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Effects of calcium and magnesium fertilizer based on phosphorus tailings on growth,
yield of leafy vegetables and soil nutrient content

YANG Darun', SUN Yucui', YU Xiaona®, LI Heng', LI Yingying', WU Xueyi2
(1. Yunnan Yuntianhua Co., Lid., Kunming 650228, China;
2. Institute of Resources and Plants, Yunnan University, Kunming 650504, China)

Abstract: In order to explore the effects of calcium and magnesium fertilizer based on phosphorus tailings on the
growth, yield of leafy vegetables and soil nutrients, five kinds of leafy vegetables are used as test crops in the
field. The results show that calcium and magnesium fertilizer has a positive effect on the plant height of various
types of leafy vegetables, and the most significant growth rates at seedling stage, early and middle growth
stages, and harvest stage are 48.48% , 30.61% , 27.66% , and 32.20% , respectively. Calcium and magnesium
fertilizer has a significant positive effect on increasing the yield of leafy vegetable crops, and its yield ranges
from 48 480 kg/hm’to 131 460 kg/hm’, and calcium and magnesium fertilizer containing 1.0% humate has the
best yield increase effect. The application of calcium and magnesium fertilizer also effectively increases the
contents of exchangeable calcium, exchangeable magnesium and organic matter in the soil, the highest increase
rates are 81.08% , 51.04% , 161.61% . In summary, calcium and magnesium fertilizer based on phosphorus
tailings can increase the growth, yield of leafy vegetables and soil nutrient content.
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Table 1 Nutrient content of calcium and magnesium

fertilizer based on phosphorus tailings

AR w(Ca)l%  w(Mg)/%  w(EHEIR ) /% pH
1# 15.99 6.06 0 7.56
24 16.72 6.41 1.1 7.48
34 17.90 6.10 1.3 7.53
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Table 2 The height of leafy vegetables under different treatment

N R /em
RRE R i AR AR B

KAALLTTH CK 4.27 +0.247 2a 10.90 + 0.229 4a 22.45 +0.564 2a 35.90 +0.413 Oa

Al 530 £0.193 5h 11.28 +0.228 8a 22.95 +0.564 2a 37.80 £0.583 1b

A2 5.73£0.217 4b 11.98 +0.215 5b 23.30 +0.764 7a 39.15+0.519 5b

A3 6.34+0.116 8c 12.83 +0.224 7c 24.10+0.997 1a 41.30 = 0.470 7c

LGRS CK 9.30 +0.216 9a 15.06 £ 0.313 3a 25.65 +1.029 2a 32.55+0.328 3a
Al 12.33 + 0.246 5b 17.58 + 0.387 1b 29.45 +0.413 4b 33.45 + 0.407 Oab

A2 12.81 + 0.220 9b 18.19 + 0.309 5h 30.35 +0.789 Ob 34.15 £ 0.466 1b

A3 12.94 + 0.227 2b 19.67 + 0.337 3¢ 31.00 + 0.497 4b 36.20 = 0.426 7c

ZERRIIE CK 10.55 +0.243 2a 19.00 £ 0.330 2a 27.30 £ 0.879 9a 3275 +0.279 8a
Al 11.88 + 0.254 3b 22.08 +0.433 1b 32.75£0.911 6b 33.85 + 0.448 8ab
A2 12.18 + 0.250 3b 22.53 +0.405 2b 34.25 £0.920 2b 35.00 £ 0.557 3he

A3 13.09 + 0.203 6¢ 23.96 + 0.399 6¢ 34.85+0.392 5b 35.15 +0.342 4c¢

SR CK 12.18 £ 0.250 3a 2233 +0.456 8a 32.60 +0.563 8a 39.10 £ 0.369 2a

Al 14.08 + 0.209 8b 25.13 £ 0.556 Ob 37.50 +0.535 6b 41.55 + 1.024 6b

A2 13.91 + 0.204 2b 24.86 + 0.981 Ob 36.65 + 0.654 Ob 4230 +0.722 2b

A3 14.49 + 0.274 9b 26.44 = 0.695 9b 37.25 +0.446 5b 42.00 +0.714 5b

A% CK 10.48 +0.190 9a 18.75£0.513 7a 27.95 +0.809 4a 35.25+0.561 4a

Al 11.38 + 0.230 4b 21.93 +0.549 5b 30.70 + 0.423 6b 46.60 = 0.563 8b

A2 10.90 + 0.238 4ab 19.90 + 0.299 2a 28.85 + 0.405 7a 45.35 + 0.466 1b

A3 11.10 £ 0.219 Oab 18.90 + 0.514 3a 28.45 +0.478 4a 46.30 = 0.523 7h

R3 MREHZRFRKFIZRER
Table 3 The growth situation of leafy vegetables
in plant height

H— h XL CK R %1%
B EREI AR

RAFLIFE Al 24.12 3.49 223 5.29
A2 3419 9.91 3.79 9.05
A3 4848 1771 7.35 15.04
ANl e Al 32.58 16.73 14.81 2.76
A2 3774 2078 18.32 492
A3 39.4 3061 20.86 11.21
LEER R Al 12.61 16.21 19.96 3.36
A2 1545 1858 25.46 6.87
A3 2408  26.11 27.66 7.33
pilSb Al 15.60 12.54 15.03 6.27
A2 1420 1133 12.42 8.18
A3 1897  18.41 14.26 742
Py (S P Al 8.59 16.96 9.84 32.20
A2 4.01 6.13 3.22 28.65
A3 5.92 0.80 1.79 31.35

SAE YR = b A T B SRR A
AT, iR SR BT SR E bR
IPEFRCRAAAEZE R . RIRALOITSR, TR, Ik
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S, A3ACFRRINEAE; AEAERKPIM, X CK, Al
AEBRJCH I 2R, A2, A3 AP LA B 2
5, ASACHRIEA; AKX CK, A abBE
ZHGFAEMBEZES . mlEEREIH . AR
WA AKX CK, AL, A2, A3AMIRH &
FHES, FAREERYIE, AR
WX e CK, ATACBRTCIA B 2557, A2, A34b
PR 2E 5 B o BEKESE eI . AR RPN 4K
AT CK, AL, A2, A3AMIIEBEZER
HAEH AMA RV B, A3 R AR 7
MRS CK b #e, A1 AR BEIF R 30 B i i 22
S, [HA2FNA3KCERIN2: 5 B 3 . S R AE A
EEBIN, H5CKHL, Al A2, A3 LB R
HT R R 2R
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22 RREIZEARA St R EARMAR R 0 Fvh

AN [R] it JES Ak X S AR AR 2R 1) 52 ) DL R
4 fFRANTH, AT AR AL BT 4525 SEAE AR
RIS A 25 . RTEPRKMZEN, JFRE
IR B R, P A B B A A B A AR
K i 0 AL BRI 50 . X EE CK, B 38

FhE A B HAT B2, HOMIE R EA,
IR R AE 9.69% ~ 14.34% ; KRAALOIFSEN A3
PR K 5 CK A L B B 22 5, MK K =
9.20%, A24bFRICIE 2R, A1ALFRAGHRACIE
BHR-651%, HARKBN; 458k & A0
TR EES; mINEESR, EEMAKAL, A2,
A3 AP FEAR K S s K

KT R AL, SR R IS X
T SRR T A BURER . XFH CK, R
ALOIT S FEEER (IS PR32, A2, A3 AbFELY
BABEZES, H A2 FAE (L R 5 0y i
R A R IEN, ML N 5 0 R 29.58% |
42.08% 5 T X} F i 110 Gk SR R RO 38, AL
A2, A3KCFRIA I B e ROCR, AR T
Ty BIAE 43.32% ~ 92.51% . 68.15% ~ 165.66% ;
ETRFETAZE, ALLSBIGHH A2 s8R
KR, MR AE 74.50%, CK. A1, A2, A3
AbPRZ BT 25 5

x4 BETESHEENMHRERFRANZM

Table 4 Effects of calcium and magnesium fertilizer based on phosphorus tailings on the root system of leafy vegetables

IH2ERI b3 M4 fem ML e CK 38K %1% /g BN H CK I K %%
KRALLTFR CK 13.05 = 0.393 9ab 6.49 +0.276 5a
Al 12.20 + 0.249 7a -6.51 7.03 + 0.376 8ab 8.32
A2 13.58 +0.249 7The 4.06 8.41 + 0.408 6¢ 29.58
A3 14.25 +0.389 8¢ 9.20 7.63 £0.323 The 17.57
e LI CK 13.45+0.419 7¢ 4.94 +0.336 4a
Al 12.10 +0.323 6ab -10.04 7.08 +0.497 2b 43.32
A2 11.80 £0.394 7a -12.27 7.86+0.421 1b 59.11
A3 13.05 + 0.336 2bc -2.97 9.51 +0.344 9c 9251
PR3 CK 15.20 +0.550 6a 7.70 + 0.443 4a
Al 1520 £ 0.516 la 0 7.83 +0.356 8a 1.69
A2 14.95 +0.393 9a -1.64 10.94 +0.356 5¢ 42.08
A3 15.60 + 0.483 4a 2.63 9.21 +0.330 9b 19.61
B CK 12.90 + 0.298 2a 5.62+0.234 9a
Al 1420 +0.381 1b 10.08 9.45 +0.741 4b 68.15
A2 14.15£0.326 7b 9.69 11.22£0.331 8¢ 99.64
A3 14.75 £ 0.403 1b 14.34 14.93 £0.534 4d 165.66
je S ek d CK 18.15 £ 0.563 2b 9.41 +0.492 3a
Al 13.55+0.234 8a -25.34 16.42 + 4.585 4a 74.50
A2 1330 £0.317 la -26.72 10.86 +0.407 7a 15.41
A3 14.00 +0.397 4a -22.87 11.69 + 0.408 6a 2423
23 FREZERRLE TR EAED T2 H A FFRFEAL, A2, ASCHITFBTCR EMES, HEY

il L 1 8 O X I IS 5 33 7™ ) T DL 2R
5. MRS HRIHEL, AR LA B ER R A AL ST
SIS 4 il S 4 )7 R R L B 2 R S
BRI, 5 CKM P B, RIAEO

PeF CKAbEE, B 7= R Fa ETE 12.07% ~ 20.67%; 1
R . ZEBRAE . BUET S MO B R
A1, A2, A3LCFETF N FE B B2 03 =R, 1
PRIk 47.26% ~ 75.57% . 14.89% ~ 31.96% .
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87.75% ~ 114.80%, Lh}29.04% ~41.01%., Z5HKF%
B, 3 4% B8 E T LR A R Y S BE AL
Xf 4 T S AE W b b e T R O B
9 1 1 A, L™ 4 Y L T 48 480 ~ 131 460
kg/hm?, 74 7 A< B2 AR AR Y 12.07% BR T 28 fix
B 114.80%, SEHH ™ %5k 40% L) | .
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Table 5 Effects of calcium and magnesium fertilizer

based on phosphorus tailings on the yield of leafy

vegetables
s ’ L
PR Ab OPSERETEE (0L
KB CK 360.50+265918a 43260

Al 404.00 £29.010 8a
A2 416.00 £ 13.661 la
A3 435.00 £ 30.290 3a

48 480 12.07
49 920 15.39
52200 20.67

ElEsE CK 37450+ 17.164 6a
Al 577.50+37.790 5h
A2 551.50£45.156 7h
A3 657.50+43.1350b

44 940
69300 5421
66180  47.26
78900  75.57

T3 3 MRS R X T REENSE, 5CK
FHLEG, A3 - 358 3 FP IR 531 2803 HIHE 32.11% ~
43.90% . 16.67% ~19.79% . 34.60% ~67.30% ; %%
M, XFREEAR, 5CKAM, A3AHIX 153
FhFRo AR HERT, AL A2 AbFRHI IR AH S Y
R, RS AREE . APURFR AT TR,
Jr AT RE RIS BEAL S, BET SR S EE A R L
Ae R, MMEES 17485 . B8 AT HLTT A A 2L
2, RECIEIREE A RSO L. R ERTA,
Bt S BT TR T T e S A | AcHbEEE K
AL EAFWAEN, R — e P 4
IR TR

F6 WEVESHEENTERSZM
Table 6 Effects of calcium and magnesium fertilizer

based on phosphorus tailings on soil nutrients

ZEER 2 CK 547.50 +17.975 7a
Al 629.00 + 36.164 6ab
A2 722.50 +53.121 3b
A3 708.50 + 17.385 3b

65 700

75 480 14.89
86 700 31.96
85020 29.41

R CK 5100019316 4a
Al 97350 = 38.605 4b
A2 95750 +36.340 4b
A3 109550 = 46.760 Oc

61200
116 820 90.88
114 900 87.75
131460  114.80

LW CK 6645024917 4a
Al 86550 +27.988 8b
A2 857.50+£43.294 1b
A3 937.00+23.958 3b

79 740
103 860 30.25
102 900 29.04
112 440 41.01

2.4 REACA I3 L3E IR 500 %00

R ILESEENE XS ISR s LR 6.
FOTH, FFXTRAMOITR, 5 CKAMHE, A24b
RS E T F 1.34% , HA AL B 7E— 2 FE R |
PEm T RS RS | SRR AL
B 4y B AE 0.33% ~6.35% . 2.70% ~5.41% .
0.22% ~5.47%; X FillEeEsE, 5CKA, A3
A PEXTAT WL A SR HEVE R, A AL B4 A 2 T
T RHE3IF SR SR, BRI 1.74% ~
63.89% . 0.88% ~38.05% . 28.74% ~33.27%; %t T
SEERARMRE BRI, 5CKHL, KOs
AR 3 R R BIROR, ZEER S L 3 b
F5 43 B 2 43 B 1E 50.00% ~ 81.08% . 39.58% ~
51.04% . 115.18% ~161.61%, A3 KbFHXTL45BR 135K

. . o MICK X CK wCHHL *HCK
H552 Nyl / P il /
O gy O S st

6X8 % el % (gkg) %
KA cK 5980 1332 45.7
DR
Al 6 000 033 1 404 541 474 372
A2 5900 -1.34 1380 360 458 022
A3 6360 6.35 1368 270 482 547
@il cKk 5760 1356 50.8
egeea
Al 9440 63.89 1872 3805 654  28.74
A2 7680 3333 1596 1770 677 3327
A3 5860 1.74 1368 088 456 -10.24
&k K 4 440 1152 24

&

sk Al 6 660 50.00 1608 3958 482 115.18
A2 6760 5225 1632 4167 493 120.09
A3 8040 81.08 1740 51.04 586 16161

HET CK 6760 1584 514

Fl‘i#

Al 6320 -6.51 1 464 -758 446 -13.23
A2 6400 -5.33 1452 -833 492  -428
A3 6920 237 1680 6.06 522 1.56

AW CK 4920 1152 36.7
Y| 7080 43.90 1380 1979 558 52,04
A2 6900 40.24 1356 1771 614 6730

A3 6500 32.11 1344 16.67 494  34.60

3 itig
31 FRREERAE T RBERERE®ZHH"
AHICHFFE R, S8 3 Th 4 L o A R e I 5
Tz ny T i . MR TE 7. b i A EUIE A
R, HAR O B2 Y AR A e
BRIy, AR MEITTR R, K, il
V5 T A T 20 5 Rt J5 P 2 T P A
S EH A T I TR B it B T T S R v R R Y
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FLORSRIUA - 1 IR 5 d5 o 3 1 6 51 35 48.48%
AR R 30.61%, A AR 27.66%, Wik
W 32.20% . BEAL, it AT AL BEXS - SEAE PR 3R
MISZAN A, VEP AR I A g 30 L B I8 g A
R SR TR R R S
HOLRNE R ERT T, PSR
FR) ML 2 85 0 4 8 5k 30% . 1T 184 it 5 A A o i35
AR o AT CH B 2 0 DE R, H 7
FEl /T 48 480 kg/hm® & 131 460 kg/hm> Z 1], %% |
Jrik, AT BE G R 5 A R P IR A5 1 Hh T
AL, AMUARARESE T 2R E AR, iR
PR T B E A B it B A
JEMERR P ESEENE, fEdE TSR IME A K S8
PTF, X—25e Sar NI AR A, o
JE T B R RS AR B R BUE N ZE H
32 KRR T EIE R 5 0%k

AH A 2R B AR R R A5 B N Z I it A2
BE, bRt TEEAIL . SSHPER FAS R BE
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PEEG S 1 A AT DA e A g oK R PR
), (IR o AR S K, (RS
R Z2 0 B4 I DL S B e o', ARIFGR 45 R 3R
B, EEXTESESPEY, Htn B A eSS LUK Al
PR EENE 4R T T s rh S k4 | Aci gk L
KA BB Y 5T A A3 A, v A v 1 43 ) Ak E
81.08% . 51.04%#1161.61%, #F—HAER T 45EE0E
FER R T IS MRS | SR BE S A LT i T
PIRRAEN, IFA B e IR NE J1oKF, FiRT
NAHFE R 3L
4 it

AT EED  E LR, R RERTE
ARl A RN Bl R T 25 AR R BB A3 5 Ak A 5 I P A
W R S il £ 1 AR PR ESBENE , il £ 1 3 Fh A}
FE S A S22 EE 3 F o i T RCR I . S5 R R,
Mt AT A S EE h LT RN B T TR A R G B
HriE LR X228 L SR Ak e B AN TR R R 1)
B ER, . AR, AR ok
W 4 AT A= 8 0 0 e 1 4K 2 03 1) ey 35 48.48%
30.61% . 27.66% . 32.20%; it 45 58 A H 2 2

FEFERREEENE , X e it S AE Y - i AR
WERERAER, H7 5 E T 48 480 kg/hm?
2 131 460 keg/hm® Z 7] 5 14 it 45 56 N X T 42 - 1- 1
HRAS I | s A HILJTR e LA B AR
A, RIEHIE—E B e T AR 1K

FEXTREAE T AL, $AHBE R LR G R FHRCE
CH Y Za. X5, BEVPE%ET
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mhRmREE . EUAAAREE P BRRREE . BRI
FHEE 2 REERESEE Y FIER L T T2
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