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Research on Azolla and Its Application in Agricultural Ecological System
HUANG Yi-bin, WENG Bo-qi, TANG Long-fei
(Agricultural Ecology Institute , Fujian Academy o f Agricultural Science; National Azolla Resource Center ;
Fuzhou, ‘Fujian 350013, China)
Abstract;: This paper begins with the azolla's function in global climate event at the Eocene— Oligocene transition:
from greenhouse to icehouse, and points out its great application potentials for future ecological agriculture including
as production raw material of high quality agricultural products, improving agriculture ecological environment and
preventing heavy metal pollution, and as pioneer plant of exploring outer space. Moreover, it put forwards that the
future research should be focused on energy — saving and environment protection of azolla, as organic fertilizer
source, exogenous gene transfer, and spore production.

Key words: Azolla Event; aquatic fern; ecological agriculture; application prospect
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mifis, BRAKEESAES “1+1>27 WEY-HMAEYIEAER. ©RRTEDTH I /K A 3058 rh i 4 K3
B, EEEIAEET , HAFRM A Ak 3~4 dU, o [ R AR A I R A AR B SR AR A0 9 Y S B R 40 A T
7K A S R S e, M LA D /K RS AR P O AR B AR AR A AR AT L R e GE S A A
FELEFRATAR  — A, B 4] B AWV 403X — il 2 PR O BRI . RRBR AR A RS . EHIN
By, LOFEAER A SR T B A ELA W T ILA .

1 5 R TAEA KRR S £ 7 RA

L1 RRENBKEFWEIERIE

AR E A, B ERAEIJLEFEREE S FE N HKREA =0 E B R. BE ALY R K
FREBMEYELEE RS, GHLEMHOT RO BOR AR . M2/ & A 7 2 4T i 4= 7=
WM ERE RO LEEL. AFRRXANEDERE), ERHABEEANMBERABNRKIPERA
LARE, XMAEYERSEBRETARE, UABERFE; XHHSU5ER . 09 a] LMK H 3 Bk
HEKFEHEKAREEAMANMES, BAREEZREEOKRER A, 8 H 88 A LR K A 7= 19 K 4R IR
B, FIRARRENS . 20 4] 80 RIS, AHLREKAEFEHCLHHERA MM, i, 1993 4
HAR I Bk R G EFERELZHE ‘B MHER" SIALAHERA B A EZHAEIRKRETEKR, BZH
B0 BHERYY. B, B WBHERAIUES BIH A, W HWfESBIeEE . e, B
EMEMABETEE. £FEIILE. T AELFREA R XARREIFHREZZHER . I8 2
frit— w5, '

1.2 AHE. &, BEFREFHRM AR ,

P H A& R A KWL Go Rl A 7= o A AUR) FHLL S KRB AE = B ki, W B RN T8 . &. A
A= AR RN, AN ES VAN EEERR s SEERSE, L A TH & M [ 38
(MH3-1) WHEHA. A4S MEER. FAEARSE S A F 28.29%. 7.06% Fl 0.2645% .
0.6479% ", FAMAEERAH. B, e AR = SR E ., FBREAEM AN b T8 B & e
SYERGES, ATLAEAT “WEE” A7, ERRAGSKEMEARRS 4G, EAANE. &, ™60
Az 7 S AL B A T = A R .

1.3 RAEAESEBERS

AFELARSBEPREHRRBRTERNAEYER, 8 hm’ KEFE= 6 R 300t (FKEIBUNESL). W
REECHTEHEA™, EAMEFEAR. MEBTYE. FERXFERFENRS, MEHEAGREREE
. MR, BKEENSSARBESHEETPRAARREHLEE . AT TR 008,
X T ok 00 HLE FH B A 7 R ) R AR R — A AR Y A P R R

2 BATAAEFRLEFFERGHY

2.1 AERMEIKEPRERNOEY

AR, DARAE A 3 A9 4l A 7= B 7= A2 9 CO, Al CH, 3 3 BR IR 28 R 7 B9 52 W 45 32 6 i), KK
CH. A 20%0~30% %k AR HR WA =/ HER > . BEFE RN EE CH, =EA R L M P5E, HEilk#K
B R AR . EEMEETER S adER A RS RB, ZHESR R E S CH, HE
HChEE A 3. 08 mg/m?/ h, HoE HLASH B 34.6% .,
2.2 AHEXRESEPRITERLN CO, BE

BT bR Lo s dExt CO, [ 5 Y a BeHE Wi o, BRENET BF R R, 8% M &0 T iRiE R
FEEILLHE, AT 7 000~9 000 Ix Bf, IR 1 d, 0~6 h, A KK CO.KEM 0.032% FFFE
0.603%, MEEAXEY, A EHHH O, 8 0.781 g/m’*/h, E¥EE CO, & 0.766 g/m?/h; KK 6~12
h, #8P9 COMBEM 0.603% EF+ZE 0.802%, LA KIFER, FH¥HK O. & 1. 690 g/m’/h,
- EE CO, & 1. 958 g/m’/h, X ULBITEMC O, R EEE R COLWRBEIREE T » £0ME 97 %A i O, B #l 8
CO, BBIEHR O,, COWEAB FHER ., X —FFHHA R TR FREX “BEMNL” K,



4 Al A W) BT IR S A BAE A A

Al CO, BITHER .
2.3 AHTIEAKBESEETHMESEY

20 42 @0 AEARLISE, B Tolk b xd PREE A FE RN IR B4R & . A fITHE5R T Xf 2R BT 5 3 72 i O Bk B
75, EHEBRESRISRFEGBRT KBNS . EFER, FIRKEFIEEY, WUKTFE. WHITLERHTE
Yok EEERAMBERES ., XMAEYWHIEE (bioremediation) BEFWAMA, XAEREGHE. BT
A EAMERERKETEERESRE TS, Fik, E/EEPESRANE, [T 32 B A
fRiE ., RGP A BB RERIGER . EEERMOKEFRRREGT, REKEEASAEKER
it 1mmol/L, LML RBA K BAH, BETIR M E & H BAEPHESRE T,

3 EATEAIREIFRE RATIHYD

1993 ELEEAY B MM KT T A0 (EHBEHRENAETE:. EEYE S B MAHF (Life Under
Glasses: The Inside Story of Biosphere 2)) M ARY™ . Y B S R EEHB %X W ALBFEHERINE
BRI ST RSB IEESY . R IIIRSN B B L R, Tf&ﬁ@ﬁﬁﬁfﬁ%ﬁﬁ?@mﬁlﬂi?ﬁd\l: AT 2
V—TEBEANREFNESRSE (ABAESEMRBERS, RXHE K CELSS) . mAEXZRFEMNMINTIK
PR, HMPR Ok, 25, SYRNEEEFYE) E7LKEE CELSS Wiﬁﬁﬂﬂﬂ B 3 T
BRIPM OV R EHFT, HAIHREARTE 2 m* EAFEBBENEET 22 M. ERES KSR
WE, KEBREEYIBILLABZI A, EER, BRI TILO R E R IF R 0SS EY % T G #fT
Rzl

E?ﬁ@ ) W U 25 X W VL L R B F CELSS My a7 dE A7 TR AT, SR KW, MR EKIFHE
wma T CELSS A, FEMAET: (D ERKEB®E, FHRE NI 3I~5d, TUERHM, HBIE
6], (2) ATLL#HATIRSE, AR EAKS. (3) FEFBRMM O, MEE CO88H . (4) Bl HF AR E .
BAAMEYRE. &) AU mTRES. BTFWHE, EHE. VIS AREEZEHANE R, BATER
.ol S5 RESAETHEYEENRER.

4 HFELAMEAPHRUEEEMEGHR

4.1 OHEELHARLEFHR A

REAHFEKBESRETHEZ MRS, BR2HTFTEMIERE, EEREER A F R
AT, FERAGKEEEWAHEMEMAE G, WL, BEMT ROLEREmARBESEWR. Bk T
B\ B, AFREGTEREI, KU IR 5E BT B F 2 VT 95 885 VT 55 Hb A RS — WS B eb a0 T
(B, & — 39— WSBEERDDY,
4.2 LIFEFERMRRR A RS

WL AL AE AR A= 7= R 35 B FH B2 B TRR M, SH A S HE —EXR.
4.2.1 REJEARR AWEEKPIRE. BEAEBRAERK™H, MHRRESLHEENN
WHAR., ZWEY. RRECEMFOS MBS, FESHFRME, FEME “BE”, “BLr, “p
PR, “TRIEMR” G555 AE L BRARHE R A A aY e
4.2.2 WHSRKRES E  —MORDL, ZLMEAE 8 000~12 000 Ix i FAKRER., 7F 8 000 Ix LI FA: K R &
$ T . BRI B AME SAE 550~700 Ix, HEFEMT 3 000 Ix BFRE FHELUK BT, K “HT77
JEREA T BIIEHRTE 2 000 1x AR, ZL3FA 3R F M S BP0 AL S 2B T /. H B & i K 658 69 5 Fh 2
FMIEITL (A. caroliniana), B HIML N FHFEA FERN LB ELIIEE, BEE 3200 x KR TH
AR ERBE BT RER,
4.2.3 TAREEE, LIRK HERREHET, BFE3IAWMB S AhTALEI ATAR 11 HHaixw
Bemtlal (RG24 /44, OHERF KB P AKRE, BEBEM™LTTE BRI b AR,
Fi8h, AR, VEMBEBTEERKRN TR, REFHTLE. BAESAES % > 500 1y 4 7T fEF
It PR,
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4.2.3 BAYHEE SESREWHR, AWEEEERBRT, BEHAIENH T —B/T
R, FEOHRMILTEBEEA TEMAGTER. BT EEMHRERM, BEd8RE, BLEK, A
FH s (6] TR A ], R R TEE R

4.3 WEmMEMHAR

.21 SFEARRLAEFYHBEARAL RELHEEARRRUNA EARESMEH, BB ALK
B, BEERARRVEFN “EHE”, BANESRL., AHLRLMFERRLAEZRITAES SRRES
R AT S, R ERRAEETAMRE ., R ESAENAPUIER T mK e 5L HER, f#xX—
Y REE AR A P G — R

4.2.2 AAHARBRRwBLFADFRYS BHFRIUIEROLHEMMT ZXTLLETIADTR . {8 5% 1Y
SMRIEDE . AR\ EMITE, MRS REEEE SRACHEME. KA, WESEYEHY . WO
REEEEEE, FIARFMRMRY . WiEERPTEAAE, MEAST AXRER, L0900 “BFE” B
SRAGHEY . A U A UG 2 RS AR LA i 20 9 e R 1 S 0 1 A DL R A B R, AT R 1R L
EASTiES S

4.2.3 “¥BFRAFHAK HAT, EARKZMAT RO TMED R FRE™E, BAREHET
ATERHZGTSR. BEACHETEAAOBRFREGOHRE, BATEFLFEATERHBE . XM
R R R PT AR LD SR AEAR MY A 7= B BB T P A AR . FE B ARRRARM T, AWM TREERER
—EMBK— AR, TR AR, #TATRAELOERTRES FEWIRB—1 T,

5 4 &

RABERATZFE XL R SR, 46 EbR LRI, EHN R, 2R e %AT
TREY . HEfbsE REB R RKAEBREEY . €A ERAAGEARM A b ok 8 — 6, 76 R BARAY)
B AR TR HAE B AR L TR AR S 2 FR R R MESS B AR . EERBE MUK B RS, X BAERK
Al AT RPEIR P R T .
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(EaE R R AR/ mEE s TREARBF PO, mE MM 350013)

B OE. RARMREA TR, SRS RSER S E R R, A KK KHFEE T, P56
AN UK F A AR 7 AT B SR SR P . SRR A PR BOCR R, LR G PR 5 il U
BRI, SREYW, BEERARONM, BERMSER. k., TR HIEOMEERSERFRA, R
HWOMARS RO RS, AREH A O ENm. BILX B ERRZER, 7R &R K FE R E T
AN EE A PR RRER . RN B S Al R T 100 ke/hmP i, AR ERER IR SR E R E A F
B, TN AR SR R S R A B 448 VN ) U it 4 UBE B sk 250 kg/hm B, T 32 A BR & R AR
VO 2 R MG R 5 2 VRN ) i 4 RUAE A 150 kg/h® BF L B SE O B AR R A BEOH BRGS0
W SRR SRR 0. 25 Y OB AR . ME MR, KR, R, HEASR. EERTE
MMARSE 6 MEEEHEEYEEML, "RSEARAAERENLE TREBFME, HEANEER
EREBARSHEDERR B EHE, MRESHE 568 RS0 EFHE. Wil R E R 8 5 5 80m Bk & ™
A, HEgERER &, HEAOTEMEERSREORES.

XKgim: MEN,; MEKTEEHX; EWFENE Wik

Effects of different N applying levels and methods on the biological characteristics

and nitrate content of ryegrass
HUANG Qin-lou, ZHONG Zhen-mei, CHEN En, CHEN Zhong-dian, HUANG Xiu-sheng
(Agricultural Ecology Institute, Fujian Academy of Agricultural Sciences/Fujian Engineering and Technology
Research Center for Hilly Prataculturae Fuzhou, Fujian 350013, China)

Abstract: The agronomic traits such as yield, quality and nitrate content of gramineous forages are closely related to
nitrogen level. In this study, field experiments were conducted to study the effects of six urea application levels and
four application methods on the agronomic traits, the yield, the quality, and the nitrogen producing efficiency of
ryegrass, and the correlations among the yield, the content of crude protein, the amino acid content, the amount of
N application and many agronomic traits were also investigated. The results showed: the tiller number, the plant
height, the yield, the content of crude protein, the amino acid content and the nitrate content significantly increased
with increasing N application. However, the effects of N application on ryegrass became less and the nitrogen pro-
duction efficiency became low with further increasing N application amount. When N application was over 100 kg/
hm’ after each cutting, N fertilizer could increase the crude protein content but had little influence on the amino acid
content. When N application reached to 250 kg/hm?® after each cutting. the plant height and the yield showed de-
creasing trends. When N application was over 150 kg/hm’, the nitrate N content increased significantly, and even
exceeded the 25% poisoning criterion. There were positive correlations among the yield, the plant height, the tiller
number, the content of crude protein, and the nitrate N content of ryegrass. The yield was significantly correlated
with the N application amount when broadcast application. The crude protein content and amino acid content were
significantly or extremely significantly correlated with the N application amount. Moreover, there was extremely
significant colyrrelation between nitrate content and the N application amount. Deep application could influence the
tiller number'and the plant height, and increase the yield, the crude protein content and the amino acid content.

Key words: ryegrass N applying levels and methods; the biological characteristics; nitrate
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8 Ak A= YR UR S A PRAR IR A

MFEHE (Lolium perenne) JRWFERRARMCE, F/=BKl . W EHMALIE, RNEEFREE, £
PR, TIINALTER . & D PEEE, JEEA RAFIOVIERE S RBER . R PR T E AR T T
Fhil, IREREENRFHEZ DY, B4 E A BEEREANMARFTER, ETHER. 4
SRFFEBRY . KRR BER (Tetra Gold) M R AR — 4 A4 DGR R AR HR, 165 1R R E
WS, EBRIREN 12~27TCHAKRNR, HTREHEEASERE 200U E, HHFERTE, KK,
Zit, SHESMEXHETAY, FoBRERRFEMN, LFESNEAM, 7284 R Y E X
4, 5, BEEFRAIIL 10 77 kg/hm® LAk, [FI0F i AE S8 RS B MR, REJFHEKR (Oryza sativa)
EE?:[LS'JQ

EFMAESRGE T, ARBET RO AEERFHEF, BREFUERGTAEHRLERNITR, MHE
PR AR K, RUBE PR 3R R B P B A AT B T K A 7 S BRI R B 24 8 IE 5K it A
FUEEfE B EUCGEE R . BEFBE RO ALFRFEYE MR, REETPHEASFESR
AR (8 g A A (U B R A U IR Ok . BE A T RE SR AR I AR R . WA
MR EMA AR TR E - R MR Y, YEAFERBMME S EI®HOFEEN, T3
R HHFEREY . XERERAFFELE, AHED TYRTHSEAEE (UMREITD 0~0.250%
4, 0.2500~0.50% M, 0.5 N~1.5% Mk, @l 5HAE" . B THREEEEH 0. 2500w, WK
EHLERARBENEE. FILAOFREEHNRE SR 0. 25N EREFEMREHEF .

AR KA AR MR L, BFRAFEEL T AMARREKFTFRERZEEOERK, HRESEM
HE A& R EME, B — PR K T % R IR A B AR M B R AR R T i 4
A SR,

1 #MH5F*

1.1 R

I T 2006~2007 EZE R E G L AHFBE ST R LXK i 1T, KBRX T AHBES -5, Hl
SRAE MR 2.870%, £HE 0.172%, 28 1.546% ., 2480 .2.64%, pH {4 6.12., AER R H L B 45
[CaH, (PO,),H,0, & P,0;=>12%], &4 (K,0=60%) FRE (CHN,O& N K 46.0%), B
kAR R SR, B A E R E AR,
1.2 RKE@igit

RIHETE N BE E XK (Zea mexicana), TP R /NX K 6 m? (1.5 mX4.0 m), IFERAETEA /D
X 45 — it BEAC o AR5 1. 5 kg, RALHH 0.1 kg, B/PXBEEHMEN 12.0 g, RAKE, 8/ KHE 14
o

WG R AKX &I, EXAHER 6 NMREMALKE, 405 H N1, N2, N3, N4, N5 fl N6 £, H
6 MNMREMALAKFE K. N1 g & & 0 kg/hm®, N2 jfi4li & 50 kg/hm’ . N3 jfi 4 & & 100 kg/hm’, N4
it 2l & i 150 kg/hm®, N5 a4l & & 200 kg/hm® . N6 jifi 4l & & 250 kg/hm®, B3 844 F H LA 5
W SHEREME 1 ADAMBRANEGEE 2 KT, SKBES 4 KT, B87d 1K, BRESER
1/4, BIXA 4 FhGAE X, BIRRZERGE/EHK . IREZARMEETEK. REBREEMIREB R T
ML, 2B PL, P2, P3 A1 P4 fRFE 4 MG R.
1.3 RENESHH

MEFLEFHILNE S K, 458 T1, T2, T3, T4 M T5 FrR. XE RIS/ X B A F X FRLL
BE DL BEFE O Bk M8 2 RO E > BEBCRI bR &, OO X (B 1E S 4r BEBOR bR U 8 (8. FH R B O ik BBURE )5 R
H, RAREGSCHARTEEERRTE, WEBREZETYREE, NS HEANELEREE.
BN X BEELBANFHREEISEER, RETYRSETRREEZENTE &,

MEFMBAZENERAKGRE, R—EROHEDMBIERS, KRR 2 g, 23HEAZ
BB, A 10 mL BTk, ABEBmE O, BARKBS 30 min FEH, FHKKLH, 6000/
min B0 15 min, WE EHR 0.1 mL FRIFERXE S, REMA % KHBR—KEBRER 0.4 mL, RYJG



A B TR 9

#EET 20 min, FMA 8%NaOH #EW 9.5 mL, AHEZRG, UEHIEXIL, 7 410 nm FK EillE
Y ®EHE (optical delnsity, OD) {8, 7EfnfEdLR E &R SR EIA T BT RMSEAKE.

LEERNERAEMEIRERAEDY, AEARSREEBRESA TR X6.25 TE . FEMI <X H
H sz 1L-8800 R ERE H 3h 4 #r L. ‘

% R R RS R RCR P IR S % EAES TR SL RS Mk, BTN A E
FE &R (total N accumulation, TNA), HfimAHk CEHME) ABHBREMLEM. RETYHEA
# % (N dry matter production efficiency, NDMPE), H{HAEKTYHRMRBZR S A mMBAMAKER R
B (TNA) . FYRFE4 %% (dry matter production efficiency, DMPE), B ifif FUAH #k T 9 %
FREsES5aE2t,. MEAKEAE#E (crude protein production efficiency, CPPE), B4y i FAH £k
HMEAFRSESHERZL. AERZME (N agronomy efficiency, NAE), Jifi &AL X 5 At & A X A2
BrEBEZE5EKEZ., AEEWME W HE (nitrogen apparent recovery ratio, NARR), (i i fHH
BFENERARESEAERENAE . AENRYLE (N recovery efficiency, NRE), jifi &ML X 5 At &L X
HHAERREZENEARN BT,

1.4 HEABSHITHSW

F Microsoft Excel #1784 403, F DPS8. 50 Giit#k i ir —HERBE R AL S 4 (LSD %)

ARG HE 1T .

2 #R554

2.1 HMAKESHARAMBEESBEHNXE

BEMHASERMENE K FHEREMELER (£ 1), N6 AL BERRSERS NS ZRAE
% (P>0.05), {HEHRBEET N1~N4 (P<0.01), N2~N4 =Fhb B BE B BEREFARE (P
=>0.05), HELH BESTXHE NI (P<0.0D), HHAEMBEENPEEARENRIEEH. BRI
A BERMSER D= E W, Pl A EFBEENSIEYRELT, SPRHEAFTRLEREARE (P>
0.05), (HRE®ET P2 (P<0.05) H#wEET P4 (P<0.01),

X1 HBAAFEFSHAANBZEESERR G
Table 1 Effect of different N application levels and methods on the tiller number of ryegrass plant

i B P1 P2 P3 P4 H{H

N1 8. 80 8. 80 8. 80 8. 80 8.80 dD
N2 13. 40 14. 04 12. 91 13.18 13. 38 cC
N3 14.53 14. 02 14, 62 13. 07 14. 06 cBC
N4 15. 60 13. 96 14. 74 13. 36 14. 42 beBC
N5 16. 33 13. 87 16. 64 14. 89 15. 43 abAB
N6 17.51 15. 11 17. 31 15. 02 16. 24 aA
¥ 14. 36 aA 13. 30 bcAB 14. 17 abAB 13.05 cB =

& ARG F 8 FZR HAR R 3 H2 5758 0. 05 M BFKF AR KE F 8RR AR08 H{E2 755 0.01 ) BF
KT,

22 BEKFESEFAWNBEZERTHRW
REFMHREHEBEKFHREMES R (R2), HERMBMEAERES T 100 kg/hm* (N3)
i, BERMKBETRE, BN3~N6 LB BERNKBEFARE (P>0.05, HREBEMREE
& T N2 (P<C0.05) #1 N1 (P<<0.01), #BEREMALNBEENKREHEAREER, B —LEHE
ABASREBEFNKE, EELSMEREEREW., BEA AN BEEHHKR L SER—EHmW, P3



10 AV AW RIS & BAEERAUH

A A7 3 R kR AR A, S PLAI PRI AERARE (P>0.05), HEFRT P2 (P<
0.05),

F2 BAXKFEAXANBZEH/RSHRIE(cm)
Table 2 Effect of different N application levels and methods on the plant height of ryegrass

15 [ Pl P2 P3 P4 ¥ia
N1 39. 09 39. 09 39. 09 39. 09 39.09 cC
N2 59.19 56. 34 64.19 58. 28 59.50 bB
N3 64. 49 62. 49 65. 44 63. 47 63. 97 aA
N4 65. 92 61. 62 66. 98 63.18 64. 43 aA
N5 63. 64 62. 54 63. 78 62. 68 63.16 aAB
N6 64. 81 63. 52 61.13 66. 65 64. 03 aA

o] 59.52 abA 57. 60 bA 60. 10 aA 58. 89 abA —

2.3 MAKESAFAWNBZETENTT

WA EEE TR R B ES TR (X3, HMEMEKENEGRES BB LHE,
NG b BE R =R BRE, MEMAEWHE LR, BEREBRRMMEM, N3~N6 b BB E
HERERSARE (P>0.05), HEEET N2 (P<0.05) fBEET N1 (P<0.01), %R x
BERWTREBAEEN, PLERFAMESREZEN B8 REE, SPPEAFXERARE (P>
0.05), {HBEET P3 (P<0.05) HB%ET P4 (P<0.01),

®3 MAAFSHAAWNBEETE=BHRMW(t/hm®)
Table 3  Effect of different N application levels and methods on the yield of ryegrass

m H P1 P2 P3 P4 ¥E
N1 4. 93 4.93 4.93 4.93 4.93 cC
N2 10. 53 13. 17 11.03 10. 42 11. 29 bB
N3 13.18 13. 55 12. 80 11. 55 12. 77 aAB
N4 15. 27 14. 20 12. 45 12.78 13. 68 aA
N5 16. 05 14. 28 12. 73 12. 90 13.99 aA
N6 15. 10 13.03 11. 85 11. 45 12. 86 aAB

¥{E 12.51 aA 12.19 aAB 10. 97 bAB 10. 67 bB —

2.4 BRAAESAFANEZEHEASENTW

WHRRERTREFY HUZEM R4, 2l EA SRR, B3R 2R 3h Y 891 L
R AR ERGBERWHEASE, BEXANHEASTEMEBAKENEGTZLES (O,
DY Fof it AL 7 8 2 DA 4 N 1 it 4 U R N 250 kg/hm’ P EE A S ERE,. BB FEE T N5 (P<0.05), %
BEET NI~N4 (P<0.01), NI~N4 HpEEBAENESG, MERNHEEASEH “4HBEER (P
0.05), MR AN BEFMHEASTRGZELW, PLEEF XN ESREERNHEA S B8 RRY,
S5 P2H PR EREARARE (P>0.05), HEE®ETF Pl (P<0.05),

B & MR AR N, BREEHEASERES (B D, 3 T3IMEEFHHHEEASRXD
d, WTIRHEEASRFYES39.9%. MEREENHEASERG TR, 8 TS sHEEA S ERKE
BFRAR, e T1AHEEAS R TFHEME 24.8% ., b T3 RPHEA S BB 46. 2% . MO AR K F 3 4
Br, T3 TIHEASEERBERLM AN N3 (50.05%), &AM N6 (27.11%), T5 Lk TIHEASE
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MefE L0 N5 (30.48%), N1 iFBSA#RE (7.99%); MM FRX A, T3 T HEASEES
BEZB KR P3 (60.70%), B MHR P4 (29.65%), TS W TI HEASBEREZLZH N P2 (30.53%),
f/DRA P3 (11.85%) . BIAEF MMM EMHE A REWME K, 7 6 FijEAE K1 4 BjE e 7 X F
BETHHEASEREEREERFEAARRREMES.

F4 BAAFSHAAMNBZEHEAIENRMWOD
Table 4 Effect of different N application levels and methods on the crude protein content of ryegrass

WiH P1 P2 P3 P4 Py
N1 12. 65 12. 65 12. 65 12. 65 12. 65 eE
N2 16. 39 18. 41 18. 59 22. 46 18. 96 dD
N3 22. 14 22.05 21.05 24.03 22. 32 cC
N4 24. 22 27.00 26. 40 26. 34 25.99 bB
N5 27. 82 27.03 28.25 26. 74 27.46 bAB
N6 29. 06 29.75 30. 28 30. 01 29. 78 aA

{8 Average 22.05 bA 22. 82 abA 22. 87 abA 23.71 aA —
40 3 40 P4
35 | ~ 33

g 30 | £ 30

) 4T,

g 20 f q 20

¥ 15 15

2 0 | * 10

5 = 5]
0 : 0
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Fig. 1 Variations of the crude protein content of at different cutting periods

25 MEKFESEAXMBEEEI ANEHEEZEANSERSBHRNG

REFHE 3 WXE (T3 MEEASEEREE (F 1D, BHibxt T3 f9REEHTHEAMEER
FRWE RS, HREY, T3 WREME S & 8RR E A K TR S mZEL RS, 4 /ey
HAE N3 FI N4 A AR Ne~N6 MHEA T REFABE (P>0.05), BEHEBERT NI~N2 (P<
0.05), MEAHTAWMBERMHEEASRERERW (P>0.05, MAMFEHEDSESBEENELR
Th, ERELEMBREFTRER S RDES TAMALLE (P<0.05), N3~N6 B EHELR S E
ZRARFE (P>0.05), HEERT NI~N2 (P<0.05). BHiFGARNOHEN, HEOSRIESBEE,



