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Effect of Partial Substitution of Potassium Sulfate with Citrate Soluble Potassium Fertilizer

on Growth and Potassium Increase of Tobacco in Fuxian Lake Basin

LU Xinyuan'?, XU Yongxian®", CHEN Xiaogin', LI Dongxue'?, WANG Yiliu'?, CHEN Zhiging’, QIAN Pin’*, WANG Huoyan'?,
LU Dianjun', ZHOU Jianmin'?

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 2 College of Advanced Agricultural Sciences,
University of Chinese Academy of Sciences, Beijing 100190, China; 3 Chengjiang Branch, Yuxi Company of Yunnan Province
Tobacco Company, Chengjiang, Yunnan 652500, China)

Abstract: This study aims to explore the effect of partially substitution potassium sulfate with citrate soluble potassium fertilizer
(citrate-K) and one-time root zone application on the growth and potassium increase of tobacco. The local conventional fertilizers
were applied by surface spreading as the control, 1/4 and 1/2 of total potassium substituted with citrate-K were set in the
experiment. The types of fertilizers include local conventional fertilizer and high potassium special fertilizer for tobacco (both
supply potassium in the form of potassium sulfate). The results showed that partial substitution of potassium sulfate with citrate-K
significantly increased the proportion of high grade tobacco leaves. When 1/2 of potassium substituted, the application of high
potassium special fertilizer significantly increased the yield, value, and proportion of high grade tobacco leaves by 11.9%, 9.9%
and 5.6%, respectively, and decreased the proportion of low grade tobacco leaves by 77.7%, compared with those of conventional
fertilizer. The one-time root-zone application of high potassium special fertilizer with 1/2 of potassium substituted by citrate-K
also had a certain improvement effect on the agronomic traits of tobacco at different growth stages, which was much better than
other treatments by the comparison the comprehensive effect through principal component analysis. This study indicates that

one-time root-zone application of high potassium special fertilizer with 1/2 of potassium substituted by citrate-K could be
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recommended for light and simplified fertilization for higher yield and quality of tobacco leaves.

Key words: Tobacco; Citrate soluble potassium fertilizer; One-time root zone fertilization; Potassium content

PR A KA R R E IR TR, s B h T
IR i B E B AR B RS S AR AR A 2 ol
B A ok i3 AL 73S S N TS/ /Ui S TRE )
AR AR | (B | BRI i A I A SR
HATEZAE RN, IR 5 i I — O ] 29 3R ]
Rt BT R R SR e
SR EHFA T O T T R R
Tit FE A B R A58 KA P AE , EL K I0 it I AR R 0 2 5 3
bR R A LR A, BRI S EOE bR R
PN LI N A T s (N T B N )
SR ER A —RE R, R RIS Fr) it FH 5 24T
DISEZE G Zyaanty £ ik, SRR
TR IR B A1) B0 A A — MR B A SRR, X TR 138
TR R AR RS 0 A 7 AR BAT B A R 2 4 S A
PRI

HPAPERIAE(RIAR MO )2 —FRBr AL, A
Sy T KB G TAPRIR A S5TR , W KBS A4S
VEMIFR I A PSSR I A PR AL S A o
AT LA A K S R B TR, A A
THA P KA A R - A
AR, (AR EIRBERI A R IX
— YR I 2 — s A ) 4 AR 0 P R — O v 2
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BRI TR X, 84 M P AL AN [5] BE Bl 23
BACBRIR I 25 B R IX — Vi AL 7 30, AT AR S
PRWBITE, DERRE R . BRERELE A,
Oy FHE T 4 AR o P 2 €5 £ R K R R G BB AR
Pa S EAR S

1 #MRERE

1.1 ARXER

RN T = BRI, 1wk
ARG B R, ARFESER 11.9~17.5 C,
AR H FEEECH 2 172.3 h, AER%7K 54 900 ~ 1 200 mm,
R T 1327 ~ 2920 m. I T R IRE LT
F A (102°91'63"E, 24°64'62"N), + e h /KA

+, WITFAHET 0 ~ 20 cm HHZ HIEAYEEMETR - pH
6.74, HHLI 17.8 gkg, A 152.1 mgkg, AR
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1.2 kst

BRI R A F R K326, AR 45 H B0 A1
HAENE (A % N-P,0s-K,0: 12-6-24; B %l N-
P,05-K,0: 28-0-5), WiMRHP(K,0=52%), HI Hh
FHELN FIHEAE s A LS 0 & FIIE(N-P,O5-K,0: 9—
9-32, fajbR “LHIE” ), b ERFA B R T
FERTEIT . W) &R Ie A BRA Rl A= . iR E AR
I FRE T A ER A2k A SRR B . My PR AE (% KO
20%, CaO 7%, MgO 4%, fRiFx “HiEn” ),
HTE K HL PR A FRA ml L
1.3 Rt

RIGEE 5 AP, &3 KEE, RATEERENL
XAHHES ., ANXEEAK 1152 m?, F7#E 120 cm,
FRIE A 55 cm, FMAESEEEN 12 811 BR/hm®. iKK4b
PRALHE . O AL /-t FH (R, CSB), 43 4
YA, Hrh R (1 Fi=667Tm)HLE S AN A 20 kg, 12
HIEE A B 3 ke, HMEMREEEE A A 10 kg,
TIRER 15 kg, PIMUHIEE G IE A 10 kg BRERE 15 kg
(K,0); Q& HAL—Witf, o fisny 1/4 Lk
PR (1/4CCP); OF ML —YitiF , Horp BB B
12 I EEA(1/2CCP); @& HIIE—UH], Horh
SRR 14 LIMIEREC(1/4SCP); BF FIE— it
A, Hh SRR 12 DI ER(1/2SCP). 45 4b 2
FeorE—3, BN YA R, BN 84.6 kg/hm?,
P,0;5 36 kg/hm?, K,0 372 kg/hm?, — Y Jiti It b v 4
T R R R S — VR Bt AR X, S5 AN T
J AR T AERL, AR A S it 4 5 2 — 3%
14 HmRERNE

AT 40 d(HTEINFI 65 AR, 7EEES/)
XBERRAACFRMENY 10 MRIAFR, WAk . Z5[. m
R R mEE L RS MR AR IR
RTINS T B RO SR, SRICEERE , gt
WP, FRHCE/INK SRR 1 kg, a4 [P1SE 56 % HE 1 T3
EAEAR I E . FrECP AR At 2 mm B, &
H,SO,~H,0, 4™, jlid Smart Chem 4 [ 2ly[H] it
P2 53 TSI 2 5% 4 B 8
1.5 HELESSH

BT AT 56 B E 4% ] Excel 2021 Al SPSS 23.0 iF
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el 172 1F, 5 12CCP 4bHAILL, 1/2SCP AbFEzE
Bl Rl R TR G301 S 2 15 0 15.1% 1 26.0% TTTAf)
PR LEBIR 1/4 B, ASTRIAEARMEEL ) A MR TE
FESF . 5 CSB ALBIMLEL, 1/2SCP ACFE & 1N T
JERRIRR = . BRI SE AR R AR, {H 1/4SCP A4k
PSR AR LA A 5 R IE — 1 it H AR B (1/2CCP

1/4CCP), BRzsMlsh, HAbSARZMARIS CSB b3
TCRE XS AFENEIEASBRHERR A 2R AR 1
oAt n 65 d 5RAR)E 40 d FA—8 BAME, 524
HuE AN 4 Ui AR G, R R B L i)y
12 &R, MRS AR 2R B E A

F1 MESSBERBERFTERTREKNAKRZ IR0
Table 1 Effects of partial substitution of potassium sulfate with citrate soluble potassium fertilizer on agronomic traits of tobacco at
different growth stages

A K Qb3 PR 155 (cm) 25l (cm) HRM A BRMKCem) HAMHSE(Cem) &AM HE (cm?)

BaJE 40 d CSB 63.0+1.9b 97+04a 13a 542+29a 21.1+24b 725.0 £ 88.4b
1/4CCP 63.2+1.6b 84+09b 14a 513+3.0a 22.0£3.0 ab 715.9+752b
1/2CCP 65.2+ 1.3 ab 8.6+0.4b 13a 51.9+33a 22.1£2.9ab 730.8+ 1279 b
1/4SCP 65.0 + 0.6 ab 9.1+0.6 ab 15a 51.6+3.7a 22.7+3.6ab 7427+ 1582 b
1/2SCP 684+13a 99+08a 15a 55.6+3.4a 26.1+24a 921.1+89.4a

a5 65d CSB 112.6 + 4.9 ab 114+04a 20a 78.4+7.9 ab 282+4.1b 1419.1 +341.4b
1/4CCP 117.6+1.5a 10.7+05a 19a 80.2+59ab  30.8+3.3ab 1576.5 + 286.5 ab
1/2CCP 116.0 + 2.5 ab 108+0.7a 20a 80.6+£4.7ab  31.4=3.5ab 1613.8 £275.2 ab
1/4SCP 1152+ 2.7 ab 10.7+0.8a 20a 79.8 £ 4.6 ab 286+22b 1452.8 £ 186.9 b
1/2SCP 115.0 5.2 ab 11.5+09a 20a 854+44a 340+33a 1837.6 + 1404 a

P AEUO + BRI, ISR RLNG T 048 SR G I AR B 22 57 .3 (P<0.05). Il

2.2 S BRI EE~ERETER

EE 51 B9 3 i)

PR 3 AR B TR B X R I P | AL A5
M- 2FE G B —E (R 2). 1ELJHIE— Wi
FHAL L, 1/2SCP AbHEEL 1/4SCP Ak B =i i % 4
I 5.9%. HHAEALEE b, A TR] R B R AR H BB
iLOE L M SEGAETC W R MR AR E )
g 1/2 BF, 1/2SCP ZbFR#E 1/2CCP AbBRP= 8 | 7= |
L AE AR LA R I, 430 11.9% . 9.9%
M 5.6%, [RIEF, S50 A H A 2 BRI 77.7%.

X HR CSB Ab B i SR I S 5 IS 1/2SCP Ak
LISy T N (€ W e S (o 1 T A
11.9%, T 5 S8 K8 i b ) A 0l 2 4R e T
36.1% F1 90.9% . {HH HLAE 4> 4 YKt (CSB 4b#),
Hom i E W S TR LR 12
B — Yt FH (1/2CCP AR BE) . AISEAR L anday, Hy
S 43 R AL TR 4 11 BEIE b BEL(1/2CCP ., 1/4CCP)
5 CSB AL, L AEMR ) b ) G i, Y
JRIE 6.9% ~ 7.4%, T SEMR M0 Ho ) 5 35 AR T
59.1% ~ 81.8%.

F2 MEERSERTWEBRENEM 22 RFR LGN ME

Table 2  Effects of partial substitution of potassium sulfate with citrate soluble potassium fertilizer on total yields values and grade ratios of

tobacco leaves

Jb 74 (kg/hm?) P {E (J7 I6/hm?) A LB (%) FREEIRT LB (%) AR L 51 (%)

CSB 3179.3 ab 10.8 ab 69.9 ¢ 279a 22a
1/4CCP 2964.6 ¢d 10.3 be 747b 24.9 ab 0.4c
1/2CCP 2920.5d 10.1 ¢ 75.1b 24.0 be 09b
1/4SCP 3087.5 bc 10.5 abc 78.2 ab 21.5be 03d
1/2SCP 3269.2a 11.1a 793 a 205¢ 024d
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23 ML BRBEEANPHETFLSSEM
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FIEPFR B AR BB X AR 0. B, B 45 BE
T MO R AN 3% 3 Ak 4 iR, 3R 3
ATLUE Y, AR TR AR H ] ) & IR — U, h
SRR T TR R AL B R AR AL B R A
BT AR RS 5 CSB AbFRAR L, TR B

AR b A SR L B angar, A M BP0 A5 A 3L
H R I A A R Y I 2.08% ~ 2.67%, Y5 2.0%.
oA LB 12 A 1/4 & IR — Wit F
(1/2SCP. 1/4SCP 4b3f), hifint#f & &AL CSB 4b
PR HIIEAN 43.5% FI 41.9%. FEorMcit 4 SR
T AL R, MBRR AR Ly 172 & A —
YKt FHISE, rERnt p4R | A5 | BRI B T A

BRE I TC WA, (S B A, A SAEHER 4).
3 MMM BENREREN PEIEN RSS2 BUUARE S E

Table 3 Effects of partial substitution of potassium sulfate with citrate soluble potassium fertilizer on nutrient contents of tobacco middle leaves

4k 7 A (%) (%) 5 1 (%) #5554 (%) B (%)
CSB 0.83£0.252 1.86+0.55b 0.18£0.01 a 1.84+0.44 b 0.63 +0.06 b
1/4CCP 0.86+0.10a 2.08+0.14b 0.17£0.01 a 2.55+0.32a 0.77 0.16 ab
1/2CCP 1.00+0.15a 2.12+0.14b 0.18£0.04 a 2.82+0.102 0.91+0.10a
1/4SCP 0.84+0.07 a 2.64+0.61a 0.19+0.04 a 2.32+0.10 ab 0.79 +0.10 ab
1/2SCP 1.11+0.10a 2.67+0.19a 0.20 +0.04 a 2.78+0.44 a 0.87+0.16 2

R4 WA BERTELE S T EREM 7 2 WU E RIFZ I

Table 4 Effects of partial substitution of potassium sulfate with citrate soluble potassium fertilizer on nutrient uptakes of tobacco middle leaves

b WA (g/0k) W 4 3 (g/ k) W 5 2 (/) A A2 (g/BR) W B (/i)
CSB 093+031a 231+098b 0.21+0.06a 2.15+0.54 ¢ 0.77+0.17b
1/4CCP 1.01+£0.14 a 227+0.86b 0.22+0.03 a 2.99 +0.45 be 0.95+0.53b
1/2CCP 1.14+0.58 a 232+021b 0.23+0.08a 3.19+0.73 b 0.87+0.12b
1/4SCP 1.02+0.17 a 2.89£0.29 ab 0.21+0.04 a 2.60 £ 0.34 be 0.96+0.18b
1/2SCP 1.24+0.19 a 360+0.71a 0.27+0.05a 47+0.73 a 144+029a

24 MESBABRBEEEREKRFSRE LT SR T 0 RS, I
AT T e i (3 6). HERAEN], AT, 12SCP AL AHES
H TN K TR R i 8 1, SRR TR AL, PR
BHBITH, RIERTE, AT | IR B R 12 LU B R IEE TR X
TR, 55 T HE4 BERTED 3 EIRAMAT(FL ~F3), WG, REREIRAE K B AR 25 2 A A
Rt RS TR 5). BIITSAL SR
R5 EMSETFHEER x6 BABENSEATFEREHIRHER

Table 5 Principal component factors loading matrix Table 6 Comprehensive scores and ranking of principal component

- fact
FRA Fl F2 F3 actor
s 040 083 0.12 Ak F1 F2 F3  FLAHY  G6HH
ZEH 0.14 0.94 0.31 CSB 7742 1576.1  60.6 905.2 4
NN S 0.95 0.26 0.20 1/4CCP 8075 14793  143.1 909.9 3
NN . . )
jij(bﬁ 087 0.03 049 12CCP 8152 1461.1 162.0 912.1 2
i/ NI A 0.90 0.12 0.43
o 027 ™ 018 1/4SCP  782.6 1531.6  80.0 901.0 5
- B L £ 0.91 017 039 1/2SCP 9195 1643.3 1883 1028.1 1
AR R E A5 -0.90 0.09 0.40
TAERN A 0.82 —-0.43 -0.30 TR
o 3 iFig
Loy 0.81 0.08 —0.57
gfﬁ 081 048 031 M B2 — g U R B, 380 36 K
G 0.59 —-0.67 0.12 9 . \ .
%'q'j 083 o4 028 LIRS, — A A 5 B SRR
H . B —0.
st 004 o6 00 WFFEARMT, 5 SRR AR L, M4 B (R B0
W 0.93 0.33 0.02 A BEHARR T R A s e R T (R R K
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