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Effects of potassium sources and rates on crop yields and microbial community

structure in a four-year experiment in purple soil
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Abstract; Community structures and edaphon quantities play important roles in soil quality changes and nutrition cycling.
Different fertilization patterns strongly affect community structure and edaphon quantity, as well as plant and cultivated land
quality. However, there is little information about the soil microbial community and functional diversity that is affected by
different potassium fertilizer sources on purple soil. To understand the effects of potassium sources and rates on crop yield
and microbial community structure in the Chongqing region, a four-year ( 12 seasons) experiment was conducted on a
purple vegetable soil with a rotation of lettuce-cabbage-sweet corn. There were seven treatments consisting of a control ( CK,

no potassium fertilizer ) , low dose of chemical potassium fertilizer (K, ), medium dose of chemical potassium fertilizer
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(K,), high dose of chemical potassium fertilizer (K, ), low dose of straw (M,), medium dose of straw (M,), and K, +
M,. Crop yields, soil microbial properties including contents and composition of microbial phospholipid fatty acids
(PLFA), the microbial community, and the ratios of microorganisms were investigated. Results showed that application of
two types of K fertilizer sources increased the yield of lettuce, cabbage, and sweet corn when applied at 300 kg + N hm™
and 150 kg + P,O0,hm™. The treatments of K,, M,, and K,+M, effectively promoted cabbage yield by 28.05%—30.27%.
The treatments of M, and K, +M, effectively increased lettuce yield by 13.89% and 13.81%, respectively, whereas the K, +
M, treatment effectively enhanced sweet corn yield by 15.10%. These results elucidated that the K, +M, treatment appeared
to be an effective combination for production of these three crops. The PLFA analysis of soil microbes showed that different
potassium sources affected the soil microbial community structure and abundance. The K, + M, treatment improved the
content of bacteria, fungi, and gram-positive bacteria, and thus significantly increased the total PLFA content and mitigate
environmental stress imposed on microbial survival. It further illustrated that the application of corn straw with a small
amount of chemical potassium fertilizer (K,+M,) could create a favorable environment for the growth and reproduction of
soil microbes. Correlation between the average yield of three crops (lettuce, cabbage, sweet corn) and the content of soil
microbes ( bacteria, fungi, gram-positive bacteria, and gram-negative bacteria) was significant ( P <0.05), whereas
different K sources and rates affected soil microbial characteristics. Thus, K fertilizer might increase crop yield by regulating

soil microbial characteristics.

Key Words: model of potassium fertilization; purple soil; crop yields; microbial community structure; phospholipid fatty
acid (PLFA)
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3, /DX 27 m*, BEANMEEE N P, ORI AKSEAHT, 43508 300,150 kg/hm? , i ZAEAE 3B AL 43 3—4
WHEA , AR AR AN — R MR . FORFEFF ML 0, KIE LR 5—8 em, H-TFHENOHGE AT 1—3 d HH
JE BVt 1, SR 5 98- SR -E EOR VR D o, IGE SR 12 22 (FE) B 3% (HI B8 54 | LSRN TRk 45 Fh A 4
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+HEA Y PLFA F#ABIERY Bligh-Dyer 321" $2HUS | i Agilent 6850 A BN (FID K% ) S04 i i
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MEbRC TR A 12.0,13.0,14:0,i14.0,15:0,i15:0,a15:0,16:0,i16:0,16:120H,16: lw5c,il7:0,
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M, ) 77 o 0 2 R TR B K AL B ANASFF M AR R 5 A4 K A SRR FF M, A 38URH Y | 12 Ak 30T 88 5 58 54 |
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SEIRIIE 7 R e — B (B 7% 28.05%—30.27% ) , M, Fll K, +M, &b B XF 55 45 il 498 7 3 SR — 2 (197 13.89% Fil
13.81%) Him T K AL3H K, +M, 2L K B34 77 28R e i (37 15.10% ) , R WAFS AR i H it Ak 2781 (K,
+M ) AR 3 FRVEY A i B AR (4 R T 5
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Table 1 The annual mean yield of crops and fertilizer efficiency in different potassium treatments

B4 Lettuce 3 Cabbage it K Sweet corn
s Ty b Pl oy i Rl Ty b e
Treatment Average yield Fertilizer efficiency Average yield Fertilizer efficiency Average yield Fertilizer efficiency
/(kg/hm?) /(kg/kg) /(kg/hm*) /(kg/kg) /(kg/hm*) /(kg/kg)
CK 35674d - 30756d - 15233¢ -
K; 38355¢ 35.7 37896¢ 95.2 16361b 15.0
K, 39436h 25.1 39385h 57.5 16798ab 10.4
K, 40162ab 19.9 39681ab 39.7 17304a 9.2
M, 38826hc 42.0 38412c¢ 102.1 16696b 19.5
M, 40628a 33.0 39698ab 59.6 16804ab 10.5
K, +M, 40601a 32.8 40065a 62.1 17533a 15.3

[FIBIAS [l /NG 7k 3 /R 4D 8] 25 57 1 3 ( P<0.05)

CK: %H8 Control; K, ;i [l 75kg/hm> fL2EHP AL AL low doses of chemical potassium fertilizer; K, : ifi F 150 kg/hm? {2240 AEAR T, medium
dose of chemical potassium fertilizer; K : i 225kg/hm* k=40 AELLFH | high dose of chemical potassium fertilizer; M, ; jii il 75kg/hm? F FF 40 HE 4b
L, low dose of straw; M, : ¥/ 150 kg/hm? F5FTF#IAC AL FE , medium dose of straw; K, +M, ; 75 kg fh2#8 A0+ 75 kg FEATAIBCHGEAL BE, low dose of

straw with chemical potassium fertilizer

2.2 A[FEAR AL BEXT 13 PLEA 75t S 21 5%

WENENEWIMR ( phospholipid-derived fatty acids, PLFA) £ M A Yy r9 A= WrbRic , Hedd mon] DL e + 3 AR
WIRETE I A g 2R 220 ARBIF ST AN R P2 A A 3+ 4 PR AG 18 B PLFA A5G0 40 1 11
15 Ff' 14-19 B% PLFA UM ERY 10Mel7: 0 Fl 10Mel8; 0, fCEEHF K 18:109c (K 1), BT &
AR & PLFA 4 16 0,i15:0,a15:0,16:1 w5c,cyl7:0,18:1 09¢,cyl19:0 w8c, A4 Ab BT 23 5 i
T HEA PLFA & Fh2E, K +M 8 CK B E 1 MR A iR (14.0,16.0) R85 (i14.0,i15.0,i16.0,
i17:0) S AR (al5:0,a17:0) S EH (18:1 w9c) B & i (P<0.05) ; K, 8 CK i HI I E T (181
w9¢) [ F i (P<0.05) ; HAb I Ab BE +-34¢ PLFA 95 248 CK B A — 2% HARE . CK M K, £54
T 17 Ff PLFA K, M, 5 K, +M A 18 F M, A 16 i K, A 13 i, K, ALBLS B A Y Fp 284 Frgi 2, ol g
SN X AR P AR R AR, B A A AL B (KBRS ) B CKOI B 0 A S A )
PLFA %1 (P<0.05) , HAFEFF i 55 /20 5 Ab 24 B0 P it Ah B (K, + M, ) 55 A 45 A 1L I8 5 444 Jon 4= HE 6 2B
PLFA #im(P<0.05) , #41% 4351~ 70.77% (CK) ,40.10% (K, ) ,44.03% (K, ) ,74.91% (K,) ,41.81% (M, ) ,
30.66%(M,) o Z5 b, AS[A]jita B0 AL BT e A M1 257 A — s, b K M, B K+ M A3 AT 1S 4 8
EYIRIZS, B K +M| AE - 6 U R IR ey, X T BB T RR AN R A B LR S RO B
FFAE B figpask 72 v 7™ A RSt AT R A= 1 o3 R e R, A 2k P 1 B ER L B U
2.3 URI[A]it B A BT A S A W BRI R R

T ERUE YR T AR R R G B G A3, S I U A S IR R R R A R AR Bl - R A Y
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Fig.1 Contents and compositions of microbial PLFA in soil
PLFA; BEfENSHIER, phospholipid-derived fatty acids; CK; %}, Control; K, : i/} 75kg/hm> fb 24P AL AL BE | low doses of chemical potassium
fertilizer; K, ;i 150 kg/hm> fL2EHPARALEE | medium dose of chemical potassium fertilizer; Ks: fifi i 225kg/hm? fb2# 4 AL AL, high dose of
chemical potassium fertilizer; M, ; Jiti ] 75kg/hm> FEFFIAEALEE , low dose of straw; M, :JifiJf] 150 kg/hm2FEFFHAIAEALPE | medium dose of straw;

K;+M,: 75 kg AEZFEIIE+ 75 kg FEFFETBCGEALRE , low dose of straw with chemical potassium fertilizer

PR ERRR T, 2 WA, R B | T R T 2 T AR 2 I R A [ B Ak e Y
SR AR RERAAE 25 Ak BRI A CK 350 o - S BT | O K o 22 IRBHAE R PLFA 35 8 (BR K, 1) .
K, B2 K +M, 8 CK RN 2 i) PLEA 54 17 K 225 A, 2] b S AR 0 A A AP L 5
BARAY TR 2R A7, AT IEAR B 35 48 i+ e 22 IRBAPE R PLFA &8, SR L&, K +M, ZRBEX i
o RN TR ECRE 2 [P B P X X Bl 462 MRS 40— 8, RO RS FRIE S RS R
A HLDTERE DR S Ak, BRI 35 40 U A0 A J B o0, H80n H-398 LIB 3 0 [l BRI 5%
o3 SCRT A E AR A RSB, M 00 - SR A P B

F2 TEMAEWETE (nmol/g)

Table 2 Soil microbial communities

b2 TR R N | A2 QP 2 R
Treatment Bacteria Actinomycetes Fungi Gram positive bacteria Gram negative bacteria
CK 28.96¢ 1.83b 2.60c 18.86¢ 10.10¢
K, 34.67b 2.78a 3.25b 21.73b 12.94b
K, 34.68b 2.05ab 3.10b 21.63b 13.05ab
K; 30.59bc 0.45¢ 2.0lc 18.67¢ 11.92b
M, 35.52b 1.85b 3.13b 24.05b 11.47b
M, 38.05ab 2.22ab 3.37b 25.20b 12.85ab
K;+M, 48.44a 2.76a 5.73a 34.47a 13.97a

RIS [/ ING FRE R 7R b B H) 22 5 .35 (P<0.05)

2.4 AN[RDEHR AL N SRR PUAR X B A
SR PR TR AR R R ] S - R W R A R AR A A A S R (IR IR A S R
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TSR | B 2% [ B T/ 22 B P T 1 L (B R SR A X R AR P ey 1 5 TS OB 3 A, 4 —
FREALFIUAG U5 12/ BP0 AR AN I I T2 1) LU BRI, A% PLFA/ SRS A4 PLFA HLofillis ™ 36 3 W41 K +M, 4b
PRAHA AL B 5 A E A0 BT/ TR (D, T K A B A LA A LI S5 4 T/ EL B R M, (M, (K + M, AR PR CK
B 2 PP TR 22 TR PR T (R 5 K + M A A St it e 2 A Ak B8 M) RS AT 0 A A A 2 0 Ak 3
FICK A 2 38— BCAE MR D7/ s AN AR W PR AEL, Pl A DR, RS AT 3t T 5 /0 g A= A It o - Sl 24
Y HEAF IR R PE SN HE TR s T A S R SRR E

Fx3 TEREWEZEE PLFA L{E/ (nmol/g)

Table 3 Ratios of different microorganism PLFA contents in soil

wn e ETSERR I — R R R 54 PLEA/JZ 5t PLFA
T Gram positive bacteria Normal saturated fatty acid Iso phospholipid fatty acid
Treatment  Bacteria/Fungi . . . . .. .
/Gram negative bacteria /Monounsaturated fatty acid /Anteiso phospholipid fatty acid
CK 11.14b 1.87b 1.68b 2.07a
Ky 10.67b 1.68b 1.68b 2.12ab
K, 11.19b 1.66b 1.37be 2.14ab
Ks 15.22¢ 1.567b 1.35be 2.15ab
M, 11.35b 2.10a 1.66b 2.05a
M, 11.29b 1.96a 1.52b 2.03a
Ky +M, 8.45a 2.47a 1.94a 2.02a

[FIFUAN RN S8 3 A 3R] 22 7 8 %5 (P<0.05)

2.5 fEY S SRR W REAE [B] A AR DG

4 4F 3 FIEYINE 2 i 5 AR 2R R G A A5 R (3R 4) /B B3 59 i 5 L A TR S 22 [T
B A S S A AR DG (P<0.01) , 58 2 [ BH P T 2 i 3 AH G (P<0.05) , 5 A A= PR br AR DG HEAR 1
F(P>0.05) ; 3755 H AR 80 S BB A (P<0.01) | 59 22 G PR R 8 2 [RBATE R B 5
K (P<0.05) , 5 HAB B A WFE bR A SEVEAR B3 (P>0.05) ; Ff F K = 5 4 5 22 1 BH M T R 2 R BRI
PR A 0 S AH G (P<0.01) |, 5 20 TR M B B30 52 1 35 AH G (P<0.05) |, 5 HA G AE W48 A AR DG A B 2
(P>0.05) ., Z& b AEW it 5 R YOIk Z A AE AR OGP o A [) 40 0 Ak B 6T - B i A W ik B A —
SE RS 1 B it A B AT B S 2k R T R RUE W RRAE AT SR E R L (BT R AR RS
RGE WHEY) = i e A AR 2 (i H A BRI R bR | H 355 ) Rk, A Ja N i — 25 5 A [ it
B A PGS A A PR BT R e 25 FREE R TR DG 2R, DA SCEAT I VR 8 [ 52 0 J5e 0 s it B S 52 e
Yy 0 HARMLE], NI 48 SR 2 G BE A AT

x4 EMFESTEMEYEKZ BREXME

Table 4 Correlation matrix between rice yid and soil microbial properties

EP R B P IS ES e
Microbial properties Lettuce yield Cabbageyield Sweet corn yield
4l Bacteria 0.616 " 0.554" 0.631*
B Fung 0.395 0.336 0.437*
HTZRTH Actinomycetes -0.013 0.032 -0.083

#2% FRBAYER Gram positive bacteria 0.538" 0.460 * 0.563 **

He 22 [CBAHE T Gram negative bacteria 0.788 ™ 0.811" 0.756 **

* A P<0.05; * * }j P<0.01.

3 &g
(1) 7 FH A B A S Al b | it Ak 2 B0 A FNRS #1340 FH I BB N 55 55 A 38 Bl oK 4 3= 8 EA i A
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SR AT SR BRI A 2 BIE (K, ) SR B A AT (M, ) FAS A8 G HE AL~ 30 (K, + M, ) B2, Rl 55
SRR AT SR ] ML K+ M B IS 2, AL T R IR T K +M AR 2

(2) AN [R] it B Ak BEAS  SEAR A T 24 e 77 A — S S L, LA s T PR P~ 80 (K + M ) X4 vy 1 SR 20 78
FUTA 22 TR BH P B A P, mT S 5 19 - 3 2R W 6 PLFA. 5 i I sk 55 0 B 3 330 A W A A7 3R B 1Y

N

&
[ B

(3) ANFEFF AL B FF 2R I T K 4 AR 2y =i 5 A W PR B A7 AE AR S e B IE T fE 2
A A VR - B MR A A T AR
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