.91B 18.36C  17.52A 64.13A

2.4 REBEMETMEMNEXBSERMNEENEIN

MAFE 4 T AR P A0 2 8 B AR R ORAR L ZE et
gl et NI B RAR R I 2R . 5 0E 5 ik B Ak
FEP; AHEL, T BB M0 A0 B P, TRIELT 2 S AIEZL
115 A 28 I A i BRI 58. 52%6,.82. 36 %6 ,54. 90 %
1 53. 66 % ,72. 84 % ,88. 84 %% ; H FE I M iy atd 4b B P, v
IELT 2 S RIIELT 115 AR 25 Hi 5 543 B AL 69. 7724,
76.95% ,74. 19 % F1 58. 94 % ,74. 69%,92. 34% , H AN
REALFE Siy AH L, INEEALFE Si, A1 Si, fEfs i 25w F ok
MR R AR . AR 5 AT IREE 3 2 B R AR R OK
R B 2R AR R e T L o A el 22 R R
ARRE A 17 (NG SL 7 3 T o P (AR 73 B ]
SR KRR BT 76. 55% ~90. 63% , A5
FERAE AR R 19,56 % ~151.70% ., fEIF
BV Py R E R BE A P, A B A ik AL 3
Si, F1 Si; REWS W E IR M IELL 2 S RIIELD 115 A bk i
R R A b 2R AT LA R AT ZE P R A T
o9 /o BE AR W 3e Py Ab 3 b, 5O e b 3 Sh
AL NRE L FR Si, A1 Si th 2 D EK SRR E
B ER . 25 E IR AR EEE 2™ A oK

A AR W 2% W WSOR AR 2R L J A8 A b A Ik 3 2% A8 T 4b
T5 it rk e S A R B S A B AR Rk e
SRR B T A 8 7 T S ) s DR Ok S B AR b R I RN
8 S T ot %o o 8 K B R R 5

x4 REBMHETEMNERBSENEN

By .mg/g
" . Fa2s 4115
B REVREE m = m m p m
Si;  2.95b 4.1dc 4.62a 2.55b 5.28a 4.8la
P, Si,  3.04b 5.98a 4.05b 2.90a 4.88b 4.48b
Sip  3.34a 5.37b 3.30c 1.94c 4.40c 4.40b
28 3.11A 5.16A 3.99A 2.46A 4.86A 4.57A
Sis 1.41a 0.92a 2.33a 1.28a 1.28b 0.70a
P, Si, 1.32a 0.88a 1.89b 1.10b 1.28b 0.44b
Si,  1.14b 0.92a 1.19c 1.06b 1.41a 0.38b
HE 1.29B 0.91B 1.80B 1.14B 1.32B 0.51B
Siy 0.97b 0.97b 1.19a 1.14a 0.97c 0.48a
P, Si,  1.23a 1.28a 1.06b 0.92b 1.19b 0.31ab
Si,  0.62c 1.32a 0.84c 0.97b 1.54a 0.26b
FHE 0.94C 1.19B 1.03C 1.01C 1.23B 0.35C
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x5 EBHETEHENERBEREERESENZIE
2B L0115
Wit B2 E O BRERER R/ £/ -/ R R R/ %/ -/
i /mg % % % i /mg % % %
Si, 26.76b 10. 88c 16. 66¢ 72, 46a 37.73a 8. 40b 24, 18a 67.42a
P, Si, 29. 56a 13. 24b 27.97b 58.79b 24.80b  13.76a 20. 69b 65. 55a
Si, 14. 94c 20. 30a 31. 34a 48.37c¢ 14.99¢ 13.61a 24, 81a 61.58b
S 458 23.75A 14.81B 25.32A  59.87B 25.84A  11.92B 23.22C 64.85A
Si, 6. 79 18. 39b 10. 95b 70. 66a 4.41a  33.79b 23.82¢ 42.39a
P Si, 5.89ab  21.37a 10. 50b 68.12a 3.02b  41.73a 28.14b 30.13b
Si, 4.03b 22.78a 15. 95a 61.27b 2.59b  38.68a 32.22a 29.11b
RESk 5.57B 20. 85A 12.47C 66. 69A 3.34B  38.06A 28.06B 33.88B
Siy 3.79%a 21.39b 16. 06¢ 62.55a 2.92a 33.61a 24.92c¢ 41.47a
P, Si, 4.00a 25.52a 20. 28b 54.20b 2.0la  38.18a 33.01b 28.81b
Si, 3.17a 14. 35¢ 28.01a 57.64b 2.32a  34.23a 43.27a 22.51c
S 4 8k 3.65C 20.42A  21.45B 58.13B 2.42B  35.34A 33.73A  30.93C
3 ik (XED.F,'/F,' (¢PSID . ETR 5 i 1 R & 3% 1T # X

HEVE KR ERFEEHEDN AR TE.C&
B RBHIF T AE BT AT R RE AR A PR Y
Ui v AR E T Ak BE B I FOKAR K AR T &
WE R M, 2 4R R OR AT AR I RE O AR R R
R T 38 R N BE BE B N R KRR RIS
J3H R A0 R R R A OR B TR R b SOk AR 32
o SR A T A R b S e QT B R LR AR i I
WEAE 0 ARBR ST 45 0 TR RE R R A LR
B IE A Gro,os0s = 0. 5697 ) 43X 22 B N &£ g 42 32
B0 SR 0N 7 SO S S A (g 73 SN IR
J1 . AR 8 T Bowk 2 PR B R S0 R ORAE R Y
IEH AR BT 4 0 B 2R L AE b T 5 A2 11 52 ) A X
Hby E /0N DR OHAR S L B v s 3 3 I B A
FEAENH . 7EIE W BEKF Py Fdh B WG P, 51
oA 1.5~0. 75 mmol/L i BE 4% B W 58 Jin 1E 41 2
SHIELT 115 MAE BRI A i 8 & B A A B 5, AT
B K B ARG 1S T B AR R 5 {H A R AR
38 Py B E TR IRk G R OK R B IR A IO RS
PR B A AU SR e ™ A DA R A R DA TR R Y
W 2 IR A AR ORIE FOK I B AR (IR B ae T RE AR
RE 5 412 T AF R W WSO R 2R 8 22 B g H DR L TSk A
BABECER S 5 4 A A AR, Bt DUTE K H AR 7 512 3%
v, R AR AR K e AR D i A A T LR R I A
BN AT A FAC I

WEAESEA AL SIE BRT Calvin 46 R H (18 AR Sy 5
LR [EAE 1 B9 A Calvin AGFR CHERE Y75 74 . RuBP
M E LU Rk iz i . ARBEI IS & S 80K R
PSIT SC AR AN O R 4 A L 4% 12 RACRRR AR 1 781
R eI AR AR EWLF,/F, (XE).F,/'/F,’

(oo =0. 4217 ,0.490" ,0. 724" * ,0. 722" " ), 50 il &
AR A A TEAH DG Groors = 0. 87477 ,0.899"
0.736" " ,0. 741" " Fl o 4105 =0. 767" " ,0. 883" * ,0.809" " ,
0.8117 "), 3 3¢ Bl o #8 f= FOoK i 5 vp il & i R AR 2R
R R ER SRR TR i E
LR Z — . (KB MM T IELL 2 S5 RE ST 115 8 it
o i PARE TR A2 0 39 E Ao 9 A 9k e DL v
AR B S 1 [ b ORI AR O 0 o R ol
LB e =t b 87 N ST S Ry AT U 3 O oY (9
JoiR 38 T A R A = ORI G RERE AR R R m T
T & xRy A, F 3R PSS i
Oy X K B 1) e A0 R R A% 38 3 A2 R DR R O I o, 384
S AL A . T WL RE IR A AT RE B S 5 T
TR X RE A B ARG A R

4 %%

(DRI E 2 S EIELT 2 SHIEL 115 H At
REAH A B AL R A% 35 B 1 T R L 32D T o B SR L
AT TR R W AT R R L R R A 1 R B PR TR
T3 s JO S 3 E S T ) U8 K i D/ M AR R AR R
A E Z BN

(2) v B AU B2 T 300 R0 IE % W R B T A VR B4 e e
AE F R IELL 2 S HIELT 115 Rk MBE 248, 5
MR PSR o 1 R B G RE A 3K G RE &% 4 Fn
HL A% 3 250 A I i 5 R iR = 0 R 0 & BB L iR
S, LLIEZT 115 AW & .

(ORI RRE L EIEAEEES S £ K
R ERER IR AR (H 2 ik RE GBI B e K 1
FE IS TR A FOK T BT A P e ) e 5 KA
FE A B TRE B IE FiE A R
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