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Fe,0,1.60% , Al, 0,1.99% , Si0,9.4% , F 2.44% ,
CO,3.74% . JIr st Rhas Mk K i 4 3% 52 00
M Jg:Cd0.32 mg kg™, Cr44.9 mg kg™ ,Pb 61.0
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Table 1 Basic properties and application rates of the fertilizers used in different treatments
HEAHR ) & BNt A 1
AEFRAR A hb - ml m At T B/ HERE B
Fertilizer content Fertilizer application rate
Code Treatments (% ) (%) (d)
N-P,05-K,0 (g)
CK X0 — - - - —
CCF WigE o E? 15-15-15 43.76 6.97 11 1 080
CRF1 W g o e ® 14 -14 -14 0.98 0.91 88 1157
CRF2 0% B ANBET I e @ 11.25-11.25 -11.25 3.2 1.16 69 1599
CRF3 40% BN BT A © 11.25 -14.15 -11.25 2.95 1.03 77 1599
CRF4 50% FEMEAMBE KA © 11.25 - 14.87 - 11. 25 2,14 0.78 79 1599
CRF5 60% FBIANBE T R i e @ 11.25 -15.60 - 11. 25 2,52 0.95 77 1599

1 Note : tl -FI 1% H 2 (25C K iR R ) Initial Solubility(25°C Water extraction method) ; m At-f# /3% Hi 3 Differential Solubility;
T-80% 35/ B&Jit i The period within which 80% of the nutrients in the fertilizer are released. (DControl; 2Common compound fertilizer; 3)Resin coa-
ted compound fertilizer; (@SRPP-coated compound fertilizer, of which 0% of the coating is SRPP; (5)SRPP-coated compound fertilizer, of which 40% of
the coating is SRPP; (©SRPP-coated compound fertilizer of which 50% of the coating is SRPP ;(DSRPP-coated compound fertilizer, of which 60% of the

coating is SRPP.

1.4.3 KSR bR AR 7 K b B4 i o
HUAS BRI EIECE — iR 0.5 g, i 1 ml BEIR 22
(0. 05 mol/L, pH 7.8) , vk BIF I , WIS J F5- o
1 oml 28 i, B B0, B 2 ml 2 o i vk
WFER, (8 A B0 45 v, P, AR (0 ~ 4°C) B
20 min( 10500 r/min) , B [ 3§ AT E . SOD (#
AP AL T ) R FHIR 85 PO e (NBT) 7430 5 , CAT
(I 4E A U ) SR 28 A i 27 5 POD (5 46
Le By ) SR AT A A I ) s MDA 5 il SR
FIBAR B e e e ™ s AR AR T 2R HH TTC 30
SENT S AT R R L e s e
£ C iR 2,6- ABE I E L E A PR
R PR E e E Y S R PR SR R 2R A
SHerE R E
1.5 it

BE Ab B R FH Excel 2003 F1 DPS 7.05 %iit
G307 o
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93 L 5] R 186 A S T 32 4 Y6 Vi 24 50, Ty R 43
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R B 5 2 1T A O W B0 A R I VE L, AR
TR R
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JERHFE 62 KN B BBV HCR ) Wi T o
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T 450 5 2 e I A i o5 S A 8 ke 400 ol 0 0 LG 4810 1)
B, R B HOR 5 IR GLBBEIE CRF1 B30, 3
A S 4 W 7 3 T LA A2 A OB A A 4 ik
F) 5B AL AR AR LA SRR, LA 50% Fil 60%
TN K E A 0 O e i . 32 PR A At 4
R T ROURL B AN, R ol 52 T 500 241 50 R A0 3L,
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2.2.1 ANt M Ak BRSO P SR I I 2R A Y
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HESRARE . RARARK DA, S EE 5T
AbBRAG ISR ER S i CCF 2EHRRR, Aficak i , 4 Rl
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a AWM ARG by o dRiledd B SBUENBET K30%- 40%- 50%7H1 60% Lol M40 vhu 5 1 4
a stands for SEM micrograph of the resin film, b, ¢, d, and e for SEM micrographs of the films made of superfine

phosphate rock powders accounting for 0%, 40%, 50% and 60% of the coating, respectively

El 1 SRR IEARE( x 1200)

Fig. 1  Surface morphological characteristics of the coating of CRFS

R2 IEANBEEEAUAEEHN T IEARRUBRE(%)

Table 2  Apparent nitrogen release rates of coated fertilizers determined using the soil mineral N increment method

Qb B 35 KX Incubation days
Treatments 7d 14d 21d 32d 42d 62d

CCF 12.12 £1.05a 20.53 £2.24a 31.37 +4.45a 17.86 +0. 38f 2.63 £0.31e 5.09 +1.72d
CRF1 1.55 £0. 79¢ 8.44 +0.78¢ 24.08 +2.75bc 35.62 0. 85¢ 50.68 £1.22¢ 57.65 £5.09a
CRF2 2.54 £0.57b 11.84 £ 1. 54b 25.37 £2.76b 31.11 £ 1. 08d 50.13 £2. 10cd 51.74 £2.89bc
CRF3 2.66 £0. 50b 4.13 +£0.90d 21.39 +2.90bed 24.75 £0. 84e 47.24 +2.23d 50.22 £3.90c¢
CRF4 1. 69 +0. 56bc 4.92 +£2.00d 18.45 £2.61d 39.40 £0. 84a 55.70 £2.67b 59.59 £ 1. 84a
CRF5 1.45 +0. 21c¢ 4.44 +1.46d 19.41 +1.59¢d 37.72 £0. 35b 59.91 £1.28a 56.78 £ 1. 14ab

7 Note ; [i]—#1 A [A) 21 3R 22 53k 5% i 7K Different letters in the same column mean significance in difference at 0. 05 level
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Table 3 Effects of different fertilizer treatments on chlorophyll content in leaves of Chinese cabbage

4% Chlorophyll content

Qb3 A
T AR S e BRI lierRi]
reatments
Seedling stage Rosette stage Heading stage Harvest stage

CK 33.48 x1.41 ¢ 36.27 £1.46 ¢ 41.48 +1.51b 40. 37 +4. 80c¢
CCF 33.90 £1.04 ¢ 39.63 £2.91abc 43.10 +£2.52ab 44,97 £2.29¢
CRF1 38.43 £2.56 ab 42.53 £2.62ab 47.83 +7.22ab 55.63 £6.24a
CRF2 39.00 £2.41 a 38.93 +1.39hc 49.60 +4. 81ab 48. 63 +1.90abc
CRF3 34.23 £1.76 be 42.57 £3.23ab 51.93 £2.20a 46.43 +2. 14be
CRF4 39.40 £4.33 a 43.63 £1.55a 51.60 £7.00a 54.20 £3.92ab
CRF5 39.10 £2.76 a 43. 60 +3.08a 49.23 +7.57ab 55.50 £8.75a

7 Note ; [i]—31 A [A) 21 368 22 53K 5% i 27K Different letters in the same column mean significance in difference at 0. 05 level
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A AL IR A2 G I8 By it R B B CCF i 3.2% ~
23.4% , H CRF4 il CRF5 5 CCF [q2: R 5%, LW
PSR A BT T, AL RSN AR T 53 T Uit FH 35
W ENE, H A R SR EUBIE R SORAR o

2.2.2 O[] it AE AL BEGE R S M OB G R
(Pn) ZEBBHR(E) (5200 Fh & 2 B I gt A T

TR A SRAS [R) 4 38 b i i i P {EL. SR RE U, 4%
T NEAL L) Po {E 35 T CK, 4 B 3 6285 5 5 0
AbFRE T CRFL, x5 e FR il iy 45 R e — 3L
(2 2) , R = 103 8 30, o BRIVt AL Ji= 24 30d, 3%
A5 MR IR BETCRCAR, TR i B RS AE 13 5% 70
TN, AATT B TG AL SR R N e, TR AR T

20r BCK mCCF m®CRF1 @CRF2
B CRF3 @ CRF4 B CRF5

Photosynthetic rate (umol2s™)

Rosette stage

L5ERI
Heading stage

CRF4 F1 CRFS , Pt 4= 58 5% 4 A I8 52 e 1 P fH
BRI 25 R 5 I R L, R AR
FEFEWIN E 4,5 CK A EL , 45t A AL 21 22 53 R
F(E2) ., 45skWILUG , #4038 E (G354 Tt & .
IEAk, CRF4 1 CRFS () E (B AR R 17K
2.2.3 N[t AT A B X 45 R AUTAR 2R AR RO OK 3K
M A SRS R S 8 U (MDA ) & & 1 52

M2 4 AT, 5 CK M H, il AE A 21 00 AR 56 L 24 4%
N A AT AL B 2 ) 25 S AN 35 . X 1 I B R A
SR L B LR, PRUIESS BRIVIRE R b 355 1 U
K, Ah, CRF3 CRF4 F1 CRFS XFAR &6 11 1 fid
HEALT CRFL,

RCK mCCF mCRF1@&CRF2
ECRF3 BCRF4A®CRFS a

Transpiration rate(mmol m2 s™)

T B I

Rosette stage

LB
Heading stage

T Note: A [/ 4k B ] B A8 A (6] - BE6 R 22 ik 5% 18,38 7K 5F- Different letters mean significance

at 0.05 level between different fertilizer treatments

& 2

A [t I b B PR R A SR 1 R T 2 i 3 3¢

Fig. 2 Effects of different fertilizer treatments on photosynthetic rate and transpiration rate

F4 AEMGIEALEMHEREAAERABENNH S ELHETERF B (MDA S

Table 4 Effects of different treatments on root system and enzyme activity and MDA in leaves of Chinese cabbage at the balling stage

M5 e AR AL AL i S AL A i F ALY _
4 - " " o
Root-shoot Root activity SOD (U g CAT (mmolH, 0, POD(U ¢
Treatments ) . . MDA (mol g~ 'FW)
ratio (ngg ' FWh1) FW min~!) mg g 'FW min~!) FW min~!)
CK 0. 039 +£0. 000 6ab 24.21 +£2.88bc 99.59 £2.40a 5.48 +0.22bc 16.60 £0. 57¢ 0.005 2 £0. 000 3a

CCF 0. 029 +£0. 000 7abc 19.19 £4.41¢ 92.07 £3.30a 6.91 £0. 73ab 19.40 £0. 71be 0.002 6 £0.001 3bc
CRF1 0.027 0. 000 5¢ 22.09 0. 83bc 90.20 +7.41a 6. 80 =0. 71abc 28.94 +0.57abc  0.002 5 0. 000 3bcd
CRF2 0. 028 +£0. 000 3bc 21.62 £2.45¢ 107.6 +6.48a 4.61 +£0. 18bc 20.51 £1.02be 0.003 1 £0.001 1b
CRF3 0.039 £0.000 2a 37.97 £2.79ab 128.45 +4. 50a 7.71 £1.59a 34.99 £4. 12a 0.001 6 £0.000 5cd
CRF4 0. 024 £0. 000 9¢ 45.25 +4.97a 91.74 £6.75a 7.58 +0.29a 34.39 £2.07a 0.002 6 £0. 000 7bc
CRF5 0. 025 £0. 000 8c 32.45 £5. 71abe 126. 18 £7.94a 7.27 +0. 60ab 30. 21 +4. 40ab 0.001 3 £0.000 5d

7E Note ; [d]—#1) LA [A) 2 1E Fe /R 22 723k 5% i /K Different letters in the same column mean significance in difference at 0. 05 level

HI% 4 B AT LA Y, A BRI 7 SOD 3 22
SR {HY CK fl CCF AL ,4 F F il A BAE b
PRROMESE & MeAh, 5 CK AR LG, T A it AT A 22

MDA & ¥ 8k, H 25 8%, Fif, 5 CCF A
[t,CRF1 b BH Ay MDA (B 22 5% A 2.3, 1 CRF3 Al
CRFS ) MDA & 5ARAE, U 3L 50% o £ 0E Ak
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R H S BRI i CAT 35 P4 CK &y, Hor
CRF3 I CRF4 i) CAT {fitE 22 5 % . AU, (0 22
PR AT —E FEEE 4R i CAT A6 M. 45 il AT Ak 2 )

RE A BRI POD 5935 1, # CK FIl CCF 17,
CRF3 ,CFR4 F1 CRF5 4k 553X P44k BEAH L 35 25 52
B¥&E.

x5 AREELENAXBRXMA NO; -NESE

Table 5 Effects of different fertilizer treatments on content of NO; — N in leaves of Chinese cabbage

A & NOy — N content (mg kg™')

OB

Treatmenis Lt ) LEER Y et
Seedling stage Rosette stage Heading stage Harvest stage

CK 363.3b 664. 9ab 672. 9abe 588. 0c
CCF 445. 8ab 943. 8a 996. 5a 1192. 1a
CRF1 361.9b 335. 1¢ 389.7¢ 923. 1ab
CRF2 494. 4ab 516. 4be 708. 6abe 1022. 9ab
CRF3 414. 2ab 525. 3be 903. 2ab 917. 6ab
CRF4 658. 3a 366. 4be 777. 8abe 729. 1be
CRF5 376.2b 217. 3¢ 571.9be 588. Obe

7 Note : [7]—31) FLEAS [a) 7Bk 28 7R 22 53K 5% 5 7K F- Different letters in the same column mean significance in difference at 0. 05 level

2.3 AEKIELENABE NO;-NSE.ER
mRIREIR MM
2.3.1  K[w]jita AEAR FEXT K 2% NOG-N &5 2 i 5
M 5 A1, &40 BRI NOS-N 76K A SER N &
AR PRI — 25, -1 shE 2k
AR e, BRHE DA R GT AR, R SRS Bk
(AT RERE I P 3% 20 ViR 38 RE A 1y b S DA AR 1) 55 7
AR, 2 T e AE - HEHE R 55 70 15 B, ZE 45 Bk,
CRF1 () NO;-N 7 i i KT CCF; HoAth 4 Fh [ il (2
JEAE G REALHRR CRES Ab, 225N 3% . R4 Fh A
RS A 5 M R PR AIE K SRR 25 3K X — DG B I
(RFRA RN, SR 55 A WUt P 2 A HEAH 2 o 7R LR

HI,S P G L NOS-N & 59 )I¥ & CRF2 >
CRF1 >CRF3 > CRF4 > CRF5, 3 58 B , e (14 8 5 4
WA S B4 = Y CRF4 FIl CRFS AbFRIE RSO RE
B 5 R SR & .

2.3.2  ASTa] it B Ak BN R 2R T A R BT Y 5
M) H 22 6 1] UL, 4% i AT A B K 19 252 1) B Rk 45 Bk
iR CK Gt HEREE, 5
CCF HH L, #5602 T8 A Ak PHL A R 1 5 PR &5 1K T
HHAN0. 17 ~0.77 kg, o255 6. 66% ~ 35. 50% .,
4 T 8 LIRS A T Ah B PR 2 1R I A ™ R
U Hoy 4 LU A1) 0 I A U3 34, L34 i 1
BENAL B,

#6 AEBERLEHKXEARFERME

Table 6 Effects of different fertilizer treatments on yield and quality of Chinese cabbage
e PRSP f AR ALK — YirEZR C
Weight per plant Yield Soluble sugar Organic acid " Vitamin C
Treatments Sugar-acid ratio
(ko) (kg hm %) (%) (%) (mg 100g™)
CK 0.84 +0.11d 36389b 6.66 0. 11cd  0.487 £0.040ab  10.99 = 1. 14¢ 13.10 +2. 78bc
CCF 1.60 +0.03¢ 72963a 7.12 £0.82bc  0.607 £0. 095a 14.50 +0. 83bc 12.45 1. 42bc
CCF1 2.37 +0.25a 98889a 7.97 £0. 19ab  0.470 +£0. 046b 16. 17 +3.57ab 12.12 +1.29¢
CCF2 1.87 +0. 19bc 77824a 6.05+0.90cd  0.523 £0.075ab  16.81 +0. 96ab 15.74 +0. 96ab
CCF3 2.06 =0. 64abc 85787a 5.94 +0. 62d 0.397 +0.015b 14.94 +1. 15ab 16. 87 +3. 69a
CCF4 2.20 0. 60abc 87546a 8.31 £0.31a 0.483 +0.108ab  18.54 +3.48a 11.62 +1. 19¢
CCFs 2.34 £0.60ab 91389a 8.63 +0. 80a 0.453 +0. 085b 17.08 +1.47b 13. 58 1. 38abc

7 Note ; [d]— 31 A [A) T2 1 3678 22 53k 5% i 7K Different letters in the same column mean significance in difference at 0. 05 level
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NUTRIENT RELEASE CHARACTERISTICS OF CONTROLLED RELEASE FERTILIZERS
COATED WITH SUPERFINE PHOSPHATE ROCK POWDER AND ITS EFFECTS
ON PHYSIOLOGIC TRAITS OF CHINESE CABBAGE

Hou Jun' Dong Yuanjie'" Liu Chunsheng' Gai Guosheng’ Qiu Xiankui' Wang Quanhui' Fan Zhenyi'
(1 Chinese National Engineering Research Center for Slow/Controlled Release Fertilizers ,College
of Resources and Environment, Shandong Agricultural University, Taian, Shangdong 271018, China)
(2 Department of Materials Science and Engineering, Tsinghua University, Bejjing 100084, China)

Abstract  Four types of controlled release fertilizers, CRF2, CRF3, CRF4 and CRF5, were prepared out of a com-
mon compound fertilizer (N-P,0,-K,0: 15 =15 = 15) by coating it with superfine phosphate rock powder (SPRP),
which accounted for 0% , 40% , 50% and 60% of the total coating in mass, separately. Electronic microscope scanning,
static water releasing, soil incubation and a field experiment were conduced to explore characteristics of their nutrient re-
lease and their effects on physiologic traits of Chinese cabbage. Results show that the use of superfine phosphate rock pow-
der in coating markedly improved evenness and density of the surface of the coating and hence its capability of controlling
nutrient release, and the effect increased with the proportion of the powder in coating. The four kinds of homemade
SPRP-coated fertilizers had a nutrient releasing period, 58 ~68 days longer than the common compound fertilizer had but
still shorter than 88 days the resin coated fertilizers (CRF1) had. However, their apparent nitrogen release rates were ap-
proximate to that of CRF1. Besides, the four SPRP-coated fertilizers increased the chlorophyll content, photosynthetic
rate, and transpiration rate in the leaves of the plant during its middle and late growth stages, the activities of SOD, CAT
and POD during its balling period, the biomass per head by 0. 17 ~0. 77kg, the yield by 6.66% ~35.50% , and sugar/
acid ratio, soluble sugar content, and VC content of the head of the plant at the harvest stage. Comparison with CRF1
shows that they made no big differences in physiological traits of the plant. In terms of nutrient release and effects on phys-
iological traits of the plant the four homemade fertilizers follow the order of CRF4 = CRF5 > CRF3 > CRF2.

Key words Coated controlled-release fertilizer; Chinese cabbage; Superfine phosphate rock powder; Physiological
traits; Quality





