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Effect of Potassium Silicate Replacing Potassium Sulfate on Yield and
Quality of Flue-cured Tobacco and Utilization of Potassium

ZHU lJingwei', ZHANG Heng', YANG Rong? LI Han!, LI Qiongxiang?, WANG Xinxiu?,
LIANG Guosheng?, LIU Yanxia!"

(1. Guizhou Academy of Tobacco Science, Guiyang 550081, China; 2. Institute of Agricultural Resources and Regional Planning, Chinese Academy of
Agricultural Science, Key Laboratory of Eco-environment and Leaf Tobacco Quality, Beijing 100081, China; 3. Shenzhen Qianhai Dadi Mineral Technology

Corporation, Shenzhen 518101, Guangdong, China)

Abstract: To determine the appropriate proportion of potassium silicate replacing potassium sulfate in the basal
fertilizer for flue-cured tobacco, a gradient replacement of potassium silicate for potassium sulfate was designed
based on the special basal fertilizer formula for flue-cured tobacco. The effects of this replacement on the
agronomic traits, economic traits, quality traits and potassium fertilizer utilization characteristics of flue-cured
tobacco were analyzed. The results showed that compared with the potassium sulfate treatment, when the
replacement ratio of potassium silicate was 25%, the total scores of sensory quality evaluation of middle and
upper leaves increased by 0.61 and 2.84 points respectively, and the potassium accumulation in leaves and
potassium fertilizer utilization rate increased by 5.5% and 6.92% respectively. When the replacement ratio was
50%, only the total score of sensory quality evaluation of upper leaves increased by 1.21 points, and the other

indicators showed no significant difference or decreased. When the replacement ratio was =75%, the maximum
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leaf area, the area of the third leaf from the top, output value, yield, chemical quality of middle leaves, sensory

quality and potassium fertilizer utilization characteristics of flue-cured tobacco were all inferior to those with a

25% replacement ratio. That is, an excessively high replacement ratio was not conducive to the yield, quality and

potassium fertilizer utilization of flue-cured tobacco. Combined with the curve fitting results, the appropriate

replacement ratio of potassium silicate for potassium sulfate was 20.5% to 34.2%, which could improve the

potassium fertilizer utilization efficiency, yield and sensory quality of flue-cured tobacco leaves.

Key words: Potassium silicate; Potassium sulfate; Flue-cured tobacco; Potassium fertilizer utilization efficiency;

Yield; Quality
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Table 1 Effect of potassium silicate replacing potassium sulfate on agronomic characteristics of flue-cured tobacco at mature period

AbH PR (cm) ZHl (cm) EER LR f KM (cm?) B =m A (em?)
Treatment Plant height Stem girth Effective leaf number Maximum leaf area Inverted three-leaf area

Tl 110.9+1.6a 7.9+0.2b 18.7+0.9a 1 038.6£132.1¢c 434.7+46.2b

T2 113.0+1.9a 9.2+0.2a 18.5+0.4a 1438.4+102.7a 579.8+12.3a

T3 100.2+1.5b 8.2+0.1b 17.3+£0.9ab 1277.5¢17.6 a 332.1430.8¢

T4 102.3+£3.3b 7.9+0.4b 18.7+2.1a 1 121.8+64.4bc 321.843.2¢

TS5 92.443.6¢ 7.9+0.3b 17.7+0.8ab 965.0+43.1¢ 286.7+22.3cd

T6 91.0+0.9¢ 7.6+0.4b 15.0+1.2b 943.3+68.4¢c 233.2+14.8d

[E] 5 B8 5 AN ) - BER R 22 57 . 35 (P<0.05) . R[]

Data followed different letters indicate significant differences at 0.05 level. The same below
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1 658.78 kg/hm?. 2.98 Jiyt/hm?*; B B ARLLAG] B
0% Z 50%, T2. T3. T4 &FRa) K=&, P{EY)
T HEAALLEIEE 50%), TS5, T6 4b¥E
BIPHE. PEEE T2, T3, T4 AR ERK, 5 TI

2 2 TR AR R AT e JHZE B PR PO S

AbERTC R ZE (R 2). DI, TEHIATIE A AT
R 07 AR R AR R B0 5 A U R 7 ) L 451
T 50%0, EELFMIRERALE, HEAL
BIEEIL 50%If, 32 EATFIER R K.

Table 2 Effect of potassium silicate replacing potassium sulfate on economic characteristics of flue-cured tobacco

il P (kghm?) PE (3 70/hm?) LA /% AR /% B (Gilke)
Treatment Yield Output value Fine tobacco rate Medium and fine tobacco rate Average price
Tl 1 658.78+148.91b 2.98+0.08¢ 32.79+£7.90a 73.40+1.46a 18.71+0.93a
T2 2 215.32+160.16a 4.47+0.53a 40.72+8.39a 78.82+1.92a 20.13+0.92a

T3 2 328.04+72.67a 4.69+0.10a 46.02+4.30a 75.27+1.37a 20.36+0.67a

T4 2326.82+106.78a 4.26+0.37a 29.61+11.23a 73.1942.00a 18.07+1.48a

TS5 1 862.28+30.02b 3.64+0.44bc 32.22+12.14a 73.66+2.89a 18.46+1.76a
T6 1753.86+136.29b 3.45+0.01c 30.77+8.49a 72.35+5.09a 18.12+1.62a

2.3 FEFRER B ACHRBR BN 8 i 3R MR B e

BEE R B AR LB, A S R B
BEEIES, EEESE. PRI R
MY NEZEWTFEAS, TS5 A1 T6 4bFE BB PR TR B2y
Gy R 77.80 M1 74.75 43, ¥R EFECT T2, T3, T4
PR 3). M BRI R E, T3, T4, TS,
T6 ACER PR MEVEAN S o0 3 2 57, (AR &
Be B AR LL 5 T, T3 ALFRALT Te AbFE; 5 T2
LEFRAAEL, SR FHRERRET 100% B ACHTER AR ) T6 AbFE
I S0 PR 8.45 23, BRIEN 9.5%. ZiA
FAbFR 3 B A T AN R 4
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39.44 43, T2 AbEREEE 2.75 47, HAIROH T4 M
TS AbBE, 7 A T2 AbEESE & 1.12 A1 0.47 43, T6
AbFRE T2 AEERPEAN S A M (GER 4). Hk, I
&R LB Tt R E R ER A U8
RECBIIE R 25%0F, BefE v R, LRy
JRE A
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o 0 A R

=i
il

e
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Table 3 Effect of potassium silicate replacing potassium sulfate on coordination of main chemical composition in tobacco leaves

NN ’ 1R VR i 5 bieR0n A .
EI;B;;% Trj&iinﬂent Noﬁfne Tof\al th?c?ig K/% Rat?f?)&fzigar Ii?ifktl)zf K/Cl ;ifrj;
/% N /% sugar /% to nicotine N to nicotine
W TI 3.010.11a  245:0.08ab  13.5120.54d  138+0.04c  434%0.16c  0.7940.02c  23.00£0.92bc  76.44+3.10b
Middle 1 244£008b  224:008c  19.99:0.80a  1.52+0.05b  8.19+0.32a  092+0.02a  25.33£1.02b  97.51%3.96a
T3 2540090 2.1840.07c  17.1240.68b  1.66£0.05a  6.66£0.26b  0.85:0.02b  55.33+224a  93.49:3.80a
T4 25760096 23240.08bc  15.07:0.60c  1.7140.05a  5.86£0.22c  0.90£0.02a  21.38:0.86c  89.96+3.66a
5 3.05:0.11a  2312008bc  15.57+0.62c  1.75:0.06a  4.940.19d  0.74£0.01d  13.46£0.53d  77.80+3.16b
T6 32040122 2.53:0.09a  13.158052d  1.7740.06a  4.08+0.15¢  0.79£0.02c  2529+1.01b  74.75+3.04b
b 1 3.010£0.11b 2312008  17.80:0.71b  127+0.06d  5.74£022b  0.75:0.01b  59.00£2.39a  84.51+3.43ab
Top ™ 3.03£0.13b  228:0.08bc  20.03:0.80a  1.61+0.05b  6.61:025a  0.75:0.01b  40.25:1.63c  88.78+3.61a
T3 3.01£0.10b  2.1120.07c  19.09+0.76ab  1.46:0.04c 6340242  070:0.0lc  20.86£0.84c  87.52+3.56ab
T4 3.00£0.11b  225:0.08bc  20.15:0.81a  1.7740.06a 6480252  0.7240.0lbc  44.25:1.79b  86.90+3.53ab
5 3.01£0.12b  2.52:0.09a  17.35:0.69b  1.630.05b  5.58:021b  0.81:0.02a  32.60+1.31d  83.41+3.39ab
6 3.38£0.12a  233£0.08b  18.48:0.74ab  1.63:0.05b  5.47£021b  0.69:0.0lc  18.11£0.72¢  80.33+3.26b
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Table 4 Effect of potassium silicate replacing potassium sulfate on sensory evaluation (score) of suction of tobacco leaves

A bR TR AR HZ Ik F B oy
Part Treatment Aroma quality Aroma amount Taste Miscellaneous smell Excitability Total
g Tl 7.30+0.00d 7.33+0.09d 7.26+0.23d 6.33+0.07d 7.42+0.19a 35.64+0.24d
Middie T2 7.64+0.07b 7.66+0.17ab 8.13+0.15a 7.17+0.15ab 7.47+0.00a 38.07+0.42b
T3 7.80+0.20a 7.81+£0.20a 8.24+0.18a 7.31+0.17a 7.47+0.00a 38.64+0.64a
T4 7.614+0.09b 7.73£0.21a 7.88+0.20b 7.01+0.27b 7.38+0.10a 37.63+0.64b
T5 7.50+£0.00c 7.53+0.07bc 7.58+0.10¢c 6.80+£0.20c 7.41£0.09a 36.83£0.41c
T6 7.30+0.00d 7.41£0.09¢cd 7.36+0.09d 6.47+0.14d 7.24+0.18b 35.79+0.31d
kB T1 7.70+0.00b 7.88+0.20b 7.78+0.14b 6.78+0.14bc 7.33+0.07abc 37.49+0.28bc
Top T2 7.61+0.10cd 7.80+0.18bc 7.50+0.16d 6.56+0.09d 7.21+0.11¢ 36.69+0.40d
T3 8.00+0.00a 8.17+0.14a 8.47£0.07a 7.36+0.07a 7.44+0.09a 39.44+0.17a
T4 7.71+0.15b 7.96+0.21b 7.81+0.34b 6.91+0.23b 7.41+0.09ab 37.81+0.84b
TS 7.56+0.09de 7.64+0.07¢ 7.71£0.15¢ 6.96+0.11b 7.28+0.15bc 37.16+0.38¢
T6 7.50+0.00e 7.67+0.07¢ 7.53+0.07cd 6.67+0.07cd 7.24+0.18¢ 36.62+0.25d
180 b 327 %% 2 N E i .
% ol oo WOk I SRR, VAL AORERRET B % Lo
< 25 St
2 150} : b 0 I Leaf AT T 928 R 5o L P PR AR
< =F N
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kR E I 1 R . . N N «
Lo PEIR BRIEA A I bR e 7 R Ry
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Pl 1 TR B AR R BT o MR 0 2k SRR 3 e s
Fig. 1 Effect of potassium silicate replacing potassium sulfate on potassium

accumulation and distribution in flue-cured tobacco
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Table 5 Effect of potassium silicate replacing potassium sulfate on utilization of potassium in flue-cured tobacco

bt FEMAE T AIER AR G I EES Ak 2R FILAET T SRR R G I EES
Treatment PPFP (kg/kg) PAE (kg/kg) PUE /% Treatment PPFP (kg/kg) PAE (kg/kg) PUE /%

Tl - - - T4 7.95£0.37 a 2.2840.16 a 14.90+£1.25 b

T2 7.57£0.55 a 1.90+£0.13 a 14.46+1.21 b T5 6.37£0.10 b 0.70+0.41 b 10.23£2.95 ¢

T3 7.96+0.25 a 2.29+0.29 a 21.38+0.98 a T6 6.00+£0.47 b 0.3240.17 b 5.49+1.52d
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Table 6 Appropriate proportion of potassium silicate for potassium sulfate recommendation

— g ek — ek A T FES 2L Parameter of fitting equation (y=y,+ax+bx?) 35 Point
Level 1 indicator Level 2 indicator Yo a b 2 of inflexion
LR HOR M IR 14493 -8.380 4 0.0317 0.88 69.8
15 = et i TR 550.4 ~7.109 4 0.0415 0.87 88.9
LR gy 2245.6 47950 -0.103 5 0.71 24.0
e 4.6 —0.008 0 —0.000 1 0.58 4.0
PR L IR AL S R R PPN T 93.3 —0.089 0 —0.000 8 0.72 -55.6
N G e A= e e RS S L 57.9 0.0342 —0.000 5 0.64 342
AR AR SR 2.0 0.016 4 —0.000 4 0.78 20.5
AL 2 16.0 0.1293 -0.002 5 0.76 259

TIEIREE N T 150 mg/kg W& S8UEMAKEE
S R, SABRERIRE I T2 B
b, FERREN ALY 25% 0 T3 AbFRAE A 20 %
A KM AT AT W3 2 5, TRRUSE 2k
R RPN AEZERILE T, P, ZEM
T KT TR A e I Ak FER . S i vy, T A 2
s A R . (HER LB 100%0H Te AbHEfk
SR & A AR AT T2 Ab 3, b 87 - H5R
KT AR B IR 23 i 18.9% 34.4%. 2825 H
FERREH 100% & B IR 4 )5 th15 21 5 A 7L AH A
5, Bk 60 d WA 8. 2R SR
BT AR B TR (L K0 i1)
FTRIUN 18%, ARRHARBRAT =52 —, Fit
TEAHE R RIENGFAE T, SR AR R E EACH R P
REARL R0 W B AAR,  FLBE A R R B AR R A 1 L
BlHRE . IERRA FE Y B bk o, A T X e 0 g
25 TR PR, HORE R RERRE0AE 77 o B G FE R
RAIKMERBL, 5T 2 38 56 4 52 3R KU,
XEVIRR R B R e, AT s AR K R
HB, Rk, FAE AR A AR R B AR R A AN
E TR .
3.2 R BARBRAX B HL G R
TEAHFBRAEAE =T, BARESSPER A
FEE () 7 sORE KA BB A B, S R A M
PE1r 7.83%, AFUNF 8 0 R AR P AL ) 5 ) A I B ¥
HERIKOF; #4240 H AN R A A
RS, FE IR DS P P R R M
KPR 8.46% 26.43%- 37.33%, B I KA AL AR
RRREALIRE MG ™ o AR FTH, R B AT IR P 1
EEB o 25%~50% M), 5 A AR HL ) A GEE
RIBVRA LT3 2 5%, TTRE-S R R IR BT RO
R EIERZE X, BT RRH 3% pH EA 6.5,

AR TRERR AR R, SRR BOL . &
LIRS 50% M AL FRIE MR~ (E . P EIR T A
ARACEE, 17 T el S kb R AT T A A RE R 4 A
EHREI N 75%, EER BT EE KA E pH
EEAR AR 38, AR T R R A h 4 AR R
e HHULUERA, HERRER B AR IR B SR A A T
0, IS SR AR B A T B RS B RA S, 3 pH {2
ify 7 R R BT B AR A3 B LL Bl s IR R 2 —
UbAh, T AHE TS 0 f A 3 R S
281.3 mg/kg, T2 MEAE K 33 A0 IO TN A v BE S 1
ST PR S5 0 45 40, AL AS )T 00 MR = R P L 17 4
P20, DRI 75 it A A K AR 5 0 45 A PR S T A
9k, SECORMAAEK T1 AAFEAE FEEE, b
SRR DA S IR T T T2 AbFE AN
3.3 TR B AUERER P X 4B B L B AR B e

AT AR RERR AN ARIEAE 40%~60% BT i,
AL I A R R AR 43 A R 0.34%017)
F10.70%1%) ABFFA, MEERRAEAREEA 50%5
FRARIE, Ay b A A R Rt A 43 ) A
0.19%- 0.1%, S5 HTABFFE 45 FIEA— . x| 450
R FHRERR B0 B AR A S R R 10 725 BRI R B,
LRI B A U AE T PR 1.58%. TEAR
WEFH, ZARTRA b A A A AT
Bt 0.16%, Al A ANRLE 77 A [H v] B
T A RATAEZE B R . HHOb TR, RERR
B 5 AR R D 348 ‘. L AP IR I 5 B8 7 X 3 g
AR RN, A SO IR 3 A 2 R T
WPEPE U VPR S &, X RERRER B AR R
BRI G AT VRN R, BE S RERRAT B A L ]
Fgmr, o BRI A 2 B U VPN 1 5 R
VRIS, R R BT 4 IS T i AR AR
fhfadhs, LEACHA N 25%I, b B B
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34 %

IS F A B B ORME, U B IS B A RE R
PIE AR IR AR BR S TR FHIE MR L b P (R
s B R E B ETE N S A RN, B
FRECBIRNIE 34.2%0 B TR . a5
(R FH T3 RO PR AR v, AN LR
WA SRS BN 57.5 mgke, HidEE. REE
Fries LbAh, FaHE Y A Rt AT e 00 K F AR o 3
FNE N 17.3 mg/kg, RN A X B o0 25 1 3%
B, HMNERE R EIEN AR WZRBE SRR
B AR AR R LU AR AR, R R A X K
I T 1) 3 R AR B — I PR AR o RN RS
1, 27 RERW BRI THooR 5HAn
TR 9% R e s N T RE. 850 E AT ek i
TR L TR DA
3.4 R B ABRBRET X 48 M 2 AT R AR A By s ma

FHERT . RRRT . R TR R SR I
BRI, —REAERE AR 50 d 76 A TG 2k 2]
re g, R I MR B 2R TR R FH PR DG BT SR 0L, AN
T DL PR A P A AR, R R B AR TSR
M T B ER IR, b 17 5 v R K 2 ) SR
BT A 5 0 F ISR R Sy i g, 0] 5 11 [
SEAEF BT PR AR USSR S A I, SR
SO B I [ R R, B AR S R
SRR BERARA . UE BB AR R R0 IR R
PIFHR . AW R SR AR 5, e
FIFHZAUN 5.49%; B ELHI N 25%00F, FIH %
KB B RAE, N 21.38%, 55 7=Pa b S5 IR 7t 45 Rk
A—F.

gE b, O A A R R A B AR R A 1) b g et
AR Z MR SRy BT MER R R K
YTERAR B AC L 25%I, A MetR AN A - 3 B
1 B T AP VR A B AN B AR Y T B
Z5, WL R R T PN A o R
0.57+ 2.75 735 AEARLLEIN 50.0%8), fefiE b
R E VPR T s BRI =75.0% ), X)) A
(A SRR SRR IR LR A AR FH 4
PV S e AR o 2890 A 45 SR R I RE R A &
AR BT 143E B LL B 20.5%~34.2%
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