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BIOLOGICAL EFFECTS OF CONTROLLED-RELEASE

FERTILIZER CEMETED OR COATED WITH NANO-MATERIAL

ON CROPS

ABSTRACT

The effects of controlled-release fertilizer cemented or coated with nano-material were
investigated and studied on seed germination, seedling growth, yield and qualities of wheat and corn,
and nutrients of soil released in the soil column monitored in the leachate in this paper. All the above
experiments were conducted in the screen house of Soil and Fertilizer Institute (SFI) and the Changping
National Soil Fertility and Fertilizer Efficiency Inspection Station of China in Beijing from 2002 to
2004. The main results are as follows:

1. The security of four kinds of cementing agents of CF2, Plastics-Starch, Clay-Polyester and
humus acid-Polyester to emergence and growth of wheat seedlings assessed under the conditions of pot
culture. These results indicated the fertilizers coated by the above four kinds of cementing agents had no
inhibition effects on the emergence and growth of wheat seedlings.

2. The differential dissolution rates of nitrogen of controlled-release fertilizers were lower than that
of control, and the dissolution times of nitrogen of controlled-release fertilizers were longer than that of
the control. In the soil column, the release rates and of nitrogen of controlled-release fertilizers were
lower than that of the control, and the cumulated release rates were lower during certain time than that
of the control. According to the length of lasting time of nitrogen releases, the above four
controlled-release fertilizers were ranked as follows: fertilizer felted by plastics-starch > fertilizer felted
by clay-polyester > fertilizer felted by humus acid-polyester > fertilizer felted by CF2.

3. The nutrient release of controlled-release fertilizers could be characterized through the change of
available N, P and K during the plant growth. After bulk blending controlled-release fertilizers (BBCRF)
were applied in the soil, the concentrations of valid N and P in the soil reach two peaks at jointing the
stage and heading stage of wheat. During these two stages wheat needed a great deal of nutrients. The
trend of changes of available N, P in the soil from the felted controlled-release fertilizers (FCRF) was
the same as that of BBCRF. However, the changes of available N, P in the soil from coated
controlled-release fertilizers are lower in midterm and higher in late stage than that of the control.

4. The effects of BBCRF and FCRF on some physiological characteristics, yields of wheat and
corn were investigated, and the results showed that the application of BBCRF and FCRF increased the
chlorophyll content in leaf, increased yields, raised the number of seeds per ear, the weight of seeds per

ear, thousand seed weight, and reduced the number of sterile spikelet. 5. The application of BBCRF on



wheat improved the nutritive and processing qualities of wheat. It increased the bulk density, protein
content, thousand seed weight, total amino acid and essential amino acid, at the same time it increased
content of wet gluten, sedimentation value, falling number of the wheat flour, total content of sugar,
content of amylose and disaccharide.

The application of BBCRF on corn increased content of crude fattiness, protein content, protein
yield, content of total amino acid in corn seeds. The increase of content of total amino acid mainly
relied on the increase of lysine, tryptophane, methionine, glycin, glutamic acid and aspartic acid. The
application of BBCRF also increases the total content of free sugar, content of amylose, disaccharide,
glucose, fluctose. However the influence of using BBCRF on corn crude starch is on the small side.

6. The fertilizer felted by Plastics-starch was regarded to be the best, the fertilizer felted by
Clay-Polyester was the second best by comparing the tested felted fertilizers from all aspects.
Key words: Quality of crops Yield Felted coated fertilizers  Release characteristics
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1.1

1.1.1

BT B AERIM SRR TS R AR S G/ PRI AR i S e, i
WG/ R LRI SEAN T A, ANDURT LA AR L figf g B2 1 AR AL e i, vy L mT S IR
AL AN R B JE s g AP BACAE SR I I 5 PR AR S

1.1.2

(1) 2B m BRI 2 (1047 2808 it

NERLE EZ RN AE Rz —o WIS, AR R RIEEKIC A R e E KA e m ik, A
R BEEIE A . DA EDRAR ALY (FAO) IIZETHENT, 8 A& rh 5 A m 31 v b £ £
WIHr= 55%—57%, J /™ 30%—31%. FRIEBUN AL EAAGAER) A~ FIfEH . 1981 4% 1983 442 [H
A NERES: 4 7 4 [ G T Y BEAT T RS N A, 45 R 7 A FH A N fie ol 28 4 v B (67 A 3 [ R
(=, 4= 5000 MAK it AL S AEIEAL, KRR 41%., FOKIE ™ 46%. #3
eI 49%. /NAEHITE 42%. I 65%. M\ 1965 A, FRIEKEAL AL, HRE AT ET
MK, 1980 EFR[E AE AL AR 1269 J7, 1998 4% 4085 Jilli, 2002 4F>h 3665.67 Sy, i
FLEFEEM 15 B L, JRES: 5 AR S A (ZR5KEE, 20015 B4, 2004), FRIE O 4Rl ILsE
(A NEAE B 2 K [ . 1965-1995 4F 30 4 [R], MRS/ == T 2.4 £%, WiFEIAA D8N T 1.67
B (VPP 2000 4200 ARNEMAER, AR 2 ASE0 T U0 FRIE B T4 IEAE FH R Sk A
Mz ST AEARTRE, IER A A S, BUE MR A 30%—35%, BEIEN 10%—20%, AL
g 35%-50%, KT AIEEZK 15-20 NH 4 FEE S, 2002). FARMHIRE, KHAFEh 60%,
Sk 45%—50%. A THEEIERI A 2, RENLEVRHS TAEE EIEEOR AT K& SR 4
J7, il AHFEHUEREC G R B, SPEEIE R AR, AR R ) A E A 2 UGB T A
NEBARAE o X LR 25t B ARTE AV AE = b S i A BRI 2R B T I, AR AR 24
TR & — e BRIE R, AR AARAS L Ag A A IEFI 2R A 1) . R, B T ARSI i 2t
NEEERZ AN, T 2S5 RZME A, FHRIEEHEET A, F PR AR & 2 — AN F B,
FENERR S HRE B0 SR TR NERAAHY) &, A e KRR A IERERI I 2. 22/ REIERHX —
FRTBEA R AR R FH 2RI 00 ) 2 S T3 1R R A (RIS, 2001), TR BEARTEL% /1%
FENE L f0 B F A X — AR T H ik, DRI, 20 tH4d 80 “EAR LURES B FIZE R IR C o1k
JIEL 5 R 5 0 A 5
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(2) /D IR BG5S SRR A & 1

2000 ARG VLR WL R AR R 2 TR W, SR i
GER RN, ERAIREIIIEG Y, WV K AURNE B G5 3R 50% 4547, Horp RV R ST
ey 35%—40%, FALTT G4l 10%—15%. 2002 FFFEEIE (N FHE 2600 S, 254K 50%1
L, WA 2 1300 J3 ik NORASIRIKAR, $réREs 2717, 4 J3mli, #r& AR K2y 258 4476, A W,
ZTF R BRI . 1998 4, FREAGHUE 579077 A S B KL R 40 A4, Horp NEFEE 29. 1 {20,
RAEYIFEFT 6. 5 44, IR AR K 2. 5-3 44ml. XECTHUR T, A KL 30%MEMFEFT B
BERe: SOl AR TR BLIREEA EARIFRAT AT B TR A KR R ik 25%—30%. X FiREAE
XPJRA LR, 4T 729 KK, I E &Y HA 57 KB R, WRKEUE 2-3 %, A
RAEAE, HoR 672 KRR O B2 R BRI mZRA, AL ReRmEE e [ b K
B JpUE V 2RbRAE 100 £5 LA F.

WANUE ST AN — 0 TR 22 /R Nk, i MR B8R, B &, AARA
AR RIS R TR e ) /R, TGRSR 5 R I N RS S AR R, B2 D fe AR, i
T TN R S
(3) JEMFPRRFA SR . AR B iz —

it I B 5 e A A A0 ) A R R A 7 it it T o R A 7 A TR o T 3 b 5 4 AR 0 i R A
FSCAS S R B2, AN BRIt N A s X S MR IR () 2 “ SRR 7o AE A EW T, dbnti
SRR B o Bk 2358mg/kg L B b 217Tmg/kg s LR TN AR RIS 4y B SR h ER AR £ A
Hilbr 12 £, RESER. AL HS . e AR A —, e E A =, T
JNEE Z AR ANUICAEE . B Pl e, REKKS &R, W/ RIAEE, STk, i
FRCR LA 7 it it i 2 R 8 2 AT ) 32 22 S PR AT USRI BT It FH B 2R 0, AR E )2 B —, Ul
Ay R ITCHE LA P IR LR /A BB T, 3 AR ™ W IR A s R RO
RN R R R B R i 2 — o
(4) PR RIE LR /42 R A1 3 A e &5 0 IS A4 LS 21 18

LB NEAE T % B 24 I MU BB R AR ORI, AL BB e 25 SRAN[R], - 7 S 8 i e F
B R/ BERNDE TR LA kg s, oA S OB B % . HARTEZZRIEEL L)
KWL, B RAT IR R LRGSR . QKM BIRRAAE  — A R AL A5 E iR
PN, WS SRR AUSAN S G o RN, GOKARHR A e S A S M BV 2 0 5 1k ek )
K m BUIERHR TR RE . GURAPRLEAT BN RS, A AT IERRL 1 AN B e A7 WA AR, AT A IE
B EA D HAED, FE SO A K o GURARNI) 5 — AN TR SR R I, B
NERPREARAR N, LRI N, AT RAL, HILVFZ 0G0y, I AR A (AR RN i T B 2 W
Weo G358k, FARTRL ) 70 T APREEAT R, Pl ) EeAL Ge o AT RLFRLEE 2D, PR
PEr R/ RENERE, AT R OR ARG e / 42 RENE 1 3 A

1.2 /

G/ PORNERL T UL 40 SERORESEIITR), HAL IR, IR LT, B, Bl
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SPHERHA AR RAE TR Z R, & R, IR T & B0, 2] 90 FARH I, Rk
(A ERAE = 5 A 50 J7 t, b, SEEDEERRIIA =R . HAET, 58 EF H AR R ) 2
VORI I AR ot AT A, (A5, 20005 P75 R 2002; Tangboriboonrat, 1996). F.7E
1974 4, HEFBFABERE o LR R T OBEERICEHI, Bt SRR AR E &
SRR IRV BE T AR GR T Sk, IR T AR = (F200, 1997 VFF5 G, 2002). R4
PR NERLRA B E M A O Sorb s diai, AR, A MR ILEHE RN, BT, RBeIBUR I
IS BT EAEAEA D ) B (Shaviv, 1997; Helay, 1997; JKES, 20000, [k, #i#s s
BN, SEHEAAAEAE TSN, ARMESILAE R IR W, REHERNERL 2 T 50,
MRSl e (IK~F, 1996; #TX540, 2001; B8, 2002). Kk, W2 R TS IEER
FEREAPRLRIE B LB TT R SE R AN HIBEIT AR, B PRAORL I e A A T2 B, Hntk <
5% s 20 N O 02 R N E R VAY o i 75 NS

1.2.1 7/

HRAE G BERPRLFI I T 07 AR, KB A =R QR ERL . 23 s 20 Ak o i
SRRl (B4R, 1984; BESE, 2000).

(1) AR R
O ek

E IR e A RO e MERSR LS F AR 538 Ny Py K FoCE 2 Jo ek (s JRER
TR . WRIRYY . BRI AR . WERRAR. WERRAD. WRRATS) . SMEICRME SR, SAEY
B FRICR I Y5 . VEAERLO X SR K L, 5 TR, R 25 5 it i
U, R AEZH REB I R, IXFPI G B Sy, DRI AT AR X e R A i g )R
JERBH - B A 28 FIR IR IR A, T T R NE ) o 56 fe LT e A RIS R A 5 . 1961
SETVA £E 1-Tke/h 258 EHHT THRBURZ /MR, 1978 FEAEEE t/hSCU MR, M/MRF
BTN 17 3. 2 )5 ST T AR AL (SCK). CURTERE A% (SCP). “FERAc 2 — BRI &
W7 S HARTERF R SIS EMHR, P20 T AR AR B8 1 v IR SR04 s R
Bl fRiFR POCF L&, ZUMEHFZHEREK (PE) — LM IR ZIEHEN LR Y (ethalene
vinylaccetate, EVA) FITCHUIHFSRNE AR T4, PE nTES/KiB@E MR IMEEL, 1T EVA fETE
JKIBIBETER B, K PE 55 EVA SR B ELBIR A, MR R REGE R, A 48
AL LAY A B AE TR 00 BT B R AEARZ I H AL A (JP, 59, 35874[84, 35874]; JP ,
59 , 137386[84, 137386]; JP, 59, 35875[84 35875]), LLIF & Wl Hk AWy G AR It 58 S 4u
HEENE AR A EL AT AN [ 55 20 e TRORE 2 PR A R E R K 4 o A AR ) T P P S I 2 — S v
. BRI T3S, ORISR R A, IERLOBRER, E R
Ky, ATHERME RIS, TR BIZERE H 1. 5 AR R A] 23 24«

RAR T IRE: QR VER S ILATAEY), BThAe, HeRIRTUR G, iU, )
BRI, P E R, FAEIRERRS, HURIESE (Song, 1996; JP, 59, 35875[84 35875];
Nakamura, 1997; Andn, 1999).

AT REY: YRR, WYL R RIS AT, e, SHER,

3
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BERRIRVERY, FRleHE. RTIEIER, CMERIER, RUEMSE: MARIE, RS,

BT T REY): BIGRRRBIEM T, RN, ROMER, WWREEER, ZmWE,
NI IR, AN (Ibay, 1993; Waxman, 1998).

TRFCER S 23 TG Wk M AT AW S W IR TR C I ek

AR oW S PR D L ZE IR EL D, 78Sk b WA il (Golovly, 1986).
MgNH,PO, * 3H,0 (JP, 59, 35874[84, 35874]). w:fgsh (JP , 59 , 137386[84, 137386]). Wik
A5 (XFESL, 20005 Jimenez, 1987). Py0s/CaOEE 1A LA Kt S8 Ak MIA 04l B R TEH LT RIS o
QBT RN

SIPIANTT AT, — R IERL e R BRI 3, 4 1 B 1 IR AR B AR T 55 K 1
= TREWT, WG, Er T RG], SOZNERHRE R TR R
JHC JEE E T 20 B R 1 T ST AR 2 5 ey PR 7] B At ekt 2 FHAZ IR B 4% (Tbay s 1993 ; Waxman,
1998; Matsui, 1986; Honma, 1986; Okonogi, 1986; Wioiams, 1998). &2 4BIR A IKINIE
BE, FHAN[R) B 2 PR ORI A 7 75 03 R RO R AN TR R IR, AR AR AN [F) A & 301 ) 7 N A
FRELHIBIR o BT G% /R NERIAE B A SIS 22, o) v
(2) fe 2k B BT

PZNEREH AT S ) AT S SR, A S VS 0 R Al A SRR A AR, Y AR R E
TEPE, JRZE PR R I /KRR 2 A B AL — SO AR AT B R R G218 R BOR D 461 2K
IH R (FhRIL, 1979; 4%, 2000; JP 59 116185[84 116185]); /& 38k 2 77 £,
JBE, T SRR, SR IR
QORI A 310 561 77

F T IR B A A AR A S R 2, ) 5 EUIER G SR N0k . KSR S bl 2 )
M ASE R DCD (RURNL), PRI L, MM e 7 2R I #.
@ HA T IR T R IR

LR IG TR PRI SR Y (EVAD WU i) T8 B 7], SO B 75,
BV AR R 2, EVA VRN B bk, SERRCRAR G . 3 31500 I T B R0 R 0t 7 1)
Wil .
(3) BMEZRe LR

JEF e T DU B ZERE 1) H ), n H ATt A 00 0N R 2 L b i —Ffr, eHEI L
SRR P ORI, AR FC A o b ARG 38 NI FE TR H S 55 TR T] ) 18k
A, FIRABIBERA AL, I 3%—S%HA AL, WG A 30%—40% AN F I IR ZE, W]
FRAF IR R 75 o

1.2.2 7/

PEOREIL A 20 Tl 40 SEACRTERUR, AMTRIJT A 7 A REVE RERI VR Jridk e Oert 11 AT Lunt
(1962) PAKHIIR £h 22 rF 0L SRR W G WAL L E JR 0 o, ), P2 B eI s
T TR ElTRFERILERA R, SRR, SRYEAR, R250BAS 1.
FRAERIPEOY 55
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(1) 7K Rk
KX W AR HE & R 2 (Comite Eauopeen de Normalisation, CEN ) i & 22 £ It Kl

(TC260/WG4/TFsrF) {rKH (25°C) FRBEHOHZ 24h ANK T 165%; 28d AEEId 75%; ERIE (1)
IS i) P 22 /DA TH% BRI (Trenkel, 1997). Blouin 4§ 1971 fFE4& HA ) 7d ¥ H H35 W& i 0 5 R
# (SCU) FIER AW e i R P BEPERE 5 FH I a2 77v% (Christianson, 1988; Salman, 1988), i%ik
JE¥s 50g HERMEE BN 250ml K (HEZKEE A 1 5, JE 25°CAaAdi), 7 RN, FERIERZIR
JEE DU 58 5 00 R TBA 2 o T AT A0 BB FIE R )R FH A1) 0 HH 238 I R 20 R 3R VR PR S R i
LR SCHESS, 1983) 0 J7i /e MR 12. 5g JERMEM, I 250ml 7K CHE/KEGSA 1: 200, F-30°C
TEVRAR T BCE 24h, WERBUER D EGSE, K TERE RV 5 i . W12 H A R R 1
Fror i R A E IR E o fr i A IENERRRE R R IS K EEfIFE 30°CIEIR AR i E 7d
(168h), WMIEHHIFED &, BIATF3EI58 1d 258 7d Z MR RRTF W H R, B % H
o W HER ) =[ (RBIRNBEMEEX100/RFEP R &8 WIRBEHRIX[1/ GRER
=10 1o WIZ0HS H e S WS 6 40, AN 5o 3 1) IR B, 0 SR AN KT 40%; 1
SRV RO VPR B e R DR, PR R B TR A B &, K2 B R R R 7 %
HRA 0. 25%-2. 5%, FH5L 1, VFZRBA0AR = Al )55 A7 VRN BERHE: B A PRl s T vk o 91 5
Scotts AH] . Puresell TMVANH] . LI{A4) Haifa th25 208 5 LAREIRE 4 ZE K E (21°C) B 80%
YENEBEWAEAEEL Osmocote. Polyon. Multicote HIVFEHIFRAE; 1 H A Chisso—Asahi Ek}
ANE M PUBE 75% (25°CH VB MBS RACEl Nutricote Meister HITEHIFRAE (Shaviv, 1996),
P LR P S it JER 2 =) 0 AR R N K AN [ I T i A A0 GRS R PRZED R H AR R o
#r Luxuriance (EHEEMEIEALZE) Al Luxacote (luxecote) (A Ma @i WE) WA~k
EHIbRAE, LL48h 7K (25°C) ¥ FAN T 60%E N AL FRiE (VFF5 A, 2000,

FRAS K T 2 A 2% S8 K 4y S R SR IR A B - I BRI, T FLBE A IR A R
e R IREERR, AR R TR S B Il AT . Oertli FlLunt (1962) F 4 0. 005mol/L
(FINaCLB IR $h 2 il T~ 21°C R IESE 9 FRAR T 10g AN R T Co st )5 B2 KC AL L, I LAy it CO. 1)
AR (B71ECOBEN), A A SE R AT I e B IR B &5 SRR, B RS
JRCTH 5 57 S B SR . BB TR (1999) BRI L. BEOF (20000 HYbAEVE, R L
UK, R SR SRR, A I TA) Y IERC IFR A MBI R U
(2) g Rk

HERRE N K rh s o 2 1) 2 e i 5 w45 1) 577 20 R T 230 RS SO S A e AR R P R ARk
VEDI R PEAE I 2R RE R . DR R s R IERE TR 23 B A 0 gl AR ) BRI A 4, R o 7 L3
M RAE— RV, WEFIEY) A, SRTERITR D LML), A (] Hh
TEIAIA . Bk, BERHIERCHZE KT IR R AE K B b R 8O . DR, — 282 5 N T35
R, SRV R I 57 20 B TR

Oertli F Lunt (1962) % 1kg ¥ 145 30g MIRCLMALENRS), ALK 60cm. 1% Sem [
HEFLPIAE T, PRI e SO, I R AR Uk, S 10 A, BRG] 50ml 20
JKAN 2%58 0. 5% SR CTFEE N 2%, LUR R 0.5%, B H TR0 LmEy) okt
JERHEA, WM RO b (5% & i, Patel I Sharma (1997) FH2RABL 572 H %1%
KRG AT, FEFRITACIE 17 Ji o N AR i) e Rk fe HA T R i I R K, B

5
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A AR KR — R T K A (Holcomb, 1981). Holcomb (1981) & Hi {7 v ) v 5 Jilk
XANMER A TEREA R I SRR A W A TR — N B R, ROk ARG
WIR KA, A= AR R, SRR T B 77 20 B g i I g N, o A
FURBOFNE T & . R4 (1998) HHRUEEE N E T Osmeote (13-12.92-15.29) fil
BB %, JEE— 59 @3 Luxecote (18-6-12) JERFH A ZRIMIE . M4l 1438 55 52 pr 1
AT X 5, PRI Paramasivam 25 (1997a, 1997b) R +4E IRk de—T4 (B53%) 7 :UBidl
HH [ 45 A LU T Meisters Poly-S CREWAMIKE) Fl Osmocote [HFR BB FEE . HL4E
7 (2002) S5 I H RIBE 2 S0 bR B gt is LA, DAB R ZKOESE 5 ks, TR A RR LR +
B IR R G R, A S R — B

TAEMGEE R IR IR E 4 N, — 28223 (Sanvant, 1982; Gandeza, 1991) K FH B A0 12
BEk (S5 REE) BN WAL T3, b — B[R] S R0k 437 3 v 1 %
o3 i LAV 8 TR RO e o IX PV I LS T2 AT i S I IR I AR/ SN IR 22 /b
FMNCATEIE P A JERHE R b i, Sk, RmiA iR Z= 8 oK.
(3) IRl Z R BRIk

Shoji (1991, 1994) 2% W H] "Nbxic £ R WF5E 7 POCU-70 (polyolefin—cote ureaZ Mt 3
#, 70 RERFRIBEBORED 16 H I 5 AT T R R BB ER TOKRBOR - DGR . 851K, 10-
30 °C ¥ [l Py POCU 2 AR i 2 i 55 A i) . AR sk R 3 B I S R T — o0 IR G FE 3R
CNR=a+b (day) +c (day)® (1)
CNR=a+b (CT) +c (CT)* (2)
SFONRK RBEERIE, % day NI, ds CTOHASSEL IR, C; av by cHH %L, POCU
TN T35 TR R FE R AR, AR B I TR] (R HERS B JBCR B T B AIG, RATE 126d 80 R AR IR IX 2]
2300°CHY (B, RFUBINRIAR] 80%. J3— 7T, F AN ZEE IR ith 26 5 Ly “S”
ek, iFWIPOCURE I 25 v] LA & FORIEAN A MK, AHR I 2= MR IE 2] 60%LL s
PLPNFRICHIPOCU-S100 BRI, 7K RE Rz s it 0 RBURE HOH 2% 87%, NZ[HICRIA ] 79% (1991).,
RIS 25 7R 2% R 5 B ST e ke P ) S B O, AR KR A i, 17 HL 7R BRI, — R
FEHELLTE
(4) AL

Gambash (1990) M\, 7K 28 i B8 1) 47 H0E N HERHRSURE P 308 A2 AT ARH R T J3E 1) e s 2D 3R
b v oF T A DA SR K 2R ORI, ANV AR s R R . ik HX
10-30 F ORI BT CARE SRR b, SRS FENERRE U ACBON— I Ak K bk 7K 28 A
(0 T AR S i 2 v s TR St R AOR A 908 4 T, ARG 0 AR A e 75 0 IR TS R
XTI I 45 R 50 E - IR RHR AW I8 0 B JBOE e P A 4518 02— U, iR 2
XEPP A BERHRURE 9 5T 4 Fe 3T 2. Kobayashi &% (1997b). Fujisawa(1997b, 1997c) S5 Al
Hanyu (1998b) %5 F 2 BLke B0 FE T A% G B IR IR 23 T JB0H 6 KR TR, 45 Hh T AR FRDRE T80
o R TR T s 2R MR ) )3 H e 5 S & SR A W 5 1
(5) HLEBYEV:

AR — L L (electroul trafiltration, EUF) £iARN H TP R MR REME
fie (Hanyuu, 1999; Cartagena, 1993; Vallejo, 1993)., Diez (1998) ZEffi€ T EUF I Ti=K

6
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BESEMY Y TAE 4 F: EUF-N I: 30min, 200v,20°C, 15mA; EUF-N II: 5min, 400v, 20°C, 40mA £l
5min, 400v, 20°C, 150mA. Vallejo 55X AR F AR 255 H5 tH EUF-N T 1] DARAETR 73 B 501 2k
&, 1M EUF-N TS5 mAa e MG 5. EUR-N T fI EUR-N 11 3506 605 B (s ni B, A7)
(RIAE 55 7 Fh s H e R o B B R AR OG . AR i, TR AR . AR R A
PER RS )5 BUF-N T . EUF-N  (T+11) ik G 28 ol & 25 (M 56k, 15 EUF-N 118
IR 7K AR, B EHAIH EUF BARAM ] DR IR RO T 145 B, 18] DU R 2k
THOL, A MEHRANT R T

1.2.3 7/

T BN RATIL T 20 0] — 5 1v) -t IS P D, DRI T8 o 17 REDR R 26, ] DAL AT (2
LTS R -

KA (2001) FRHE (2002), Kaneta(1997) Z5M5E 3 MH, ZKAE— R It 2R AL 15 4
B K TR B AL, W G AS 65%. Mikkelsen (1994) 25347 E Ik 2k 5 HPRBOT L SEA R 56
SR, A EUEAE R RIS, SRR A K S R AL 2 R T A T AR R EUIE, TR
I} Shaviv I Mikkelsen (1994) 1A A ¥ R NERHE 5D PR 8EAE B R AR 45 v 75 23 A FH 203 1) %
EFB.

427K (1996), KM (1998), MM (2001), Shoji (2001) HUSZEGEW]. 7EKZE. /I
P N L AN o/ SR 2 £ i CORRE o8 s R W (WD R R S (7 [T == S B o S5 s S
BENEFINOBRAA R IR FE BRI 1/3, HEAAF AN B R B A T A G Lk, [m] I 4R A
MESTERZ HAH A I LT A2 R ZS K 2 £ o FEANSEI0 ZR G0 b N [HDSC e 2 FRE O 1) ot v, SRR BB )
BIIAFIINN 1. 9% BEZAEEFr AR NLRR LR EF T K IR A 6 T8 e s K4 i UL 1
R, SRR k.

TR AR B2 B (20000 7 HH 500 4 M Luxecote A R B, 45/ % Luxecote 1] 153 5| £
57. 2% A I, JadEE, feh [, 25 FrAl R 2 ) 1%t LuxecoteZH i, EAIH AT 9> 10%,
1 FAZm [y R K GER HINO [ B T e % 28 3m g /L, MBS M4 W B .

FRHE (2002) 7R85 B BB AER LR L, fERIK. b BallfEH b, e
FERNEH IS ORI A TG R UG, BTG, (et R E . R R, B8R
AL F] 72. 6%~86. 9%, HLAFE R A IKRE-AIE 41, 7%, ar85480 (20010 WILAIRHEE. Rz, i
TR PR RN SUAG B A k), 3L S PRI A B 95 0, JE o v e ) 2 RN RHAE A, B R B, Ll
THNEARLIE ™= 12%~26%, [ I AT ARG R 0 79 38 5 3%

FFEoR (2001 7EHADIM RIS (LP) $RBEIER— KRR 5 /R 35 B o Uit 3R AT L
BARY, N NARERIEIF T T AN R AL AL BK R (K U R IR R %6, 25 R, Bk L
JRE PR EE (LPS-100) #% 1 @ 1 RAG MM i s, B ULP-100 K~ s, JRE
/LPS=100 FILP-100 — K FEjifi, %05 FACE MR A ROR W 5 m T IR R o

M (2001) FFELLRIRE KRR @ FREY), ALY E oot T s ie e, £
HH (RS R B, KRG AN 70 H B BB b e i) CREAIE = it 2, DRIE 70 [ AR 42R IR e il 2
IKFEA IR E T2, ZNRME R 2 Ek 72. 3%, LR & 36. 5%,
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(1 HTHEBEMEL, B/ T2NER, SUTEBIEEMNS R SA T, —Bou 5@ eEr 2~3
o T AR RENERI RS, WFRIRITHE R A, . BRI BEADRL Tl B TR i) G et
(fafggA:, 1998; FEE S, 2002; #ALE, 2002). BUZESSRM BHOHTSY i N ICHL 10 A
U, B AEKBRME b 152 45 G0 IEADRE Y. F T~ S 42BNt B ok 3 — S R A #  (TK ORTE
2001).

(2) AFEEBEM B IEEDR BB AF 1), AFETESHFRATEAR N LI, AEKED
EREBRSCE AR K IE R T ZE R R A, A Y A s T B, R RAEY)
AR, AR/ RO TR AL, TR 2 NS TR B, SR IR A
e

(3) HTREL . RGBT H TR LR R 2 AR T 7R R 4%
B b, AR BE R, PRI R R PR ST.  H TR 2 LUK EREIE S
JRETEAIERENE, FIIEFZELAGARE . RIRFI BRI, A X5 ki A2,
FERPEREEE . B, b AT EICE, TERERRR R AR IR B SOk SE A HER .
(4D G2/FRNERHERVERE N ik B IR ZH0E, H2, SRS EBER A Ao A
ANIF], TR R AR 1 Be A AR ], 2 S — R kRitE . b4k, SR ENE 240
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1.3
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Jila) B 5. 56 T 2002-2004 4 7L H A A7 g LM B R S AR B
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2.1

2.1.1
2.1.1.1
CF-2
9428
2.1.1.2
100
1% 3% 5% 10%
2.1.2
2 99%
2-1
Table 2-1  Effects of cementing agent on germinated rate of winter wheat
0% 1% 3% 5% 10%
cementing agent
CF—2
100 100 100 100 100
100 100 100 100 99
Plastics-Starch
100 100 99 100 100
Clay-Polyester
100 100 100 100 100

Humus-Acid




2.2

2.2.1

2.2.1.1

0.879.kg™,

2.2.1.2

NPK

2.2.1.3

2.2.2
2-2
NPK

CF-2

76mg.kg™,
9428

N 15%

4.1mg.kg™

CF-2

P,05 8%
pH 8.1

3
1.59g N P0s
1 CF-2

95%
12 9

10

CF-2

K:0 8%

16.4g.kg™,

90mg . kg™

8kg
KO 15 8 8
2

7

NPK

0.699.kg™,



2-2

Table2-2 Effects of controlled- release fertilizer on seeding emergence and growth of winter wheat

Seeding rate dry weight Leaf area chorophyll
Treatment
(%) (g/plant) (cm2) %
CF-2
97 0.148 4.46 0.25
Felted by CF-2
96 0.159 4.90 0.27
Felted by clay-polyester
98 0.158 4.71 0.27
Felted by humus acid
98 0.152 4.39 0.28
Felted by platics-starch
95 0.133 5.49 0.25
Coated by clay-polyester
98 0.172 4.76 0.25
Coated by humus acid
97 0.127 3.81 0.27
Coated by platics-starch
NPK
97 0.134 4.45 0.19
Fertilizer
97 0.116 4.28 0.15
No fert.
2.3
4
99% CF-2
4 NPK
95% NPK
NPK 4

11



3.1
3.1.1
3.1.1.1
pH 8.1 16.4g.kg™, 0.69g9.kg™,
0.87g.kg™, 76mg.kg™, 4.1mg.kg™ 90mg.kg™
CF-2
N 15% P.0s 8% K.0 8%
3.1.1.2
9 1 2 NPK 3 CF-2
5 6 7 8
9 2 .,
100g  1mm 50ml
2.00g 20g 10ml
48h 10ml
2d,4d,6d,8d,14d,20d,25d,30d, 35d,40d 100ml
3.1.2

3-1 7/

Fig.3-1 The picture of filter tester

12



3.1.2.1

&)

40

2d 4d 6d 8d 14d 20d 25d 30d 35d

3-2
Fig.3-2  Release rate of fertilizer nitrogen
3-1 CF-2

NPK

50%

13.74%-16.62%

10.16%-12.08%

3-1

90.32%
6.84%-8.70%

NPK
14
25 9.52%-10.88% 30

1.25%-2.65% NPK
70%

14 24 .12%- 28.62% 40
CF-2

13

40d

3-2 NPK

CF

10.15%-11.89%
8.98%-10.21%

14

58.30%-67.68%

81.08%,

20

48



3-1

()

Table3-1 Accumulated releases of fertilizer nitrogen

2d 4d 6d 8d 14d 20d 25d 30d 35d 40d
Fert.
NPK
4.01 15.32 68.43 76.26 81.082 81.77 87.62 88.71 89.80 90.32
Fertilizer
Felted by 1.42 4.19 7.01 11.77 26.11 41.30 51.90 60.58 62.99 65.17
clay-polyester
Felted by 2.33 5.09 7.86 12.66 25.45 36.86 53.19 59.64 62.59 64.93
humus acid
Felted by 1.25 4.10 6.84 10.54 24.12 38.11 47.70 53.38 56.17 58.30
plastics-starch
CF2
2.65 5.58 8.70 14.29 28.62 42.59 54.41 63.09 65.50 67.68
Felted by cf2
Coated by 2.50 451 6.300 9.10 19.95 27.61 40.94 49.92 53.63 55.92
clay-polyester
coated by 1.84 3.61 5.34 8.10 19.98 30.22 42.94 52.84 56.82 58.95
humus acid
Coated by 1.85 3.67 5.32 8.20 18.35 27.34 38.71 48.92 52.96 56.13
plastics-starch
NPK
6 5.32%-6.30% 14 18.35%-19.98% 40 55.92%-58.95%
3.2 /
3.2.1
3.2.1.1
:N 15%

P.0s 8% K.0 8%

14



3.2.1.2

5.00g NPK
1 20
5.00g
oL
-1 ]
3.2.2
3-2 ,

1.45%-2.07%
8.28% 12.42%
8.28% 0.62%
0.78%

3-2

Table3-2 The primary and differential dissolve rate of fertilizers

12.42%

><100/

34.86%

34.86%
0.62% 1.16%

1.16%

100ml
N
1=<[1/
39.56%
1.45%
10.75%

Total nitrogen

Primary dissolve rate

fertilizers Differential dissolve rate(%)
(mg) W(mg) ()
750 284 37.86 2.07
Felted by clay-polyester
750 297 39.56 2.01
Felted by humus acid
750 261 34.86 1.45
Felted by plastics-starch
750 81 10.75 0.78
Coated by clay-polyester
750 93 12.42 1.16
Coated by humus acid
750 62 8.28 0.62
Coated by plastics-starch
750 550 73.29 2.67

CK

15



3.3

14-25

NPK
50%
NPK

CF-2

16
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4.1

8.1 16.4g.kg™, 0.699.kg™,
! 90mg . kg™
3 20% 25% 55%
3
3
3
3
3
3 8kg
1.5 N POs KO 15 8 8
(Ck2) 3 4
7 8
2 11 3 12 4
2002 10 15 2003 6 2
30

4.1.1
pH
0.879.kg™, 76mg.kg ™, 4.1mg. kg
1 2
1 1 2
2 1 2
3 1 2 CF-2
4 1 2 CF-2
5 (U (2) CF-2
N 15% Px0s8% K0 8%
9428
8578
4.1.2
13
NPK
1 (CKL) 2 NPK
5 6
9 1 10
13 5
2003 6 20 2003 8
4.1.3
1

17
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0-20cm 0-20cm
2 1999
0.2mm 1.000g 100ml
5ml 2 70%-72%HCI0,
20min
10ml 150ml 2% 15ml
10mol/LNaOH 10ml
80ml 0.01mol/L(1/2H.S0,)
HCLO4—H.S04 5ml 50ml
30ml 2 6mol NaOH
5ml 30min  700nm
2.00g
2ml
1mol/LNaOH 10ml
40 24h NH3
0.005mol/L(1/2H2S04)
0.5mol/LNaHCOs 5g  250ml
0.5mol/LNaHC03 100ml 0.300g 30min
100ml 20ml 5_0ml
0.5mol/LNaHC03 20ml 50 ml 5ml
30min 700nm
NH.0AC 3g 250ml
Imol/L NH.0AC 30ml 30min
3
4 1999
H2S04-H.02 0.2000g
100ml H.S0.5ml
300g/L H.0.10
10-20min H.0,5-10 2-3
5-10min N P K 10ml
H2S04-H.02 20ml 50ml

18



2,6- 2 10mol/LNaCH

10ml 15min 450nm 752
H.S04-H.0. 5ml 25ml
80% 0.1-0.2g 2-3mm
100ml 80% 36h
752 663nm 645nm
mg/L  =8.02Ass:+20 .21 Aess 1998
= > x0.83
4.2
4.2.1
€y
4-1
NPK -
4-1

Table 4-1 Effects of felted controlled-release fertileizer on yield and factors of yield

NPK - -
Treatment No fert. Fertilizer Felted by clay Felted by humus acid  Felted by plastics
(cm)
36.4 48 49.3 48.3 51.3
Height
(cm)
4.4 5.7 5.8 5.6 5.9
Lenth of ear
12 15 14 14 15
Spikelet
7 5 5 5 4
Sterile spikelet
6 12 15 14 14
Number of seeds
(@
0.195 0.630 0.673 0.652 0.697
Weight of ear
(@
2.79c 7.147b 8.208a 8.002ab 9.111a
Yield
% CK1 155.80 193.77 186.40 226.09
Increase production CK2 14.85 11.96 27.48

19



NPK

NPK

4-2

4.33% 2.70%

Table 4-2  Effects of coted controlled-release fertilizers on yield and its factors of wheat

NPK

4.25%

4-2

NPK
Pr F 0.0001

NPK

NPK

14.84% 11.96%

T

NPK

NPK
NPK

27.48%

NPK

CK1 NPK CK2
Treatment No fert. Fertilizer Coated by clay Coated by humus Coated by plastics
(cm)
36.4 48 47.9 43.6 39.4
Height
(cm)
4.4 5.7 5.7 6.2 5.2
Lenth of ear
12 14 14 14 13
Spikelet
7 5 4 5 4
Sterile spikelet
6 12 15 13 13
Number of seeds
@
0.195 0.630 0.680 0.668 0.702
Weight of ear
@
2.794a 7.147b 7.457b 7.340b 7.451b
Yield
% CK1 155.80 166.89 162.71 166.68
Increase production CK2 4.34 2.70 4.25

20



NPK 203.15%-
225.38% NPK 18.51%-27.20% 7
T NPK 114
5 2 3 4 5 2 3
NPK
4-3
Table 4-3 Effects of BBCRF on yield and its factors of potted wheat
CK1 NPK CK2 1 2 3 4 5
Treatment No fert. Fertilizer BBCRF1 BBCRF2 BBCRF3 BBCRF4 BBCRF5
(cm)
36.4 8 50 49.6 49.3 49.8 47.7
Height
(cm)
4.4 5.7 6 5.7 5.9 5.8 5.5
Lenth of ear
12 15 15 14 15 15 14
Spikelet
7 5 4 5 4 5 5
Sterile spikelet
6 12 17 16 17 16 13
Number of seeds
@
0.195 0.630 0.738 0.674 0.777 0.673 0.671
Weight of ear
(@
2.794c 7.147b 8.774ab 9.091a 9.019a 8.670ab 8.470ab
yield
% CK1 155.80 214.03 225.38 222.80 210.31  203.15
Increase production CK2 22.77 27.20 26.19 21.31 18.51
BBCRF  Bulk Blend Controlled Release Fertilizer
)
90-95%
4-1
NPK NPK

21
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4-1

Fig.4-1 Effects of controlled-release fertilizer on leaf area of wheat

NPK

NPK NPK
NPK

22



@

O O O O O P Bk P P = DN

Q)

.000
.800
.600
.400
.200
.000
.800
.600
.400
.200
.000

0.4500 r

0.4000 r

0.3500 r

0.3000 r

0.2500 r

0.2000 r

0.1500 r

0.1000

0.0500

0.0000

4-2

SRSRRREERE R

a b~ W NP

NPK

Fig.4-2 Effects of controlled-release fertileizer on chlorophyll of potted wheat

4-3

NPK

NPK

tre (fietitet

g A~ W N

NPK

Fig.4-3 Effect of controlled-release fertilizer on dry weight in potted wheat
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4-4 NPK
NPK
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7 —
+
6 —— NPK
+
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1
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1r —A— 4
5
0
4-4
Fig.4-4 Effects of controlled-release on concentration of N in potted wheat
4-5
NPK
NPK
NPK
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4-5

Fig.4-5 Effects of controlled-release fertilizer on P in in potted wheat

4-6

NPK
NPK
NPK
NPK

NPK

SRNERSIREER

a b W N P

4-6
Fig.4-6 Effects of controlled-release on concentration of K in potted wheat
NPK
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Fig.4-7 Effects of controlled-release on concentration of N in soil
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Fig.4-8 Effects of controlled-release fertilizer on concentration of P in soil
4-9 ,  NPK
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NPK
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120
—— NPK
100 -
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> 80 - *
3 ——
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60 |-
—— 1
40 + —— 2
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—A— 4
20 -
5
0
4-9
Fig.4-9 Effects of controlled-release fertilizer on concentration of K in soil
4.2.2
4.2.2.1
@
4-4 NPK
66.88%-118.70% NPK
24 .07%-62.60% Pr>F 0.0001 T
NPK
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4-4

Table 4-4  Effects of felted controlled-release fertilizer on biologic yield of potted corn

(%)
Biological yield increase production
Treatnent Repetition Average
(9/pot) CK1 CK2
1 14.813
CK1
2 14.036
No fertilizer
3 17.784 15.544d
17.998
NPK CK2
20.35
Fertilizer
3 24372 20.907c 34.50
1 22.852
2 25.141
Felted by clay-polyester
3 29.825 25.939% 66.88 2407
1 34.332
2 31.528
Felted by humus acid
3 36.121 33.994a 118.69 62.60
1 28.971
2 31.2
Felted by plastics-starch
3 30.121 30.097ab 93.63 43.96
)
4-5 27.01%-46.79%
NPK 5.57% 1.20%
9.13% Pr>F 0.0139
T NPK

NPK
2001
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4-5

Table 4-5 Effects of coated controlled-release fertilizer on biological yield of corn

(9) %
Treatment Repetition Biological yield Average Increase production
CK1 CK2
1 14.813
CK1
2 14.036
No fertilizer
3 17.784 15.544b
1 17.998
NPK CK2
20.35
Chemical fertilizer
3 24372 20.907a 34.50
1 17.313
2 18.35
Coated by clay-polyester
3 23.563 19.742a 27.01 -5.57
1 25.67
Coated by humus acid 2 20.42
polyester 3 22.362 22.817a 46.79 9.14
1 18.65
2 22.24
Coated by plastics-starch
3 21.078 20.656a 32.89 -1.20
@)
4-6 4-6 NPK
5.24%-34.86%
7 T 5
1 2 NPK 3 4 5 NPK
5 1 2
3 45 2 3 45
3 45 1 2
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4-6

Table 4-6 Effects of BBCRF on biological yield of potted corn

%

Treatment Repetition Overground dry weight Average Increase production
(9) CK1 CK2
1 14.813
CK1
2 14.036
No fertilizer
3 17.784 15.544d
1 17.998
NPK CK2
20.35
Chemical fertilizer
3 24372 20.907c 34.50
1 28.79
1
2 26.58
BBCRF1
3 29.217 28.196a 81.39 34.86
1 27.299
2
2 24._486
BBCRF2
3 28.715 26.833ab 72.63 28.35
1 21.375
3
2 21.077
BBCRF3
3 23.553 22.002bc 41.54 5.24
1 21.416
4
2 23.478
BBCRF4
3 23.449 22_781bc 46.56 8.96
1 22.753
5
2 21.737
BBCRF5
3 23.761 22_750bc 46.36 8.82
4222
@
4-7 NPK
NPK
5
0.0001 T NPK

31
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4-7

Table 4-7 Utilized efficiency of nitrogen fertilizer

(%)
Treatment Concentration of N Dry weight Amount of N increase production
% g mg CK1 CK2
CK1
1.57 15.544 243.5d
No ferti.
NPK CK2
1.72 20.907 359.0c 47.41
Chemical ferti.
1.78 25.939 462.0b 89.71 28.69
Felted by clay-polyester
1.77 33.994 600.8a 146.70 67.35
Felted by humus acid polyester
1.82 30.097 546.1a 124.25 52.12
Felted by plastics-starch
4-8 NPK
NPK
NPK 14.20%
4 8
Table 4-8 Utilized efficiency of nitrogen fertilizer
(%)
Treatment Concentration of N Dry weight Amount of N increase production
% g mg CK1 CK2
CK1
1.57 15.544 243.5a
No ferti.
NPK CK2
1.72 20.907 359.0b 47.42
Fertilizer
1.72 19.742 340.2b 39.681 -5.25
Coated by clay-polyester
1.80 22.817 410.0b 68.35 14.20
Coated by humus acid polyester
1.86 20.656 384.0b 57.66 6.95

Coated by plastics-starch
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NPK 6.95% 5 Pr>F
0.001 T NPK
4-9 4-9 NPK
5
5 1 4 3 2 4-9
NPK
T 5
NPK Pr>F 0.0003 5
1 2 3 5
3 4
4-9
Table 4-9 Effects of BBCRF on utilization of N in potted corn
%
Concentration of N Dry weight Amoument of N Increase production
Treatment
% g mg CK1 CK2
1.57 15.544 243.5d
No fertilizer
NPK
1.72 20.907 359.0c 47.42
Chemical fertilizer
1
2.04 28.195 574 _0a 135.70 59.89
BBCRF1
2
1.930 26.833 517.8a 112.61 44.23
BBCRF2
3
1.97 22.002 433.0b 77.79 20.61
BBCRF3
4
2.03 22.750 461.1b 89.37 28.45
BBCRF4
5
2.12 22.781 483.3ab 98.44 34.62
BBCRF5
2
4-10
NPK NPK
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7.08%-10.83%

Tabble4-10

8.51%-11.63%

4-10

3.88%-5.43%

Effects of coated fertilizer on nutrients P,K in overground frond

Concentration of P Increase production Concentration of K

%

%

Increase production

Treatment
% CK1 CK2 % CK1 CK2
0.29 1
No fert.
NPK
0.29 1.58 1 25
Fertilizer
0.31 8.77 7.08 2 137 90
Felted by clay-polyester
0.31 10.23 8.51 2 125 80
Felted by humus acid
0.32 12.58 10.83 3 150 100
Felted by plastic-starch
0.31 7.07 5.42 2 100 60
Coated by clay-polyester
0.30 5.52 3.88 2 100 60
Coated by humus acid
0.31 7.10 5.43 3 163 110
Coated by plastics-starch
1
0.32 13.39 11.63 3 163 110
BBCRF1
2
0.32 12.58 10.83 2 100 60
BBCRF2
3
0.32 12.23 10.48 2 75 40
BBCRF3
4
0.31 10.23 8.51 2 85 48
BBCRF4
5
0.32 12.58 10.83 2 100 60
BBCRF5
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4-10
NPK NPK
80%-100% 60%-110%
40%-110%

5 1 2 5
4.2.2.3
1
4-11 4-11 NPK
0.589/kg-0.77g/kg, NPK
0.599/kg-0.73g/kg NPK 13.69%-30.81%
0.589/kg-0.60g/kg NPK 4.14%-7.39%

0.639/kg-0.779/kg NPK 12.79%-39.28%
NPK 0.30%-5.99%
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4-11

Table 4-11  Effects of controlled-release fertilizer on total nutrients N,P in potted corn

CK2 CK2
Total N Increase production Toltal P Increase production
Treatment
g/kg % g/kg %
0.58 0.88
No fert.CK1
NPK CK2
0.56 0.97
Fertilizer
0.73 30.81 0.96 -11.27
Felted by clay-polyester
0.59 6.31 0.95 -12.35
Felted by humus acid
0.63 13.69 0.91 -19.26
Felted by plastic-starch
0.58 5.26 0.96 -9.31
Coated by clay-polyester
0.58 4.14 0.96 -9.11
Coated by humus acid
0.60 7.39 0.92 -15.68
Coated by plastics-starch
1
0.77 39.28 0.94 -12.29
BBCRF1
2
0.71 28.65 0.97 -3.21
BBCRF2
3
0.67 20.54 0.91 -16.33
BBCRF3
4
0.63 13.69 0.96 -7.43
BBCRF4
5
0.63 12.79 0.96 -5.96
BBCRF5

4-12
NPK
0.46%-37.39%

11.07%-37.39%

36
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3.64%-26.28%

4-12

Table 4-12 Effects of coated fertilizer on available nutrients in soil

CK2 CK2 CK2
Alkali N Increase production Available P Increase production Available K Increase production
Treatment
mg/kg % mg/kg % mg/kg %
CK1
68 4.5 90
No fert.
NPK CK2
84 26 115
Fertilizer
99 17.08 39.1 50.66 120 4.35
Felted by clay-polyester
85 0.46 35.4 36.21 105 -8.70
Felted by humus acid
89 5.41 39.5 52.16 130 13.04
Felted by plastic-starch
107 25.77 43.0 65.67 120 4.35
Coated by clay-polyester
94 11.07 38.9 49.91 125 8.70
Coated by humus acid
117 37.39 47.8 84.05 140 21.74
Coated by plastics-starch
1
107 26.28 48.7 87.62 130 13.04
BBCRF1
2
99 17.08 50 92.50 130 13.04
BBCRF2
3
93 9.84 41.6 60.04 120 4.35
BBCRF3
4
88 3.99 34.4 32.46 125 8.70
BBCRF4
5
87 3.64 43.2 66.54 120 4.35
BBCRF5
4-12 4.5mg/kg NPK 26mg/kg
NPK
36.21%-52.16% 49.91%-84.05%
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32.46%-92.50%
4-12 NPK

4 _35%-13.04%
4.35%-21.74% 4.35%-13.04%

4.3
€))
NPK
NPK
NPK
NPK /
)

NPK NPK

2001
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5.1

5.1.1

0.899.kg™,

KO0 8%

5.1.2

5.1.3

5.1.3.1

5.1.3.2

5.1.3.3

CF-2

62mg.Kkg

9705

4.1.3

1
’

4.1.3

pH 8.1
9.8mg.kg™
3
12
1
5 3 6

39

16.4g.kg™, 1.03g.kg™,

40mg.kg™
N 5% P, 0s 8%
21 2.5 4
2003 6 15
CkKL 2 NPK CKk2
4 7 5
180kg N:P0s:K:0 15 8 8
2003
0-20cm 0-20cm



5.1.3.4

1
2
GB/T5498-1985
GB2905-82
5.70 6.25
GB7649-1987
GB/T14608-1993
AACC 56 61A
GB/T10361-1989
5.1.3.5
1
2
NY/T4-1982
NY/T11 1985
GB7649-1987
5.2
5.2.1
1
5-1 NPK CK2
(CK1) CK1 219.90%-253.80% CK2
6.79%-23.90% 7
NPK 1 2 3 5 NPK
4 1 2 35 1
5
NPK NPK
NPK 5 2 5 4
31 4 51 2
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5-1

Table 5-1 Effects of BBCRF on yield factors of wheat

CK1 NPK 1 2 3 4 5
Treatment No fert. Fertilizer BBCRF1 BBCRF2 BBCRF3 BBCRF4 BBCRF5
(cm)
51.7 70.4 78.8 72 72.3 72.5 70.5
Height
(cm)
4.8 7.3 7.3 7.2 7.3 7 7.4
Length of ear
11 15 15 15 15 14 15
Spikelet
3 2 1 1 1 2 1
Sterile spikelet
10 23 24 25 25 25 28
Number of seed
©)]
0.319 0.978 1.010 1.131 1.027 1.164 1.234
Weight of ear
(9
30.823 36.584 38.044 39.533 38.024 38.023 38.402

Weight of 1000 seeds
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5-2

Table 5-2  Effects of BBCRF on yield of wheat

YikegI/d hm2 )
Treatment Repeat CK1 CK2
1 766.98
CK1
No fert. 2 639.64
3 803.64 736.75
1 2158.86
NPK CK2
Fertilizer 2 2322.28
3 2151.64 2210.93 200.09
L 1 2548.28
BBCRE1 2 2713.76
3 2570.55 2610.86 254 .37 18.09
) 1 2545.23
BBCRF2 2 2706.44
3 2260.84 2504.17 239.89 13.26
3 1 2340.10
BBCRF3 2 2312.30
3 2425.02 2359.14 220.21 6.70
4 1 2549.48
BBCRF4 2 3094.78
3 2565.14 2736.47 271.42 23.77
c 1 2548.28
BBCRF5 2 2613.76
3 2570.55 2577.53 249.85 16.58

5-3
Table 5-3 Variance analysis of yield of different BBCRF

DF SS MS F Pr>F
Source

6 8467941.157 1400323.526 56.07 0.0001
Model

14 352412.930 25172.352
Error

20 8820354.088

Corrected
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5-4 Duncan’s Multiple test
Table 5-4 Analysis of Variance Procedure Duncan's Multiple Range Test for variable BBCRF

Significance
Treatment Average yield
5% 1%
2736.5 A A
BBCRF4
2610.9 AB AB
BBCRF1
2546.8 AB AB
BBCRF5
2504.2 AB AB
BBCRF2
2359.1 BC AB
BBCRF3
CK 2210.9 o B
CK1 736.8 D o
2
5-5
NPK
NPK 5.52%-26.21%
4.17%-25.00% NPK 1.03%-3.70%
3.03%-18.18% 5 ,
3 4 1 3
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Table5-5 Effects of BBCRF on nutrients N P K of overground frond

5-5

N P K

44

N in frond N in seed P in frond P in seed K'in frond K in seed
Treatment
% % % % % %
CK1
0.49 2.77 0.07 0.28 1.0 0.3
No fert.
NPK CK2
0.46 2.87 0.05 0.30 1.5 0.3
Fertilizer
1
0.51 2.96 0.06 0.35 1.5 0.3
BBCRF1
2
0.51 2.92 0.06 0.31 1.5 0.3
BBCRF2
3
0.50 2.90 0.06 0.33 1.5 0.3
BBCRF3
4
0.51 2.97 0.06 0.34 1.5 0.3
BBCRF4
5
0.50 2.95 0.06 0.34 1.5 0.3
BBCRF5
3 N P K
5-6
NPK 5
NPK 5 1
5 3 5 NPK
NPK
5 4 1 2
2 NPK
3 4 5 NPK



5-6

Table5-6 Effects of BBCRF on total nutrients of wheat soil

Treatment Total N Available N Total P Available P Available K
(9/kg) mg/kg (9/kg) mg/kg mg/kg
CK1
1.38 63 0.90 8.4 40
No fertilizer
NPK CK2
1.07 64 0.946 8.5 50
Chemical fertilizer
1
1.12 74 0.90 8.9 60
BBCRF1
2
1.10 80 0.86 8.5 60
BBCRF2
3
1.05 68 0.83 9.2 50
BBCRF3
4
1.07 75 0.84 9.8 50
BBCRF4
5
1.03 71 0.88 9.8 50
BBCRF5
5-1 5-1
5
0.79%-2.11% 5
5 2 4 3 1
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NPK 1 2 3 4 5

5-1

g/L

Fig.5-1 Effects of BBCRF on bulk density of wheat

5-2
5-2
NPK CK
1.03%-3.70% 5 4 1 5 2 3

NPK 1 2 3 4 5

5-2
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Fig.5-2 Effects of BBCRF on protein content of wheat
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NPK

7.80%-28.35% ( 5-8)
7 5-9
4 1 NPK
2 3 NPK 1 5
3 15
5-7
Table 5-7 Effects of BBCRF on protein yield of wheat
(kg/hm2)
Protein yield (%).
Treatment Repetition Increase production
CK1 CK2
Average
1 121.25
CK1
No fert. 2 101.12
3 127.05 116.47
1 352.91
NPK__ Ck2 2 37962
Fertilizer
3 351.73 361.42 210.31
1 430.28
1
BBCRF1 2 458.22
3 434.04 440.84 278.50 21.98
) 1 422.91
BBCRF2 2 449.70
3 375.66 416.09 257.25 15.13
3 1 386.47
BBCRF3 2 381.88
3 400.49 389.61 234.52 7.80
A 1 432.19
BBCRF4 2 524.63
3 434.84 463.89 298.29 28.35
. 1 428.57
BBCRF5 2 439.58
3 432.31 433.49 272.19 19.94
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5-8

Table 5-8 Variance analysis of protein yield of different BBCRF

DF SS MS F Pr>F
Source

6 253734.771 42289.128 59.64 0.0001
Model

14 9927.325 709.095
Error

20 263662.095

Corrected

5-9

Duncan’s Multiple test

Table 5-9 Analysis of Variance Procedure Duncan's Multiple Range Test for variable BBCRF

Significance
Treatment Average yield
5% 1%
463.89 A A
BBCRF4
440.85 A AB
BBCRF1
433.49 AB AB
BBCRF5
416.09 AB ABC
BBCRF2
389.61 BC BC
BBCRF3
ck2 361.42 C C
CK1 116.47 D D
FAO
52% 73% 82%
2000
5-8 5-8
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3.52%-38.02% 5 4 2
1 3 5
5-8

NPK 3.52%-38.02% 4.18%-43_10%
8.37%-36.85% 5 4 21
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5-10 %

Table 5-10  Effects of BBCRF on total and essential amino acid contents of wheat

CK1 CK2 1 2 3 4 5
Treatment No fertilizer Fertilizer BBCRF1 BBCRF2 BBCRF3 BBCRF4 BBCRF5
0.733 0.824 0.772 0.844 0.644 0.901 0.780
Aspartic acid
0.786 0.813 0.929 1.01 0.946 1.109 0.825
Serine
2.728 2.887 2.921 3.418 3.098 3.771 2.897
Glutamic acid
0.632 0.594 0.691 0.753 0.646 0.825 0.635
Glicin
0.544 0.51 0.612 0.665 0.541 0.782 0.547
Histidine
0.942 0.903 1.117 1.169 0.942 1.318 0.95
Arginine
0.484 0.478 0.564 0.598 0.519 0.684 0.498
Threonine
0.594 0.627 0.646 0.75 0.668 0.777 0.624
Alanine
1.332 1.323 1.408 1.673 1.452 1.773 1.357
Proline
0.988 1.005 1.29 1.23 1.178 1.787 1.182
Cystine
0.556 0.521 0.635 0.649 0.55 0.793 0.514
Tyrosine
0.643 0.634 0.695 0.765 0.675 0.829 0.663
Valine
0.116 0.109 0.083 0.135 0.156 0.115 0.103
Methionine
0.588 0.606 0.69 0.707 0.708 0.732 0.597
Lysine
0.514 0.502 0.561 0.589 0.561 0.687 0.544
Isleucine
1.013 1.008 1.086 1.154 1.067 1.375 1.027
Leucine
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0.727 0.689
Phenylalanine

0.103 0.099
Tryptophan

14.023 14.132
Total amino acid

0.815

0.069

15.584

0.832

0.064

17.006

0.736

0.075

15.162

1.100

0.147

19.505

0.723

0.164

14.630
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5-3 5-3

NPK
1.96%-4.58% 5 4 1 5 2
32.5 1
32 r
31.5
=
31 -
30.5
30 -
29.5 -
29
NPK 1 2 3 4 5
5-3
Fig. 5-3 Effects of BBCRF on wet gluten content of wheat
5-4 5-4
NPK 0.69%-10.73% 5
4 5 1 2 3
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Fig.5-4 Effects of BBCRF on sedimentation value of wheat
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5-5 5-5 NPK
2
NPK 1 3 45 248s-268s NPK
7.83%-16.52%
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5-5
Fig.5-5 Effects of BBCRF on falling number of wheat
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Fig.5-6 The chromatogram map of soluble sugar in wheat
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Fig.5-7 The chromatogram map of soluble sugar in wheat

5-11

Table 5-11  Effects of BBCRF on soluble sugar of wheat

32

36

40

" Min

Amylose Disaccharide Glucose Fructose total
Treatment
(%) (%) (%) (%) (%) (%)
CK1
31.237 0.237 2.9 0.456 0.116 34.946
No fertilizer
NPK CK2
28.222 0.161 3.915 0.586 0.321 33.205
Chemical fertilizer
1
30.84 0.161 3.732 0.267 0.229 35.229
BBCRF1
2
46.222 0.184 4.7 0.304 0.157 51.567
BBCRF2
3
30.571 0.171 3.38 0.554 0.282 34.958
BBCRF3
4
42.598 0.178 4.197 0.51 0.259 47.742
BBCRF4
5
36.684 0.212 4.849 0.298 0.173 42.216
BBCRF5
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NPK
NPK
4 5 1 2
5.2.2
1
5-10 5-11 5-11
NPK
8.01%-27.00% 5-12 7
5-13 NPK
5-10 NPK
NPK
5 1 2
5-12
Table5-12 Effects of BBCRF on yield’s factors of corn
CK1 CK2 1 2 3 4 5
Treatment No fert. Fertilizer BBCRF1 BBCRF2 BBCRF3 BBCRF4 BBCRF5
(cm)
13.7 16.6 17.9 16.5 17.3 15.9 17.4
Length of ear
(cm)
3.4 3.3 1.8 2.8 2.5 2.8 2.8
Length of barrenness
220 300 382 334 347 310 316
Number of seeds/ear
@
640.667 803.333  1070.000 997.667 803.840 813.333 830.000
Weight of seeds/ear
(9)
173.679 220.966 292.228 240.611 282.328 239.651 236.767
Weight of 1000 seeds
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5-13

Table5-13 Effects of BBCRF on yield

kg/hm?
Treatment Repetition Yield Average CK1 CK2
1 2291.67
Ckl 2 2867.71
No fert.
3 2208.33 2455.90
1 4216.67
CK2
Fertilizer 2 3452.08
3 4390.63 4019.79 63.68
1 5432.29
1
BBCRE1 2 4583.33
3 5302.08 5105.90 107.90 27.02
1 5090.63
2
BBCRE? 2 4098.96
3 5096 .88 4762.15 93.91 18.47
1 4515.63
3
BBCRF3 2 3489.58
3 5019.79 4341.67 76.79 8.01
1 4791.67
4
BBCRF4 2 5171.88
3 3622.92 4528.82 84.41 12.66
1 3536.46
5
BBCRES 2 5742.71
3 4234.38 4504.51 83.42 12.06
5-14
Table 5-14 Variance analysis of yield of different BBCRF
DF SS MS F Pr>F
Source
6 13252291.99 2208715.33 4.48 0.0098
Model
14 6896949.64 492639.26
Error
20 20149241.63
Corrected
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5-15 Duncan’s Multiple test
Table 5-15 Analysis of Variance Procedure Duncan's Multiple Range Test for variable BBCRF

significance
Treatment Average yield
5% 1%
1
5105.9 A A
BBCRF1
2
4762.2 A A
BBCRF2
4
4528.8 A A
BBCRF4
5
4504.5 A A
BBCRF5
4341.7 A A
BBCRF3
CK2 4019.8 A AB
CK1 2455.9 A B
2
5-14 5-14 NPK
0.48%-
15.22% 1 2 45 9.57%-15.08%
1 4 NPK
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5-16

N

P K

Table 5-16  Effects of BBCRF on nutrients N P,K in frond of corn

Treatment Concentration of N Concentration of P Concentration of K
% % %
CK1
0.79 0.1 1
No fert.
NPK CK2
0.83 0.1 1
Fertilizer
1
0.96 0.1 2
BBCRF1
2
0.95 0.1 1
BBCRF2
3
0.86 0.1 1
BBCRF3
4
0.96 0.1 1
BBCRF4
5
0.84 0.1 1
BBCRF5
5-15 5-15
NPK
NPK 5 NPK
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5-17

Table 5-17 Effects of BBCRF on total nutrients in soil of corn

Total N Available N Total P Available P Available K
Treatment
(9/kg) (mg/kg) (9/kg) (mg/kg) (mg/kg)
CK1
1.12 57 0.84 0.3 55
No fert.
NPK CK2
1.06 56 0.89 3.6 60
Fertilizer
1
1.10 78 0.82 4.3 60
BBCRF1
2
1.17 72 0.83 3.4 60
BBCRF2
3
1.09 67 0.82 4.1 60
BBCRF3
4
1.12 64 0.84 3.9 60
BBCRF4
5
1.11 63 0.84 4.1 60
BBCRF5
5-16 5-16
NPK 3.86%
5.40%-14.40% NPK

1.54%-10.54% 5
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5-18

Table 5-18 Effects of BBCRF on crude fattiness content of corn

%

Treatment Crude fattiness content Increase production
% CK1 CK2
CK1
3.89
No fert.
NPK CK2
4.04 3.86
Fertilizer
1
4.10 5.40 1.54
BBCRF1
2
4.30 10.54 6.68
BBCRF2
3
4.12 5.91 2.06
BBCRF3
4
4.45 14.40 10.54
BBCRF4
5
4.28 10.03 6.17
BBCRF5
5-17 5-17
NPK
1.82%-10.18% 5 1 4

61



5-19

Table 5-19 Effects of BBCRF on crude protein content of corn

%

Treatment Crude protein content Increase production
(%) CK1 CK2
CK1
6.84
No fert.
NPK CKk2
7.28 6.42
Fertilizer
1
8.02 17.25 10.18
BBCRF1
2
7.52 9.97 3.34
BBCRF2
3
7.41 8.36 1.83
BBCRF3
4
7.71 12.67 5.88
BBCRF4
5
7.51 9.71 3.09
BBCRF5
5-18
NPK
2.12 -29.97 5-19 7
Pr F 0.0014 5-20
NPK
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5-20

Table5-20 Effects of BBCRF on protein yield of corn

(kg/hm2)
Protein yield
Treatment Repetition Increase productin
Average
1 156.77
CK1
No fert. 2 196.18
3 151.07 168.01
1 330.59
NPK N cKk2 2 270.64
Fertilizer
3 344.23 315.15 87.58
1 435.78
1
BBCRF1 2 367.68
3 425.33 409.60 143.80 29.97
) 1 383.02
BBCRF2 2 308.41
3 383.49 358.30 113.27 13.69
1 334.74
3
BBCRF3 2 258.68
3 372.12 321.85 91.57 2.12
1 339.63
4
BBCRF4 2 819.72
3 387.09 348.81 107.62 10.68
1 265.41
5
BBCRF5 2 43099
3 317.79 338.06 101.22 7.27
5-21
Table 5-21 Variance analysis of yield of different BBCRF
DF SS MS F Pr>F
Source
6 101173.197 16862.200 6.92 0.0014
Model
14 34101.181 42435.799
Error
20 135274.378
Corrected
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5-22

Duncan’s Multiple test

Table 5-22  Analysis of Variance Procedure Duncan's Multiple Range Test for variable protein yield

Significance
Treatment Average yield
5% 1%
1
409.60 A A
BBCRF1
2
358.31 A A
BBCRF2
4
348.81 A A
BBCRF4
5
338.06 A A
BBCRF5
321.85 A A
BBCRF3
CK2 315.15 A A
CK1 168.01 B B
5-19 5-19
NPK
NPK 7.17%-16.87%
4 3 1 2 16.87% 12.29% 10.77% 10.74%
5-19
NPK
NPK
5 1 2 3 4
1 3 1 4
3 4
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5-23

Table 5-23 Effects of BBCRF on total and essential acid contents of corn

CK1 CK2 1 2 3 4 5
No fert. Fertilizer BBCRF1 BBCRF2 BBCRF3 BBCRF4 BBCRF5
0.482 0.341 0.53 0.509 0.551 0.603 0.64
Asparagine
0.363 0.435 0.436 0.429 0.44 0.485 0.415
Serine
0.791 0.679 0.97 0.963 1.004 1.04 0.888
Glutamic acid
0.283 0.231 0.312 0.313 0.304 0.347 0.436
Glycin
0.129 0.269 0.354 0.324 0.332 0.365 0.46
Histidine
0.532 0.56 0.559 0.522 0.558 0.607 0.476
Arginine
0.283 0.327 0.324 0.314 0.315 0.359 0.299
Threonine
0.593 0.699 0.67 0.696 0.707 0.75 0.671
Alanine
0.58 0.678 0.692 0.721 0.709 0.746 0.647
Proline
0.311 0.383 0.508 0.578 0.555 0.348 0.373
Cystine
0.356 0.46 0.459 0.452 0.446 0.499 0.396
Tyrosine
0.352 0.397 0.382 0.378 0.383 0.419 0.371
valine
0.053 0.048 0.057 0.08 0.047 0.049 0.068
Methionine
0.375 0.33 0.345 0.356 0.357 0.42 0.382
Lysine
0.245 0.282 0.287 0.278 0.28 0.293 0.267
Isleucine
0.827 0.99 0.994 0.99 1.033 1.015 0.929
Leucine
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0.34
Phenylalanine

0.033
Tryptophan

6.928
Total amino acid

0.456

0.027

7.592

0.482

0.047

8.408

0.455

0.047

8.405

0.463

0.039

8.523

0.484

0.042

8.871

0.395

0.021

8.134
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5-20
NPK
0.74%-1.63%
5-24

Table 5-24 Effects of BBCRF on crude starch content of corn

Crude starch content

Increase production

Treatment
(%) CK1 CK2
CK1
74.26
No fert.
NPK CK2
73.06 -1.62
Fertilizer
1
74.08 -0.24 1.40
BBCRF1
2
73.81 -0.61 1.03
BBCRF2
3
74.34 0.11 1.75
BBCRF3
4
73.6 -0.89 0.74
BBCRF4
5
74.25 -0.01 1.63
BBCRF5
5-21 5-8 5-9
5-21
NPK
1 2
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Table5-25 Effects of BBCRF on soluble sugar content and its factors of corn

5-25

Amylose Disacchride Glucose Fructose Total
Treatment
(%) (%) (%) (%) (%)
CK1
23.712 1.162 0.559 0.252 25.685
No fert.
NPK CK2
16.85 0.925 0.535 0.219 18.529
Fertilizer
1
24.483 1.16 0.546 0.205 26.394
BBCRF1
2
25.526 1.113 0.467 0.184 27.29
BBCRF2
3
20.944 1.088 0.491 0.213 22.736
BBCRF3
4
23.237 0.93 0.407 0.186 24.76
BBCRF4
5
21.565 1.14 0.464 0.177 23.346
BBCRF5
m\-’l
' g
24.0~ =
1
| |
I
18.0 ‘|
1 I
+ !l
12.0- '
| i
1! B
| | \
6.0 [
| 1 w
4 / I| g ﬁ oo 33
e =
0.0 i) '\_/\,?L ni !
R T A T R e T I o L e [Tt e e T Pt B s e T Tewe
0 4 8 12 16 20 24 28 32 36 40 Hin
5-8 / 1

Fig.5-8 The chromatogram map of soluble sugar in corn of treatment BBCRF1
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Fig.5-9 The chromatogram map of soluble sugar in corn of treatment BBCRF2

8.01%-27.00%

NPK
NPK

NPK 0.74%-1.63% NPK

69

2?"



6.1

NPK
NPK

NPK

70

99%
NPK
95%

NPK

NPK



6.2

€))
99%

95% NPK

NPK

CF-2

NPK

NPK

NPK
NPK

NPK

71

CF-2

NPK

NPK
NPK

NPK



6.3

NPK

0.74%-1.63%
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1. 1999

2. 1996 18 4

61-65

3. 2000 20
3 189-192

4.

2002 8 1 44-47
5 2000 15 2 21-22
6. 2002 3 127-133
7 2002 8 1 16-21
8 [ 1]
2001 7(2) 145-152
9. 1998 4 3
219-223
10. 1987 3  26-28
11. 1998 4 2 97-106
12. 1998 13 4 6-8
13. [ ] 2002 28(1) 12-15
14.
2002 24 5 727-730
15. 1997 34 4 461-466
16. [ ] 2000 (1) 27
17. 2000 7 1
18. 1995 5 3  193-205
19. 2002 39 6 360-361
20. [J]. , 1984 3:71-74.
21. 1996 2  42-43
22.

1983 483-486
23. [J] ,1979 6 58-61
24.
2003 9 1 50-56
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25. 1999 6  137-146
26. 2002 17 2
13-18
27. 1992 24 2  80-83
28. — 2000 15 7 62-63
29. / 1999 5 357-360
30.
1995 28 4 72 79
31. 1997 3 1
16-22
32. / 37 3
339-344
33. 2000 1 19 54
34. 1998 4 4 321-330
2000 15 2 1 4
35. /
2000a 15 3 1-6
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20000,15 4 5-7
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1. 2. 2000c 15 6 7-12
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4. 2001b 16 2 10-12
40. 1999
14 10:21-22
41. 1988 1
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42. 1988 3  58-59
43. 2001
29 3 37 40
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210-213
45. 1997 26 5 15-19
46. 1997 26 6 15-19
47. 2004 19 1-6
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