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Relationships of Potassium Deficiency Symptoms and Potassium Accumulation
in Flue-cured Tobacco Leaves with Soil Potassium Supply Capacity

LIU Zhigiang "2, CAO Yuying’, ZHAO Zhengxiong '’

(1. College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming 650201, China; 2. Dalian Academy of Agricultural
Sciences, Dalian, Liaoning 116036, China; 3. Smeal College, Pennsylvania State University, PA16802, USA4)

Abstract: [ Objective] To explore potential causes of the occurrence of potassium deficiency symptoms in the middle and
upper leaves, rather than lower leaves, of normally fertilized tobacco plants in the field during their growth, a field experiment
was carried out in this study. [ Method] The field experiment was laid out in a tobacco field of sandy loam planted with
flue-cured tobacco of variety K326, designed to have three treatments, i.e. KO (plants applied with N P at the conventional rate
and without K, 0 kg-hm ™ K,0), CF (plants applied with NPK at the conventional rate, 364 kg-hm K,O, and only those among
the plants exhibiting potassium deficiency symptoms during the middle and late stages were sorted as Treatment CF), and CK
(sharing the same plants with Treatment CF, applied with NPK at the same rate, and only those free from any potassium
deficiency symptoms during the middle and late stages were sorted as Treatment CK). Observation of the plants began after their
transplantation for growth and possible appearance of potassium deficiency symptoms in leaves. Leaves were sampled timely for
determination of dry matter and potassium content, and rhizosphere soils were for analysis of available potassium content.
[ Result] (1) The tobacco plants in Treatments CF and KO did not show any symptoms of potassium deficiency during the first 33
days after transplanting. However, when soil available potassium in the root zone was gradually depleted and dropped below
99.86 mg-kg ' in content on D42, symptoms appeared one by one on the 8th~ 15th leaves of the plants in Treatment K0; and
when soil available potassium in the root zone was lowered down below 131.1 mg-kg™' on D57, symptoms appeared one by one
on the 12th~16th leaves of the plant in Treatment CF, but not on the other leaves; (2) During the first 42 days after transplanting,
dry matter and potassium accumulation significantly increased in Treatments CK and KO, but the trend of the total weight of the
tobacco plants in Treatment KO getting lower became more and more apparent; and the two indexes kept on rising till D57, and
during this period of time, the two treatments exhibited a rising trend in dry matter accumulation, similar to that Treatment CF did,
but Treatment CF was a bit lower than Treatment CK in potassium during the first 42 days after transplantation; (3) From D42 to
D57, net potassium export was significant from the upper and middle leaves of the plants in Treatment CF and the upper leaves in
Treatment KO, while net potassium import was in the stems, and potassium in the other organs or parts was generally kept in
balance or slightly increased; and in Treatment CK, potassium stayed in balance in the upper leaves of the tobacco plants and
slightly increased in the other organs; and (4) During the growth period, potassium content increased with rising position of the
leaf but declined in overall in the plants of Treatment CK; similar patterns were observed Treatments KO and CF in the early stage,
but Treatment KO showed a “rise-decline-rise” trend after D42 and D57, while Treatment CF did a “decline-rise” trend after D57.
[ Conclusion ] All the findings indicate that the appearance of potassium deficiency symptoms in the middle leaves of the plants
in Treatment KO on D42 was attributed to (1) insufficient potassium absorption as a whole and (2) high net export of potassium in
the upper leaves in the later stage. The appearance of potassium deficiency symptoms in the middle and upper leaves rather than
lower leaves of the tobacco plants in Treatment CF was because (1) the on-going fast dry matter accumulation diluted potassium
in the plants in the later stage; (2) potassium accumulation of the whole plant declined instead of going on in the later stage and (3)
the net potassium export increased in middle and upper leaves of the plants.

Key words: Flue-cured tobacco; Symptoms of potassium deficiency in leaves; Dry matter; Potassium content; Potassium

distribution; Soil readily available potassium
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Table 1 Initial nutrient status of the topsoil (0~25 cm) of the experimental fields

AL g X TR AR AT
Ry &gl
pH  Organic matter / Total N Total P Total K Alkaline N Available P Available K
Soil type
(gkg) /(gkg') /(gkeg') /(gkg') /(mgkg') / (mgkg') /(mgkg")
F#3E Brown soil 6.20 12.6 1.12 13.13 108.2 33.45 129.7

TG 3 A3, R H R AE L IE % £ K ( CK ).
" P AC A e S 0 IR BB IR ( CF ). JE8i (KO ).
Hr CK. CF MMAbFEFE AR . e . & P4 —3K,
B Ak 5 AR Al FE 1) A0 A 2 75t B R R > LA X 43
PRic o AR B 18 BCK 3438 5] — B0 HL TS 5 0% A0 i gk
IRH, BRATIE N 60 cm x 110 cm, %E/MX 100 £
BEMLHES, 3 kE S . H A AC & BUE AL N 120
kg-hm 2, P,0s 162 kg-hm 1 K,0 364 kg-hm >, %
ARFT T (FE 10 cm ) 440 15-15-18 HIE A
B 400 kg-hm*, L #ERRES (P,05160 g-kg') 637.5
kg-hm 2 FIBEARH ( K,0 500 g-kg™') 292.8 kg-hm ™2,
AT 25 d F1 35 d S FE PR 10 con FFYACEREE 5 cm )
PR R 25 (N 460 g-kg ™' )65.2 kg-hm > FIHRERH( K,0
500 g-kg ') 145.6 kg-hm; JCHEPALBRER A HEER A1,
N. P,Os At FH X5 ) & 0t A Ach B Al 4 35542 it
i e

e 5 K R A Oy AT o
1.2 MEmMBSAZ®

AR FE 5] Sl R DR A SRS . MR P RS A e
TG, BRIINEAF S/ AR A 5
B R, B LT RE B A I E R

R S A 3JERE S A R AE NN A2 - 35843 3 A
HARBURE iy, RAE BT ARARAAHOCAE K AT BN 2 FR .
R PR FE 0 SR 4 2 B/ XA AR SR I BE 3
PR, $mM0r AR B SREUIAA L ZEFIAR, 105 C
AH 1h, 70C T EEHEFHREMBE, H
1 mol-L™" HCI 248 J i i K M6 T (FP6410, X
B, i) MES it R, AR T, 3k
PR BRATE O [R]85 ) 1 8 ORI AR R AR X
+HERES, K%, A 1 mol- L' NH,OAc R4 )5
3 3 KO T S A
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Table 2 Soil and plant sampling times

EEH H 2PN R
Growth stage Date ( mm-dd) Days after transplanting /d No. of leaf
A HR4Y] Resettling stage 06-05 33 9
HE K i) Fast growth stage 06-16 42 15
i F5 1] Bud appearing stage 07-01 57 19
1.3 HiEsE A TASIR] o H Lt AL AR PR AN Tl £ B AR A AR

R E K Excel 2010 33, SPSS 17.0 %t
Hgeit o, 45 AL BRI A0 22 5 0 2 P 1 B A 22
7% (Duncan 7% ) #4753¥7.

2 45 R
2.1 BERTRE 4 B B SRRk

ARG TR | R AT AR R 22 AT S AR AR A
B, AR A E] | KA AR | A R A [ ) A

33 d | R R BB E AR (1 1a), BT 1b));
PEBARG 42 diF, RHEH MK (Ko) £ 9 i-Ep
R (K 1d)), ZEEB#KE 57 dBEY
85% MY KH PR BT , H LSS 8~ 5 15 X R B i e
M 1~ 7 M55 16~%5 19 M8 o UL B e R
(F 1g)). HHEAE (CK) Mk ERH)G 42 d Bt
K BRATIEAR , & 49 d WM RR AR AT R
I CRIR B ik, & 1e)), HdA HUN
PRES 12~55 16 M ILERET, 55 1~55 11 mEAIS

CF f57"d

TE: CK R MUMAC BLIE# A KRR, KO SHARTESRAC A, CF Jy i MUMACAE b5 1 HH BB I  s o8 TR, JRBURE BR
Ja & I 72 . T [F] Note: CK: plants applied with NPK at the conventional rate, and free of potassium deficiency symptoms, KO0: plants

applied with NP only at the same rate, and CF: sharing the same plants with CK, but only those exhibiting potassium deficiency symptoms

during the middle and late stages; In order to facilitate photographing, the sample plants collected from the field were placed and fixed in pots.

The same below

BT AT A B AR R B AR

Fig. 1 Potassium deficiency symptoms of flue-cured tobacco leaves relative to growth stage
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17~5 19 M IER A K (B CF, K 1f)); £ 57d
B MG RE AR =S /NI A 1% . 20% 4K F
19% P HRBRA BILER 230 o B B AE FES KRR I S 0 de
HEIR SAC SIZH 2014 4R T ) g i 42 — 31
HH BLER  R BN B SE A L WSk gk i
B, PRGNSR A, KA LR SR BE &, JF
B R RE N, UL, KR R R 0 & R
K AT 2%, AN B A it A R R Y
BER 0 R RO A, (HEE LR & ERE B
22 HEERKTERNHSETH

THRR RS RS 33 d. 42 d FIl 57 d WA HS X+ g
ARSI AE R (R 3) KW, MEBINA T
MHETE, BT A 4 e S R B A T, B
WHUEALAL B (f 3 CK LA KAERRIG 57 d i H PRk
AR CF) B W3 5 TR A2 (B KO ); 3L
ARG 57 d A CF AZbH i B & 1 KO Ah B,
Hd R EMT CK. 585 33 dEFAMHLL, 57 di
CK. CF F1 KO 3 /~Ab PR X 4 38 0 5 20 3
T 22.14%. 39.19%7F1 40.78%.

®3 REXLERYHELE

Table 3 Content of readily available potassium in the root zone soil

/ (mg-kg™)
b3 B FJ5 KA Days after transplanting /d
Treatment 33 42 57
CK 218.2Aa 200.0Aa 169.9Aa
CF — - 131.1Bb
KO0 138.3Bb 99.86Bb 81.93Cc

e BT IR ERATIUA CK AR th BE sk AR, [tk CF
TEA B BLEEAR AT R 45 7] CKo P8l 3 IREE - TF-34(E,
[A—SEUER AR NG FREG IR 1%H1 5%/KF2E5 Note:
As it is impossible to predict in advance which one will show
potassium deficiency symptoms, Treatment CF and Treatment CK
shared the same plants before potassium deficiency symptoms appeared
on leaves, and separated when potassium deficiency symptoms
appeared on some of the plants; the data were means of 3 replicates,

different uppercase and lowercase letters within the same column
indicate significance in difference at 1% and 5% level, respectively

23 BHEAREETHHAETYREL
RIEE R (K 2) R, BIJ5 33 d. 42 d
F1 57 d B AS IE AL R T i R AR S 2 B B
W57 b TG, & v R a7 i Rk # e KIE 2
JET PR ES . RS 33 d B, HREAE

AR AN it B e (] — i 2 i ) T o R AR
WG 22 5% & 42 d A I AR R AR AS Tt 0 0 R 5
6~ 13 M TR RERBE, JLIHLESE
O~ 11 M3 B> 27.18%.25.95%F1 26.72%;
57 d B} 3 ANAbERAS LT R R
CK>CF>KO0, H: o X B FUAS Jiti 40 i A m- oz 1] . X
FER &% R0 il AT (E H J 30 S B S5l 0 IR AR AR 55 10~
16 A3 [] LA R ASTit 40 -5 B0 ot S L b f 38 o 8 ke
BERERAH AR SS 1~55 11 0 FES 19 i 5 T 9y 5 2%
SE.
24 BEAREEHMHRHSETN

WE 3 s, MiEFBNERE, Bi)E334dE
57 d XFERAG T R o s RN ST R R BRI
L AL A B0 R Sl R R R R R AR S
57 d P AERS R R, 2 12~5 14 nRRE
BRIC I, ¥97E 13 mg-kg ' PL b ANHEER AR LR
B E 42d 2 57 d R TG, Kbk 424
DASE 1~%5 4 mPRiR gk, ¥7E 8 mgkg™ Ui b, B
G 57 AL 12~58 15 R L, ¥97E 5 mgkg !
Lk

FaRJE 33d, TR (CK) 5ARJA (KO ) Mtk
W B R R N s T e, RR
& AR TR, Hhx B & 87 42.6~
33.5 mg-kg | Z ], RHEHHEHRTE 34.0~25.5 mg-kg !
ZAR], ELAR R] o7 o) B 359 8 2 TR A B,
BE 42 d, X RSO S R RIUON RN 2 K
WU /D, 1E 46.6~34.7 mg-kg ' Z[A] 5 At B A Rk )
BT E I T RS LT, 1~
o5 8 M5 Y, fE 21.4~25.6 mg-kg ' Z ], {H
FH 9 M RIRFFEERAL (19.2 mgkg'), ME 10 1
TR gL I, BRGNS 15 kR
(279 mg-kg™" ). BIRIG 57 d, XF MRS H-7 49 it
B ALY T AL AR, 0 A ) 2 T B
FEIRAY 2 ALFE, 7E 41.2~31.5 mg-kg ' ZIa); #H
Jiti REAEL Hh s 30 BB RE R AR LASE 2 I3 it e
o (32.0 mg-kg "), oAb {37 AR R B 2 37 Y
Tz WAL, 255 14 Akt (17.0 mgke '),
Bt OARWE FTF, T 19 A ik 26.7 mgkg™';
A SRARIE 42 d A 3, dRHIF
MRS BT, B Tk 235 megkeg R, B
TR, 5 12 HHEAL (163 mgkg!), MMiEE
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Fig. 2 Dry matter of flue-cured tobacco leaves relative to growth stage
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Fig. 3 K" concentration in flue-cured tobacco leaves relative to growth stage
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ATtE, B I8 MR, ik 243 mgkg o B
BRE DR AR FEH , A A (E e 09 H B Gl R
PRGBSt 389 8 TR AR 575 14 HEBRAM ), 55 1~
11 MR R
25 BEAREEHENHFERETH

Xof 5 A i A R R A R R o A K S T Y
HERL I WG, (RORHEH AR EAK, BB F W)
() SE K 25 0F A & 3, 22 SR N 29.78% 3 =
58.61%, i It AL AE v 07 HR S B i DR A e 5
LB IRATAR L (BDEEARSS 42 d B CK) &AL
(R 4), WIIREIAEE, BRE 0d & 424,
Xof B S AEEARR A T R B s BB AR)E 42d
& 57 d, AHEARAAR SRR 0, BRI
29.93%, HABESAIER AR A, Horh TR AR
Vi AL, AIRER 29.76%F1 132.1%; B HUE AR H
oS S R BRI AR 5 IR R AR T AR L,
AT L R BRI 2 54.04% 1
26.41%, T FEBI . AR RS ARE, H
Hh 2L R A\ SRS 221.2%; X IRARRE b SRS
N AER Ay, HADSRO A A 3, hm 2K

WUChZE . IR, AR, e B, HpERs
T EBI R ABG IR IR 182.8%F1 48.97%.

3.1 ERBERGER S T IEE IR E

ARG H AL K0 Ayt 364 kg-hm™
RS, By 2 WO, FREE s o
IR A5 3B I B 5 s e A I 38 0k 31 T ik
S, HAE E R TR AR E 49 d HEL T L

Wﬁ@f% T 5 AN it B A B 1 B B A L
UL, AT RE S AU+ S R O b T -

E%Mﬁi%%m%%%ﬁxﬁﬁ%o$Mﬁ$i
SRR R A AL T AR T A A R
A SCHRFRE ™ R ], 158 R R A A P AR 2R M
AR R AR P R = T A )k
R LA R R0 A= B LE R R R R Y
4T, A A R R, SRR R
AR, TR B R A

®4 BEHREKHETRFEHRRRRDS

Table 4 Potassium accumulation dynamics in tobacco plant during the growth season relative to organ of the plant/ (K g-plant™)

EZIEPN ¢
sl Btk bRt i AR £ Ui
Days after
Treatments Whole plant Upper leaves Middle leaves Lower leaves Stem Root
transplanting /d

33 CK 1.03+0.02cA 0.11+0.00bA 0.33£0.01cA 0.2840.00cA 0.10+0.00cA 0.20+0.01cA
42 3.12+0.07bA 0.42+0.02aA 1.14+0.02bA 0.70+0.02bA 0.36+0.01bA 0.50+0.01bA
57 4.49+0.09aA 0.424+0.01aA 1.2940.03aA 1.05+0.05aA 1.01+0.02aA 0.73+0.01aA
33 CF" 1.03+£0.02cA 0.11+0.00bA 0.33+0.01cA 0.284+0.00cA 0.10+0.00cA 0.20+0.01cA
42 v 3.12+0.07aA 0.42+0.02aA 1.14+0.02bA 0.70+0.02bA 0.36+0.01bA 0.50+0.01bA
57 3.08+0.02aB 0.19+0.01bB 0.84+0.03bB 0.71+0.02aB 0.84+0.04aB 0.50+0.01aB
33 KO 0.7240.02cB 0.07+0.01¢cB 0.23+0.01bB 0.20+0.01¢cB 0.07+0.00cB 0.15+0.01bB
42 1.51+0.05bB 0.21+0.01aB 0.52+0.02aB 0.324+0.01bB 0.21+0.01bB 0.24+0.02aB
57 1.86+0.03aC 0.15+0.01bC 0.54+0.01aC 0.4240.01aC 0.49+0.01aC 0.26+0.01aC

e 1) WBHBAER T CKo /NG F R RIR

— AL BN [G] I 1) BEIR] 25 5 22, K5 7 R [R] — I 1] A [R) b B W) 22 S 1 3, B3R

IREFIR 5% WK B R AR IR 33 ¥k 3 A, BakJE 42d kS A, BBAkJE 57d k6 A (e M 7 A ).

Note:

1) Equal to CK at this time. Different lowercase letters indicate significant differences between growth stages in the same treatment,

and different uppercase letters indicate significant differences between different treatments at the same growth stage, both at 5% level; The

upper, middle and lower leaves are all 3 leaves on D 35, 5onD 42,

and 6 on 57 (7 upper leaves ) .
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AN [F) Ab $H A B 0T ) - B AR S i, T RAE R
PEHIRE 5 B 1 2% . BRIFFEPIB I ,
- B & R 150 mg-kg ! I, BT A F) 4 g
PEER = B I TR o TR R B A 4 e R
P /NE 55 mgkg! WK, 55~110 mgkg' A
A, 110~160 mg-kg' N4, 160~230 mg-kg ™
NEER, KT 230 mgkg ' MFEE. ALY,
BoakJE 42 d + R IE T 99.86 mgkg™ (% 3),
AR RR B 5 8~5 15 n-fihi sk BB AR, %
E 57T d F OHUME AR b bR LW S R MK T
131.1 mg-kg™ (JEPEHAT) BF, MRS 12~%5 16
et AH AR BB, EBH LR AR K, R AR TR
A KW A oK B I A B SRR AR
T A B T AR R 8 R AN T AR K B B g A R 2R
Z WG S . FTLL, RN - R A,
A EIEM S E SR AEFT PSR R,

32 BEBREREHAHEE

) H RS, 2D B 1 TS &
B, OARETERE R BB R, B T |k
T LS A EL A P TR AR BRI ISR
L0 T i) 4 0 v R SR A DR AR SR R R T, S
FUEE L IR R B R L R N T
HREEA W L, HRBAES:, it ik
BER A . RS R B, ] AR B
FAF R B R R B Ak, mAR A RS
PR AT AR 2D ) k.

MR AR (B 3) iE, sEiER 5 HK
HWG . B, HILBREARIR AR R B ]
T IER KM, MEBBFRSE 42 d, AHEE R
Fr#i &k 19.17~27.87 mg-kg ™", 5 Bt ALK Bk
34.73~46.60 mg-kg '; BAkJG 57 d, AHEET TR R
16.33~24.27 mg-kg ', H MUt AL AE s 1 H PR Bl
SRR 17.00~31.80 mg-kg™", H HMEAE IF % AE
KMk M 31.53~41.23 mg-kg™'s Hk, HEEERE
AR B0 I 7 B0 s B ) — MR R S B i R
R AR, AAE A RS 26 9 Ml 19.17 mg-kg
LA WO Bt 8~ 15 MR 1633 ~
20.60 mg-kg ', A AL (E HR 0T HE B DR A
FRES 12~%55 16 M} 17.00~23.73 mg-kg'. {H Lk
Bt 5 AT K AR R 2R R R O A AN
A, TR R BN )T AR -

/NT 9 mg-kg ' BP9~ 12.5 mg kg IR RE AR,
12.6~16.0 mg-kg ' MBFTEGA, KT 16.0 mg-kg
S B ZE #5 JE . Krishnamurthy 25250 Yy, SR AE I 1)
RS RAE 6.2~7.5 mg-kg ' Z 1A A A I gy %
Y, “K326” it F 4 &l 26.75 mgekg ! RIH BLGR
BREAR, “LIfEREI0” MAAE 1591 mgkg ! A
PRERER . DL, S R i AR T BB AT A
ANEAEFH . AFE AL A &R R
33 BARMERES THRMEERER

T AR A 4 AR K R B R E AR R
PR S R A R, BT R
SRR T S0 A WA ) B AR P ) T R TR A
IR e P SO 20T RIS h, B I R
K, 3 ASALIEIEBR A S LT B — AR, 3
5%t B L A B R R 2 A EE T T A R A
AHiARR RS RS 33 d 2= 57 d 2k BE (M
10.35%3 % 27.19% ), & AALEE b5 B ) BB
SRR AL ARG 57 d TP B X RRAY 85.59%( &
2); AR R EOW AW FHERS, BAk)E 33 d Xt
S AN AR AR R A 5 PR BRER K, B
g 42d XFHCRES 9 it ORHEAFAL N A 8 it B
K, BAG 57 d MRS 10 ML RLELER(E
Je 390 BB RE AR ARAR R 5 9 1 L R BR AR ARATS
o 8 it B R, AT DL T i RS
JEHIRREIR KA 0 T B R e B e, s AR JE 42
d AHEFEESS 9 M. BAk)E 57 d WL E S
1 HE B R RS HEER AR A5 10~55 13 1,
(73] BN AF S A0 A T4 B AR R e R ) A Bl &2 ),
KRR = Zmmet T e R, o B
BB R I R E

TER ARG 33 d & 42.d, XiF BEFIUAS i B A BN Bk
MERRES TR RS, 205N
TNZS e, (EA it A0 0 B i O A0 LA 140 o 22
K, M 29.78%3 & 51.58% (1K1 3); EMAG 57d,
XF B 5 A AT A R BR SR AR AR S A0, EAN i B AR
PRAR B 22858 58.61%, IIU1 H B 14 H B it A
MRk (CF) B BUEERRERET (VRS AR)S 42 d A
CK ) ATBEA Wb o b 3A 3R WA it 30 4 L0 o A A
A RSO I, PR B DA A KK
BRRRST 42 d B BB BREEAR 5 iR R A E S
1 BB RE IR IR AL AR 5 57 d 76 T4 TR 2248
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MTEOLT , HARNE S BRI, W
S RN S 1 7 S N o 9 [

AT A FERL AR N B LA PR U e, HF
R B d i v T AT RS wr AR ds i, 1
£ )81 R N 5 G ol e 7 e X L MUV el S S RA
IR B, L2 AT U iRt 2 &
AR, AR R, BAE 42d B 574, HEL
SR RE TR B4 BRI IE R AR L R A e (g
SRR AT ) SASHER KRR LR
I ARE 42 d 2D 54.04% . 26.41%F1 29.93%,
MAEZE PR AR E, 2RI 122.1%H1 221.2%,
A BT PR AN AR SRS AT B I (3R 4), X HRAE PR Y
EBRE AL R R, AT A A R A
BB ARSG 42d 2 57d 9. EErR A K,
RBR e = fdi | R o 8 B0 B 35 253 i BR AL
FRRR LR SH R HAFCC R B Y], G ik
— R G HAR P AR F AR Ak, DA A e A &
AR, A T b AR B

4 Z5 &

JLF- A B89 AN it 2 JES 08 e AR08 3 10 i JES 4R ke
TERERS A RGBS B . B s Bl g, A
Jit S0 A A PR 50 B A A 1 BAE AR B B L o7 B
D T o ANTEAT AL KA A i B 5T Pl TR R R - P
S R AR, ORI AR AL, Ok
AEMRRRIE— P A KA K s TR P BRGNS, iz
N b el S e R DN B 2 VA [ B E R SN
AR SRR A A A R o A AE AR AR HH B
S AN 11 7S T 0 T S o8 N X S R R T
W OT W BAE 5 WA SOOI B, R A
FEWLR S T, e E AR ; Q)5 W bR
PR R AR, HA B s QbR AR
UNREH e TR M R S R N i i 8
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