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X /KRG = B I 78 A — el iid, HEE RAR—
. FHREPSR A Bk 7 RAE KRR B . 2Rl
JHERE, 25 SR A 4y BE Hm T Ak AE o] [ K g 1A ROk
$E 1.96%~65.56%, Mo EE, 1A
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1.1 R XHEER
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VKA 5108 mm, WEMAKEES, HAHERK
1] 68.2%. ZAE-T-HH I AZ 2338 h, HFEH
WA, 44 IR DA 20.6%. 1K +HEN
BSR4, 3 pH B 7.91, FHHLRER 0.91%,
KR8 61.08 mg/kg, AR 62.28 mg/kg, K
4t 216.5 mg/kg, 5 UHE R 133.14 mg/kg. BT

75356 2 Hh 0~30 cm - Z AR FHUT & 4 1.49 glem?®,
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Fig.1 Meteorological conditions during the rice growing period

1.2 It

ARIE L “HEEJE 85”7 KFE AW SR, KAH
ST BE AT BT IR . DT T A8 S K HE HR R
RSFN 2 mx2 mx.5 m (K i) o AT 6
1T+ BT 9 JX. FEUX 6 T 4780 30 cm. FREE 20 cm.
T 6 21 H#dE, 10 A 22 Hgk. iksekiant
i (Si0,=290 g/L) 1E N HbiAAE, AR HEAE AL )
e REAE 77 RIS & E SRR se g R E
FEALHE I )y 6 kg/hm?, ST, #5781 000
5. RIGWE 6 MEEE, BIAMAEE (CK). /rBER
HEREAECFL BT AR AR (F2)  Z2 A i B (F3)
AR AR AEAE (F4) A e R 2K HREAE (F5),
ANRCFRE 3 ANEE . MIIESRH MhE RE, BE
A8 (15-15-15, N15%, P,0s15%, K,015%) 600
kg/hm?, 1ERFEIE. JRE (& N=46%) 1ENENE,
RS 7 d HERTFAE, IR 37.5 kg/hm?, 43 BE1E i
45 kg/lhm?, ZEFEMIEE 45 kg/hm?, $hAEMEERE 45
kg/hm?. E7K SR P ) R A 5, ROV SR 7 I 4
30~50 mm [F7K 2, 43 BEJ AW, 55 20 1 e R
HARTETRITT o oA ) SRER ) &k /K 4 4~6 d EK
1%, FFREEIK 30~50 mm, i {45 15~20 mm 7K
B, HKEMTKES 2~3 d, HEKRT TRyt
I K ) 90%H,
1.3 etRNE R E
1.3.1 KRAGAEKFRIT

IKFERIRRE . HTREE. WAVER, TYRES
4 AEKIRARTE 6 NMEB G (B, S,
ZORERA. R, BRSO D A TIE
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1 AMRIGM BT E fHbRic 5 AN A, R ET &+
T 22458 e 1y P S 1 v 5, e 0 6 T 2 o s A
T ORTFEE) EE .

2) TR e A

BRI TIRR (em®) =X7, LixDxK, (D
HTHAR TR CLAD = CELERIF AR X ND /10 000, (2)
X n s LoAZKREM K (ecm); Dl
IKFER R R TERE (em)s KOAREIE R%L, BUA 0.75;
N Jy 1 m? IRk

3) ARE AR I

TSGR IS B0 3 U%, BB+
Ly, BUK 30 cm. 98 20 cm. 3% 30 cm )8k, FHTE K
MBESE, ¥ KRB AR DL 2O B 0 T . 7R RS TH
BB EKRERRAKZR, HREmE T b, BOAER
REL. BENLIEE 10 MR, 7EA /D EKPETE FE%
He—HE, FFH/N MBS T, H/NRIIE 10 MR
MRS, FefqS H T3 AR AH

4) H b3S T I E

REAMGTE RS — W 3 M, 78RR
FEN 105 CHIBLFE T %7 30 min, SRJ5HAE 75 C
TR RIERE, LT RE N KRR 5 TR,
1.32 K%~ =

IKFE AR, FETEL 5 7HT [F] == i s LA
A REEE . AR RESTRIE, TR ER S
R 4 SR AR .
1.3.3 EBARSA A FE

FEWE 7K 53 R FH 0%



B4 S ) BORERE T AN F) A A I S ek e /KR A R A AR5

WUE=Y/s, (3
X WUE AFEBK SRR (kg/m®); Y /KA
Fei (kglhm?: s AEKE (mYhm?).
1.4 BURALIE SR
i Hdf 50 5E 2220 34FAT#E, B SPSS 22.0
X EAR AT 5 R 2R 7 22 4 B MR S A A A, TR
Microsoft Excel 2019 £ 4.

2 BERESH

2.1 ARILIERKFEFR S M EIREHHIF
AN [F) AR B KRG PR v A i T AR TS B R 3R 1
J7s o B 1AL KSR 7 BEI Rl AR 1

k1 B A3t K AGHk & Ao et & AR

WIE, SR SRR S B TR E . AR
TR B AR KRS m e 3 M 22 5, X R W R
RN AN A AR A I A A AR K FE bR S A K. LA
N3 BE S BIHR T BARGKORGE , 575 BA R4 A0 HE S 1)
gARHK, VIR G BT A, HHRIEE
FAAR o TR)RICEEE ™ it fek N A R TR AR e 2R 36
5 CK AL, 40BEH] F1 bR LAl 5 KN 2.68, %
S AR F3 AREE N LA KON 4.99, F1 AbEE
RN 481, Zmia; BUAAS AR LA 35T
CK, Mg A 1.15%~11.36%, H.7E F1 4P Fis35H
KM, ZHRE.

Table 1 Effects of different treatments on rice plant height and leaf area index
ER S Ak 73 e P ZA R Bl TEHESR B

CK 59.19+1.98a 78.462.74a 89.91+1.73a 105.1942.34a 106.32+1.06a 106.25+1.18a
F1 58.932.3% 78.5142.02a 92.25142.53a 105.66:2.85a 107.3342.63a 106.50+1.31a
o F2 58.2842.73a 77.00+1.14a 90.80-+1.63a 105.2742.37a 107.1242.93a 107.92:1.00a
Priifem F3 60.01+1.97a 76.95+1.41a 92.31:1.62a 103.48+2.12a 104.670.16a 105.3342.49a
F4 58.98+2.36a 77.41+1.30a 89.5442.98a 103.79+1.97a 104.69+1.70a 105.23+1.43a
F5 57.3140.58a 77.06+2.88a 91.28:+1.65a 104.03+1.33a 106.4642.02a 106.27+1.89%

CK 2.1240.24b 4.1940.41a 4.4510.21b 4.560.42a 4.9440.16a 4.2940.24b

F1 2.680.36a 4.52:40.36a 4.8140.33ab 4.9440.47a 5.3240.36a 4.8410.31a

R F2 2.1240.25h 4.2940.25a 4.500.08b 4.770.32a 5.030.30a 4.4040.23ab
F3 2.1940.30b 4.1340.31a 4.9940.13a 5.1440.26a 5.3840.34a 4.700.10ab

F4 2.1940.10b 4.1440.29a 4.5430.08b 4.6520.10a 4.93:40.50a 4.4040.27ab

F5 2.1740.13b 4.2040.49 4.4620.31b 4.7210.38a 4.8910.22a 4.340.18ab

E RS RVNS FREROR IR — A WA R AL B 0.05 KF LR EE, TH.

2.2 AREISLIEFKFER R ASFHERI R0

N [ b B 7K AR S AR PR 200 e P& 2 s
HilE 2 (a) FIH, IKAEAREON 7 B 2 2RI K
R, AR R AIE T RE . R EOREBE T 2> BE
U R N T AR A A KR UK AE IR B, FLARPETR
EAEFMRKERLY s T CK, HiEA
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Fig.2 Effects of different treatments on morphological characteristics of rice roots
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5 F1 WP R IR N, AEIERESR Y] F3
Ab 5 HABAL BEAR L 22 R 2 3, TR A R AL
o 5 CKAHLL, meRYIKRE Y ftert AL i) T B i

ZH, BKEAN 9.17%~24.24%, WAHKETY
JFiERIN F1 A >F3 A >F5 A3 >F4 kb3 >
F2 4b¥ >CK.,

& 2 AP KAGT 4 & 8RR

Table 2  Effects of different treatments on rice dry matter

s S BEH HATH ZREY ALY AN IY JR Y
CK 0.4820.01b 1.400.12a 3.780.12bc 4.64:0.15a 5.9330.07b 6.860.12b
F1 0.570.03a 1.6640.06a 4.2610.07a 5.020.11a 6.4140.64ah 7.3740.22a
F2 0.480.02b 1.3840.13a 3.670.100 4.7130.11a 6.040.16ah 6.950.15ah
F3 0.4820.04b 1.300.16a 4.070.12ab 4.9340.31a 6.560.15a 7.350.20ab
F4 0.470.02b 1.3340.17a 3.510.15b 4.6810.15a 6.0040.13ah 6.950.47ah
F5 0.49:0.03b 1.3840.58a 3.7620.36bc 4.7120.47a 6.3040.16ah 7.1530.18ah

2.4 T EIRCIERT K FEF 24 E = KB FI AR
SopA)

IKFEF= ] S A R = A R R, AR 3E
o 7K = B ) i TR 2 B B T 7K 43 ) 3555 FR S i)
F 3 Fn. HIFR 3 AR, [ ERIERE A [FA: & I it
Tk AEX R TR A —E s, (HERARE.
5 CK ALk, b F4. F5 AbBRECA, K510
7 1.95%.1.24%, TR &5 3G N T 2.43%.0.44%.
IKFEREECAE F1 AbFE R Ay 362.96 AH/m?, 5 HiAth A F AH
bb 7 IR B B K P KR SRR F5 AR R B

KN 111.89 i, HHABAEAILZEREE. F3 A
(1) 435 Sz % 5t 1 M 90.72%, 5 HoA AL FRAR LE 25 2 . 25
5 CK AR b HAth 5% Ab B ) 7= B3 A K, 1R N
2.05%~8.63%, i F1 4~ &K KN 9 825.20
kg/hm?, F3 4bBE k2 9 9 752.90 kg/hm?, 2 5723,
b3 ) HE I 7K 43 R 2% 5 CKOAE L3846 A TR AR
(HE e, WIE A 2.16%~8.63%, Forh F1 AbFRVEIE/K 4>
FIF% A 1.51 kgim®, F3 4bFEYR 2 9 1.50 kg/m®,
5 CK ML EREZ.

* 3 RBI A3t RAG = = MR B & R IR A A E R R

Table 3 Effects of different treatments on rice yield components and irrigation use efficiency

WE em  BHOGEMY)  SEREGR ddtRme TRk ligqhmy KR BRI
(m® hm™) (kg m~)
CK 21.0140.39a 338.8945.56b 106.4440.19b 89.0440.18b 25.1040.73a 9044.414191.41b 1.3940.03b
F1 20.7040.79a 362.9643.21a 108.11+1.95ab 89.3940.14b 25.0540.30a 9 825.20481.85a 1.5140.01a
F2 21.1040.52a 338.8945.56b 109.44+1.90ab 89.1840.51b 24.9240.33a 9 230.02+4131.58ab 6 488.92 1.4240.02ab
F3 20.6440.38a 350.00+1.11b 111.7842.34a 90.7240.24a 25.0040.25a 9 752.904269.71a 1.5040.04a
F4 21.4240.29a 342.5948.49b 107.8942.46ab 89.4240.37b 25.7140.30a 9 506.184294.01ab 1.4640.05ab
F5 21.2740.99a 337.0443.21b 111.89+44.86a 89.5340.18b 25.2140.69a 9 488.01+4736.62ab 1.4640.11ab
2.5 IKFBERKMRE~ERX M 3 i %

TR B AR AR B 7= B 22 TR A7 AE AN [R) R B A
KM, MRVE TR IR 4.
& 4 KAGERMARBE F A KT

Table 4 Correlation analysis of growth traits and yield of rice

Ei=L7N MR mhmARe s RE R TymE e
P 1

- THAR

, 0.032 1

R4

LiEd 0.291 0.516* 1

MO 0.062 0.334 0.239 1
FYFE -0.066 0.426 0.183  0.153 1
Higreg  -0.127 0.520* 0.284  0.097  0.494* 1

T OH*RRTE 0.05 K P EFEMH .

HH3 4 A5, M EARTEHCS REUR 3 IEA DG, UK
fare & 5 A KR MAEE A FIFE R R A OGP, Btk
mEEEEAREE (-0.127) 4, HAh 4 ANEFRY S
W R IEA G A R B /MK IR 9 i T FR 4R £

(0.520) >TF¥ifE (0.494) >Hi% (0.284) >Hik
(0.097), At FaEATYImRE S w2 RS K,
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FoaE RAR F] o AL AT IR KE T B A RS,
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WAL T D MR K, G2l F aa A
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TR JEXS 73 BE S (¥ - T AR PR B M 2 2, 2R ek
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IKFE R AL G B = A BEEOR Ih RE A KL iRE, A
TR A I T AR R BB v, 1T 49 B A AN 2 A e /K
SYBEANTIREH A K i kIO, sk gt e m,
SRRk AEAR B, 386 Ak AT AT AR R AT SR bR B3
PR o ARG th 2 L E) BHE T T 43 B S it ek A 55 2
SR KRR B A » A FH AT U 2 715 53
B SRR, HPTAEE i, ARTAR R
MRS AR, SeB i el
32 [EEERTARE BrTEAMEREX KIS TH R &L
FERNm

B R T KRR AR E e, (2T
YA R, AR o B SR T e A T
KRG T &, ooy B R AU KRS T4 5 &
SN BN o A EIREE I 7K R it e A ) T S A
. GSR MR, X5 TR s R
B, AR REAE it AR R TRL R R, R R
BB, 4o T TSt e GRS 434 e ek o AR AR T
R Rse i — DR . FEEARE R AR TR E R
Wik, ThBEAESLOE TR, B RE T AR R e
PEKRE AR FIRRCE . ATFFORI, 15 R &K
VEE N B R A R T B KRS e SR /K 43R
R AFIA B I B AL K R 7 B (R M R
FiANTR],  BARRBIN 43 BEW > ZRE M > T > 4516
VESRIAS WA WTRE IR R K FEAN R A K BT
FEEFICEAE, H&EFRCRILFEERA Rt
IKFEAEK . IKFE 7 BE SFERRI) T i B2 T R 52w,
ZAE B AR B S22 0 R gk, A E G
SRR, THERE A] (R K AR AE & A2 B B Bo
M FRICE I, TR E AR R, R
FEFICRNFRDTHAEFINE, Rk i
FEAE A3 = R /N o SR KRS AE KR = ek 5%
PEAHTAT AL, AR SO TR R P R IEA
5, X 5 e me PRI 9T S L R A e v T AR %
FNFA TR AR B A KRG 1 77 1) 2 2 i R 2 A .
3.3 [BIEERE Tk Ry AL AR A FA 2 K2 bte F B A

H#lT, KRt AR B R it FH B B 1 TE 4 — it
G IE AR 97 26 1, S8 M KRG 7E B e 70 BE U1 28 4 il
ST 6 kglhm? 1) “ 422 327 REAE AT /K A8
B FIRE K ZE A AR T B e &P R B, UK
5 “ Atk 67607 REALHI BN 3 kg/hm?, Al ffi &
I 9.6%. AL B B FE LI N 6 kg/hm?,
(B SR T 1A BRREE T ek TS L e P R /Rt — 5 6
Ee AIRIER ], [AEEE T 2 B REAL 6 kg/hm?
I, 5 857K FE I i 5 HEE K 40 R AR A
HRITFKRRETK. Far=. HEERMCN 1 a ik,
PRI 6] BREE T iR AR X KRR 1A KRk B M B

SO, ST AEAN R B 7K it At S R ] BT [ 24T
KIAWEIT .

4 2538
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FIHRE, 2K 2.05%~8.63%. 2.16%~8.63%.
L B Ut P L 7 R T K 40 R FH R AR B K
4 9 825.20 kg/hm? Fil 1.51 kg/m®, Z i i fik AP VR 2
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The Combined Effect of Silicon Fertilization and Intermittent

Irrigation on Rice Growth and Development
QIU Jinghua®, SUN Shuhong™?, XUE Zhu'?", PENG Jinzhou®, Y1 Ruochen®, DONG Jianshu*
(1. Department of Hydraulic Engineering, Tianjin Agricultural University, Tianjin 300384, China;

2. Tianjin Agricultural Hydraulic Engineering Center, Tianjin 300384, China)

Abstract: [Obijective] Intermittent irrigation has become an important water-saving irrigation method to conserve
water and improve rice yield in southern China. This paper presents the results of an experimental study of the
combined effect of intermittent irrigation and silicon fertilization at different stages on rice growth and yield, to find
the optimal timing for silicon fertilization. [ Method] The experiment was conducted in a field with the Jinyuan 85
variety used as the experimental plant. There were six silicon applications: no silicon fertilizer (CK), applying silicon
fertilizer at tillering stage (F1), jointing stage (F2), booting stage (F3), heading stage (F4), or blooming and filling
period (F5). Growth traits and yield of the rice in each treatment were measured. [Result] Silicon fertilizer
application combined with intermittent irrigation not only promoted rice growth and development, but also improved
its yield and water use efficiency. Compared with CK, silicon fertilization increased leaf area index, dry matter, yield
and irrigation water use efficiency of the rice by 1.15% to 11.36%, 9.17% to 24.24%, 2.05% to 8.63%, and 2.16% to
8.63%, respectively, depending on fertilization timing. The best effect was observed when the silicon fertilizer was
applied at the tillering stage. [ Conclusion] Combining intermittent irrigation with silicon fertilization can promote
rice growth and development, thereby improving yield and irrigation water use efficiency of the rice. For the
Jinyuan 85 variety studied in this paper, the optimal timing for silicon fertilization is at the tillering stage.

Key words: intermittent irrigation; rice; silicon fertilizer; growth traits; yield; irrigation water use efficiency
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