5 35 55 6 ] FEHXRLHFR Vol.35 No.6
2017 4 11 H Agricultural Research in the Arid Areas Nov. 2017

SCE S :1000-7601(2017)06-0181-06 doi: 10.7606/j . issn. 1000-7601.2017.06.27

HtREMGAEEXT T E BB F R 88 .
55 | $% 43 B % bk 51 BY 22 i)

o EEE L RN EL R LA OFL EER ERT
(1. BEPE4 + 3t T REE 4 A FRITAT A ], BEPE PUZE 7100005 2. PHILAAREHE Kof WEUR SEREF#BE, BEPE #% 712100)

b P2 s O N = o (7 e N R 77 N I e N N = 2 o = Rl [P
REH B FETELEERMEAEN 2GR, FHUATER: L EREEREME S LR BN TR
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Effects of magnesium and potassium fertilization on distribution and ratios
of Ca, Mg and K in soil liquid and solid phase in greenhouse

YAN Bo'*?, HAN Ji-chang', CHEN Zhu-jun?, CAI Miao', WEI Yang', Wang Hui-min*, WANG Huan-yuan'
(1. Shaanxi Land Construction Croup, Xi’ an 710000, China;
2. College of Natural Resources and Environment , Northwest A&F University , Yangling , Shaanxi 712100, China)

Abstract: To solve the problem of crop magnesium defficiency in greenhouse in Northwest China. This experiment
was conducted by different amount of magnisium sulfate fertilizer and potassic fertilizer to study the distribution of Mg and
the ratios of Ca’*, Mg>* , K* in soil liquid and solid phase. The results showed Mg®* concentration in soil liquid phase
were significantly higher in MglK2, Mg2K2 treatments compared to control, with an increase of 26.64% and 74.78%
respectively. Ratios of Mg®* in K*, Ca’*, Mg®* were 32.03%, 31.62%, 32.84% higher in MglK2, Mg2K2,
Mg2K1 treatments compared to control. More K* was released from soil solid phase to soil liquid phase by using Mg as
fertilizer. Concentration of K* were decreased by 15.78% and 27.74% respectively in soil solid phase, and were in-
creased by 18.84% and 73.91% respectively in soil liquid phase in Mgl K2 and Mg2K2 treatments. K*/Mg?* ratios of
MglK2 and Mg2K2 treatments were 14.52% and 26.61% lower in soil solid phase, while Ca>* /Mg** ratios were de-
creased by 31.51% and 32.29% respectively in soil liquid phase. Concentration of K* was 69.88% lower and K* /
Mg?* was 20.88% lower in soil liquid phase of Mg2K1 treatment than those of Mg2K2 treatment. Yield of tomato and
Mg uptake were elevated with Mg input.

Keywords: magnesium; solid phase; liquid phase; K*/Mg®* ratio; Ca’* /Mg** ratio
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Table 1 Properties of soil in greenhouse

b2 HEA ARk A S A SRS SRR
Sl ]L\ Nitrate Available Available Exchangeable Exchangeable Exchangeable
OI/ertlyer nitrogen phosphorus potassium potassium calcium magnesium
/(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™")
0~20 83.90 98.30 259.50 318.00 3993.75 289.94
20~ 40 46.87 68.13 126.11 134.00 4100.00 211.94

1.2 K@it

RIGE Mg, K IEFAS 2, Mg 81 3 7KF,
435I Mg0 . Mgl \Mg2 o, #F IR 2 A~IKF, 435
H K1 K2 3R, BALIX 4111 (3R 2), 4L 4 M4k
MR ER 3K, VLAY, 12 /N X,
NXTEFR 15.08 m®o TR FH S8 A5 AT R, 47 #E 43
4 50 em F1 80 cm, £k 30 em, £/ X ILTT 68 £k .
NEAL I Ry BENEFAIE AL, AN R i 30t 7 o 5 S vt P
= BEIE (P05 = 18% ) , S PHFI A 45 IE (N - P,0s
- K0 Fih 18 — 18 — 18) , H41 135 kg hm =2 N, 405
kg-hm ™2 P,05 Fl 135 kg hm ™2 K, 03 38 it 1 R 2% (N
=>46% ) EHER KA (N - P,0s - K0 &0 16 -
8 - 34) R IR BE . FLARHAL 5 0L 3% 2, FENEF 8 J
25 H— i A 3, B RERH3 8 3 Wil F 11 A 6
HolH 18 H. 12 A 2 Hijiti A, B Uit I8 5 A1 7] .
1B AR + S B AR 2% /K IE—1A Ak R St
AT FEBEIE A s Ol TRERBEFE O
PR P EE 2 s 2R Gt e B 8] 3K (0
~50 em) , FHZK F2 45 0l FE 8k B &, i 0 ~ 50 em 13

Bk IR E AR K R 80% .
1.3 MXmMBRFE

IR AR T 12 A 3555 3 7R (R)
FHER TGS+ 150 (AT 118 ¢ 1), 7E H 57 Hi-
mac2CR21 B4 755 3 250 ML b F 25°C JAH S F 7Kk 7y
1.0 x 10° Pa 25040 F B0, WACHE 45 T A 38 3 vk, ) 7
AR KY \Ca®t Mt B UL, PREHL
VAU 1) [EURH N ER T R B R, b R e O O R
A7, A0 5 1 A 4= e Pk 35 4 o

®2 BREEREE

Table 2 Fertilizer application rate in different treatment

b3 N P,05 K,0 MgS0,
Treatment /(kg=hm=2)/(kg*hm~2)/(kg*hm~2)/(kg*hm~2)
Base%f}'fﬂizcr 135 405 135 0
Mg0K2 215 55 265 0
EE MglK2 215 55 265 45
Topdressing  Mg2K2 215 55 265 90
Mg2K1 215 55 65 90
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FEHRT K Mg e A 512021 A g e,
A KT Mg B TR KB, A RRR Ca®t
TR A b 58 3 T ok, (E A5 W AH H Ca?* vk B 4
Ko Mg2K1 Ak #H + 48 [5 #H 5 4 vE 81 & &= A6 L
MgOK2 . Mg1K2 il Mg2K2 Ab I A AN [ R BE 1 FAIR
REAR T 43 0 A 15.78% . 14.20% 4. 72%, H 5
MgOK2 Mgl K2 4 i 2 53 35 B i 2 /K -5+ 38 W AH
K* ¥l 84.33 mg- L™', Ml Hb MgOK2, MglK2,
Mg2K2 4b 32 3, KW 43 5 47.62% . 55.92% .
69 .88 % , < WU/ B AL )i P i ST 5 AR AR - 38 [i] A
FRARER . Mg2K1 4D FH [ A AS ek o 5 H:
B3O IETC R E 25 R Mg+ W BT
Mg2K2 Ab P, 5 BH il /450 A ik P 2 R I A 38V AH 85
Frim o PG, B 7= S B v i S B 4 1 R 5E Y
TEENE , LA4R i i Rt

Z HetEMg® & hit/(mg + kg™)
Exchangeable Mg~ concentration
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Fig.1 Exchangeable K*, Ca>*, Mg* concentrations of soil solid phase under different fertilization

(Different lowercase letters indicate significant difference at P < 0.05 level. The same as below. )
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Fig.2 K*, Ca**, Mg* concentrations of soil liquid phase under different fertilization
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3 3 R, Bl it AR NE B () 34, 4 398 [ A
TRLFN BE A FEAIR AR a4, A AR AN B AR 0 B A S Iy
HEH, MglK2, Mg2K2, Mg2K1 Ab P45 4o A1 25 A L
MgOK2 Ab B4 5 R%AR 13.39% .27.21% .29.12% , H:
H Mg2K2 \Mg2K1 4B 5 MgOK2 4b 3 22 533k 5] g 2%
K. MglK2, Mg2K2 . Mg2K1 #b P 45 16 A1 & 41 He
MgOK2 AL B/ HI4R 5 1.43% .2.95% . 1.14% , BE4f
B4R 0.92% . 1.45% 23.58% . BEHIH R
5 AR R B B A A R A G, B R R R
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Table 3 Exchangeable K* , Catt, MgZ+ saturation of

soil solid phase under different fertilization

pBL CPS K* CPS Ca®* CPS Mg*
Treatment /% /% /%
MgOK2 9.4l a 83.00 a 7.59 a
Mgl K2 8.15 ab 84.19 a 7.66 a
Mg2K2 6.85 b 85.45 a 7.70 a
Mg2K1 6.67 b 83.95 a 9.38 a

TEARNEFRRREFBE, P<0.05. T,
Note: Different lowercase letters indicate significant difference at P <

0.05 level. The same as below.

B3 4 ATLLE 1, 5 MgOK2 4b # K* | Ca®* |
Mg * 4353 o S 1 LA B, Mgl K2\ Mg2K2 Ah B +
BT KY 5 K* L Ca®t M@t B i35 e 2
B, B E S5k 23.91% 31.21% , Mg2K1 ZbF K+
BT o5 LA B R AR , A HE MgOK2 , M2 K2 4b B 43 51 4
1% 48.58% .60. 81% , 3= WA it FH B AL 1 A~ v /0 4 IS
(At FH 6T K JIE o B 8] I . 2 2 i), i e 2 it
BRI AR e B RIS A K 7 K L Ca?t Mgt
KNI B, Ca?* JUT i B B8 it 5 it FH 6 A 2 179 344
A AR A3, Mgl K2\ Me2K2 AbFHAH [ MgOK2 b3
B E R, KR 510 R 8.36% .9.29% , 1 Mg2K1 4k
FHE MgOK2 AbFE TG 35 25 5, W - 58 AH Ca®* i
b7 B AR 2 1 K Mg PRI SRR e 1Y i FH B
HER 3 A~ Ab 3 Mg BT o Ll 4 AR b X B (MgOK2 ik
H) 35 8 I, Mgl K2 Mg2K2 . Mg2K1 Ab #4371 3 Jin
32.03% 31.62% \32.84% . & LTk, it FHAEEE n]
DU R A K Ca?t Mg+ B Ca®* it
o7 A S E R Mg+ BT (LA s 4 ES 1Y i
AL R K B b7 e i, i 40 85 S5 86 2 ()
FEAEFEHUVE T, it T NE it FH 2 IR 2445 ) 1

PR o

F4 AEAEIERLELIERE K (C2* Mg 22/
Table 4  Proportion of K*, Ca?t, Mg2+ in soil

liquid phase under different fertilization

e K*/(K* + Ca*/(K* + Mg* /(K* +
Treatment Ca* +Mg*)  Ca¥* +MgZ*)  Ca®* + MZ*)
/% /% /%
MgOK2 10.54 b 77.19 a 12.27 b
Mgl K2 13.06 a 70.74 b 16.20 a
Mg2K2 13.83 a 70.02 b 16.15 a
Mg2K1 5.4 ¢ 78.28 a 16.30 a

2.3 A[EIHERE 4b 2 X £ 5 [ 48 & il 4H B F EE B A
=AU

VEMI AT EE IR S Ca?* /M2 * HL i K* /Mg *
F A G, AR IS, B R TR R B B Wl e
K3 A, Mg2K1 A0 FH Ca?* /Mg?* M54 H MgOK2
b P SRR, R AIG IR B 25 3] 16.89% , (R 4 AN Ak 3
Z ] FIEE A Ca®t /Mt i 25 S A i3, WY
Jiti FBERE AT 4 338 [ AH Ca?* /Mg Ho B 52 Wi AN B
{EL it B M 1 [ s i 2 0 S it T, e A s eI - 8
A Ca®* /MZ* Hefil, K* /Mg Ho il 5 it FF 6 HIE
AR PR, Mgl K2 \ Mg2K2 b3 K+ /Mg
LLABIAH L MgOK2 Ab 38 43 I BEAIK 14.52% .26. 61 %,
Horf M2K2 4 BE 5 MgOK2 Ab #2925 3%, Mg2K1 4b
K /Mg il 4 A b3 A%, A L MgOK2
Mg2K2 4b B4 B AAR 41.94% 20.88% , W1 it T 55
JE A6 K I B PRI 398 [ A K /M2 * B3, it P B A
F14 [ s i/ D 0 A 40t R L % K+ /Mg * EL A9 A AR AR A
FE—2E s . Bifi 5 it FH 856 S 2k ) 398 o, = 39 [ A
Ca®* /K* LA 385 i) 4 #5, Mgl K2 . Mg2K2 , Mg2K1
Ab PR Ca®* /K* HE A AH EE MgOK2 A 2 43 51 3% Jin
17.35% \42.39% 42 .84% .

%5 R, Mgl K2 Mg2K2 \Mg2K1 4b i + 3 75 ]
Ca®* /Mg* HLIIHH b MgOK2 40 A3 IR A 31.51% .
32.29% \24.96 % , Jiti 6 A 11 Ak PR LX) HE A 398
H Ca?* /Mg L] 2 2 RRAIG, 28 BH it FH R A v] L i
FREAR AR Ca2t /M2t L], Kt /Mgt 1)
MgOK2 Mgl K2 Mg2K2 4b P 2 [0] G i 3% 25 5% , Mg2K1
AhEE KT /M B E LT HE 3 A4, N
0.33, 2 W it FH 56 e f [ s o 2 4 RS £ e D, T A I
TR LA K /M2t ], MeOK2 ., MglK2,
Mg2K2 Zb B 2 8] - HE AR Ca®* /K EL i 22 7 A i
BB ENT M2K1 kb FH, Mg2K1 43 Ca?* /K*
Fe Bk BT 3 AN FERY 2 f5 L L
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Fig.3 Ratios of Ca®* /Mg**, K* /Mg** and Ca’>* /K" in soil solid phase with different fertilization
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Table 5 Ratios of Ca?* /Mg?* , K* /Mg * and Ca®* /K*

in soil liquid phase under different fertilization

pOL]

Treatment Ca®* /Mg * K*/Mg* Ca?* /K*
Mg0K2 6.41 a 0.87 a 7.35b
Mgl K2 4.39 b 0.81 a 5.4 b
Mg2K2 4.34 b 0.86 a 5.07b
Mg2KI1 4.81b 0.33 b 14.89 a

2.4 AEMEEGEINER=ERE. .5 R
=21

e ik ™ ek Wi A it B e A BG 0 A 1 i A
MglK2 Mg2K2  Mg2K1 4b FEAH Lt MeOK2 &b 343 51| 3
F51.19% .3.19% .2.55% . it %5 Jiti FH 6 FE 3 A 348
T, T AR S A 2 N R TN A
T et RVEEASS Hh et 1 B o B M it P o P 15 o 1
Jin, Mg2K2 A BREE S Rt s, B m T HE
3AVALH, AR M2K1 AbFAH HE Mg2K2 Ab 3 7 i
BEES BE i b 2 R AR, (E S X B L, S L BE
S A . g5 BT, Fob e B A
—E W VE R, I AT LA 2 2 A3t 0 555 B R W
BERE i L 90 kg hm ™ 2R R EEAE e fd:

3 e s

1) Jift FHAEE NE S ) 4 18 [ AR A 5 o A JRAR A
A A, AL MgOK2 Ab B, MglK2 Ab Hi |

Mg2K2 Ab R AHEE & 1t 3 i3 in 26.64% . 74.78%
AL B IFEAR 15.78% 27.74% , IAHER &
P HIHEIN 18.84% (73.91% , BENE it FHAR (s 40 % i
[ A R L

2) SRt FH AT LA S8 oA A, 0 [ A B A A
K* /Mg L ) Fl W AH Ca®* /Mg LG ], T % ¥ AH
K* /Mg * o] | [EAH Ca®* /Mg * HLBRZ AN &

3) 5 BEAH L, i FH 90 kg hm ~ 24 R BE AL 14 [+
I i T4 S ol 2 A B, 4 9 1 R A2 B R e A
FEE S BIR E 20.12% . 23.58% , (H K ik i K F,
VORHEE MR EE  Me?* BT (& B3] S 5 1, 35 4 301 Ay
38.58% .32.84% ; 1 HE[E A Ca®* /M HLB  K*/
Mg+ Fb B3] 43 5 A 16. 89% . 41. 94% , + 4 i AH
Ca>* /Mg L R AIK 24.96% , K+ /Mg * L 3] B IR
62.07% , ¥R 2| B E K

4) T EENE BA — s g OR , JF R
PEFE AT BER W, BRI I J5 , (R IE R
Wk, ELEEHE H B A BT RESE

WF5T 3B, M o B 28 A W i 2 b - g P e
SR VB Ca?t /MZT LB KF /MZ H A
3, 4 R A KT 50 ~ 60 mg-ke !, B BRI
FIEMRT 6% ~ 10% 122 6% ca®* /Mg * Hfl
BT 7H,EE KM IR T 0.4 ~0.7 B2
YEPI T RE 43 BB AR . 4l Bt 2 T, 4 S b 3
[P A A2 48 1 B o 1 A AN BB K Y-, (ELBE A S
Ca?* /M * LBl K+ /M L i) 34 4b T Bl 6 7K -
Jit FEE B A A F - 3ECa®* /M@ * EL i) K+ /Mt HE

F6 AREEELENER“E HISFIERFIEHENIIT

Table 6  Effects of different fertilizer application on tomato yields, and the concentration and content of K, Ca and Mg

Ab PR FoHE Yield Bkt Concentration/(g-kg™") #5 & Content/ (kg hm~?)
Treatment /(kg*hm=?) K Ca Mg K Ca Mg
MgOK2 64268 a 36.66 a 25.20 b 0.91b 195.59 a 138.39 b 16.38 b
MglK2 65031 a 34.69 a 24.67 b 1.19b 184.55 a 141.01 b 16.55 b
Mg2K2 66316 a 36.13 a 27.39 a 1.76 a 195.97 a 159.66 a 19.80 a
Mg2K1 65906 a 29.68 b 24.94 b 1.21b 159.61 b 139.06 b 17.22 ab
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