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(L B RO RS AR IR SR 24 e, Mo 2100375 2 R [ RFE B B u HHERE ST IR TS Jevh B R R Py, ®AT 210008)

W OE: RS HRNXORE, BT AR AR T 8 ER R SRIENZISA, DA R 5 E &
LRI, SRR SRERBUEEM, wE 40% BN & ER R A KT B U ER, FRRIN R AR AR
PARCRAR 208 AR U 5 SR R A K i (e VP R BRI A S . SR 40% KRB R 85 = AT Ve & B IR
BT B A B M R A I S R, AR R U EE SRR A A B R, JA ) 12019 mg/kg, SR AR
o 224 T A AR 2 BRI e A
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SUZWFIRAL . RARA R A T O A
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TR WRMCRE AR 55, DRI T 5 2 T SR AT 0 452 v
(K353 FE RN . 530y, RARIEER AL
TIEFR R AT R IR R . WRCRE TSR E IR
TBA BRI R KL AT 591 %5 S FIA RO
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WOL R AEI 1A, FOoR DG ORI IAR R M 3%
JIsma RS i SRR, W RS R BT
LRI P B AAR S E RIS, SR SR
RIEBEKIER CGERK. IR EARARE Xt
PR R ST D

A T N L DX RK R K a5 A 2 —
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s, BLEWFSE 32 A TR E e Mg e I 2 AR S I A 1F
Xf 4 PF G N R R R TR R
WS, TR N SR ZE GRS il R SR e 1
bR A RRE— D . Dk, ARSEES DKW A
TP b DX BK 2 DML i SRk e 14 3 S5 it 8 1 Ok A
Y, WA N ZACFRERISER:, 0705 ERRE
BEKE=EMHICR, MR
Shy IR b XK 2 1A il A R it A LR 2 i

1 #MR57E%

1.1 ik i R R 4

AR T 2009 4F 8 HZE 11 HLEA TR HL X
IIVL I8 T8 T SRR A AT o e 1 M4
IR, ZAMI HFAE T 20 4FA_E R /KA HI obh
MoK KA TRIAR S 7mx90m, MR R 2 4, M7
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FEARFIA IR A pH 6.09, HLF 0.19mS/em, HHLTR
27.9g/kg, 4> N1.06 g/kg, NOs-N 35.0mg/kg, NH,"-N
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HEEMER, 9 H 12 O Roet, 11 A 11 HlGkste.
1.2 KIG4IE R M E &R

RV 6 MEFE: ONO: XA, A @
N1: AHEfbAE N; @N2: FRHEA RSB N b
60%, B[zl N 208 kg/hm?; @N3: HRHEA B> it N
HR/D> 40%, Bzl N 312 kg/hm?;, ®N4:  HIE AL [
S N B> 25%, B4l N 390 kg/hm?; @©N5:
AR BT N ARFE, ARG BT 7E M4 P34t N
AKPfisE, B2l N 520 kg/hm?e N JIE i JH %50 JR 25,
KA L IRFENE 2 OB NE, 1% 50%. 30% Fi1 20% (1) LL4)
Wi . # b3 P K AEFIAT HLAE A REAR T, PR ALAE
FEAERIE VAN, KRR 1 XFEIE 1 UGB,
% 50% F1 50% [ LLApit FH A AUIE G838, P IR G
RIRAT ) AN K B CRRLER A ) it FH #2435 N 70 kg/hm?,
P 120 kg/hm? Al K 150 kg/hm?. /NMX A% 2.5 m x
7.5m, EH 3 W, BEHLXAHES. K R
MM A ARG IGERE Tk, B AR AR R B 5 1
3~ 4 KK, BTG 2 . BT IR 2
it 5 e K o
1.3 HREERIBENE
1.3.1 WMAESEEIE  RAZED, 2
SEEREY CRIRARJE 15 K. X AP (4K 30
R RIS (B 50 KD EEUh A K34 —3
MR e B IR, $2BU 44K 30 cm, %% 50 cm, VEJE 40
cmo FHZAKMPESRIG M R . H1451C (Epson 1680,
Indonesia ) 14, I 4 7 ¥ £ /¥ (WinRhizo Pro
Vision5.0, Canada) 73#T1, sk1F MR K. RE A,
MRARFARIRCF- 2 BRI RIE TR R . i EIAFIR &R
SEREE ]S 4TS (105°C, 30 min), 7F 70°C FHLT&
THE, R
1.3.2 FERCRAE HEYIFENCREE: B E DIARNX 4
HRRE . WO B SRR E Ve R R R A
3 KT . RIS, S NXIEHL 3 bk, HURERKHL L3,

FHT-I0 e AR N 5o

1.3.3  Wsrfh R FRAmE Ve [ R
2,6- ST VAN, WY £R (1 5E 1% GBIT5009.33
B PO AH PR £ 5 IR £ I 2 T FEPIRE ST
I 5E R 105°C R4t 30 min, 4844 70°C 4L 72 h
. 4 N FIK H,S0.-H,0, &M, [zhE s
(BUCHI 399) lj5E .

1.3. 4 IEERAL R TR I 2 FHLUTCR A I E
BRI AL - R e, 4 N IR HS04-H,0,
WP, Az a (BUCHI399) lsE. @A N F
H 1 mol/L KCI # i 4e, =3 %4 e a e vt
A7 ERY, Wk PSR 0.5 mol/L ¥ NaHCO, 4-
BBk e, # K R 1.0 mol/L )
NH,OAC 23— K453 Y FE iz, pH il e 7K
+Hh 25:1, ] pH iF (pH211 &) el i
K (EC) MsEK -t 5:1, A DDS-320 % Hi 34X
e,

2 GRS
2.1 FEBEKTHEERR R EEHENEHN
20

R EE AR R AR KRG AR PRI, AR R K
SRR, MR 1 ATRURH, 7058 BRI K, A
Jiti NCAREE (NL) R PR T EE 2 3 v T ANt I 0 i A
HOONOD, BiH P K XTESEMR T E R RA 2 m
TR . 5 BRI (AEK 15 KD, FAbHE [h)
FALE, N4 PR E S KT N1I. N2, N3, N5
AbEE, {H N2, N3. N5 jifit b2 [AJC B3 % . 1E
SR RV (K 30 KD, BACHE R T EARLL
B, N3>N4>N5>N2>N1. 7 & sl (EK 50
KD, N3 MBI E ORFrR &, 5 N1L N2,
N4, N5 &b FEAHLE, 23703 n 1 35%. 22.1%. 11.0% A
9.5%.

R 1 REFEEKPIRM LM FEHNSEL

Table 1 Dynamic changes of root and shoot dry weights of lettuce at different growth stages

Ab T TR (9/kk) HEFTE (9/kR)
15d 30d 15d 30d 50d
NO 0.065d 0.750 ¢ 1.02d 0.60 ¢ 9.32b 32.26¢
N1 0.105¢ 0.905 be 1.20c 0.95b 8.01b 24.84d
N2 0.150 b 0.980 b 1.16b 8.40b 30.00 cd
N3 0.175Db 1.205a 1.62a 1.10Db 13.30a 39.53a
N4 0.235a 1.097 ab 1.46 Db 1.74a 11.18 ab 36.71ab
N5 0.155b 0.940 be 1.48 ab 1.01b 10.48 ab 27.26 cd

Ee FPIAFRFERRAR N AR AY A p<0.05 KV FZEREE, T,
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MWK 1w LEH, fEAFEET, 5 EH -
TEERFEALMEA B 24K 30 KIF, 7EEN
AP (N1 ~N2) 85 N K (N4~N5) T, SEAR
R BA P FER, Ho B AR 2 2 BGRET,
N3 Kb 58 B B EIA ) 39.53 g/fk, % N1
NS AL AR G T 1.6 £ 50 1.5 £ .

2.2 AREEZRKENSERAFSHIZME

2,21 BRK, RPES S Wk 2 Pos, Al
N 7RSS0 58 1 R AR R S 25 o 7 58 1 (AN A K,
BB SRR Tl N RN R 22 5 s, A B
B, BILL N3 K Pkl . 7E5 E AR,

5 NL AbFAHEE, N3 ALBR B8 E ARG I T 28.7% ~
36.1%. BHEAFIAMAELE, N3 ARH 15 BB AR KT
SERAN, A5 EWGRI A KT . ORI, B N
I, 5 R AR A S N 5 T B .

TE B EWORAT, S ER ] B8 E AR BRI L B
TS BRI, N3 AREE R E AR B S
S N1 N2, N4 FI N5 405 11.8%. 4.1%. 2.7% Hl
5.6%. WK, &8 EARCFEAS E, N3>N4>N5
>N2>N1, 5HEMRKARL S 755 EBGRTTG T
e, RN JEXT 55 E R A R e ik F 56
MK .

R2 REFREKPSMREKMREHERNTEL

Table 2 Dynamic changes of lettuce total root length and average diameter at different growth stages

il SR Cem/#) MBI AR (mmigk)
15d 30d 50d 15d 30d 50d
NO 1466.8 ¢ 1856.1b 21854c 0.48 a 0.63a 0.69¢
N1 1654.7¢c 1879.7b 2248.1c 0.47 a 0.63a 0.68 ¢
N2 1682.8 bc 2078.1ab 2 486.7 bc 0.47 a 0.54a 0.73b
N3 22513 a 2420.1a 29437 a 0.49a 0.57 a 0.76 a
N4 2068.6 ab 23212a 27784 ab 0.52a 0.60 a 0.74 ab
N5 1811.3bc 2010.3ab 2576.4 abc 0.50 a 0.61a 0.72 bc

2.2.2 MR RAR  RERLOBEMHDAEK
REMELERR 2 —, ©5KS . FAMRKESE
RN R . WARRMARM R/ NR IR REE 105
i, MiZmfEm &2, W% 3 WA, 7
B4 B BRI, N3 ~ N5 AL BT 54 BAR R T A 2 v T
N1 Fl N2 &b, {H N3. N4, N5 &P Al R. 4
BRI, NO ~ N3 ALBEjE N BIuH KN, i
MR AR BEAG It N & 3G i s, 1 N2, N4, N5
WbFRZ [RIJC 28 5, RIMRR AR KT — iRk
)N FZAER, (HIFA GBS . 55 EBORIN AR
AR 345 22 KW — 2, HoBE N3 it N 7K

VG, BEAE N SN, S ERRIIR R B
TE. 5 N1, N2. N4 Al N5 AbFEAHLE, 55 E Gk
I, N3 AbBEN 5 EARR A N T 25.4%.
18.7%. 6.6% A1 8.1%. LRIFE SR RKIMAR, FH
TIRARBORE YT, 3L 58 E SRR KR A T A
K, R E K.

54 B AR AR 1 AR Ak a3 5 AR R AR — 2, 76 NO ~
N5 A EEAE N VIR Y, N3 AR EE T (AR R ARG 2R EF
e B EWGRE, N3 AbEE R ARMARL S 10.17
om* /R, B N5 ALFERGK: 28.7%, 255ikF b E KT
(p<<0.05).

£ 3 RETRERKBREEBRARIKRENEEN

Table 3 Dynamic changes of lettuce surface area and root volume at different growth stages

s TR Cem?/Bk) HARR (cm/k)
15d 30d 50d 15d 30d 50 d
NO 246.1b 2786 ¢ 473d 35b 3.8d 78D
N1 2735D 294.7¢c 481.2 cd 3.2b 3.8d 770
N2 259.4 b 395.2 b 508.3 bcd 31b 6.2c 9.2ab
N3 367.4a 485.0 a 603.3a 45a 8.7a 10.2a
N4 370.8a 4176 Db 565.7 ab 45a 76b 9.1ab
N5 3325a 4189b 558.3 abc 43a 6.4b 79b
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2.3 AEERKEMNEEFSHFNT

MK 4 aTLLEH, HIEX (NO) AL, Y
PUBAAIER Py K JEAHE (N1 FERRESE m s B
i, YOI N 2 R E R T 5 ONL AR L,
N2 ~ N5 KB =81 T 5.71~13.86 t/hm?, 22571k 5%
BEKCF, KRR N 8 N AT o 5 1
. Y46, N2. N3. N4, N5 ALBRZ ), B E >
RPN N3>N4>N2=N5; AIXT N1 A3, %t N
b ER BB PR A T 11.6%. 25.1%. 18.6% Al
10.4%. 24 P 2045 NI kb 40% S AN(H
AR e, RMIA R =K. AR N AR ER
NESE A LR BRI

&4 AR N KFETRERTE

Table 4 Yields of lettuce in different treatments

Ak B Fo (thm?) B (thm?) = (%)
NO 52.92d - -

N1 55.13d 0 0

N2 61.55 ¢ 6.42 11.6

N3 68.99 a 13.86 25.1
N4 65.40 b 10.27 186
N5 60.84 ¢ 5.71 10.4

e R = N OTEE - R NGRS B9 = N X

- R N KPR N X

i

2.4 TRAMEAENZERRZRZWH AEZIT
A K N OIEFRMA 2 (%) = (i N X N
- ANl N X N &) /i N & x 100, AN AL
FEALAE N A2, i 1 £, N3 A N & ER -
BN A k3] 38.14%, W m T HABALTE, B
WIE e A, st NOIESEN RS EE, 3R BEE I
A E N BRI N2, N4 N5 Ab3H 2 [i) 25 AN
B, RN 17.77%. 22.00% 1 13.11%, H ik
RSB N KN N IR 2K 1 RS B
N BT, BEE# N s8gm, SEm N ZFH

Rgm, (BT —EREE, SER N R ELS N
B2 AR ARG, 35 1 s O 1
IR TE R — B [EMERRE, R N &
1) N IEZUAR] 2R, KA 13.11%, JEAKE N
NERAFEN 7RI, XFEREIR 2% T IER BT, Rl
X IR 1 R IR s 7

N3 N4 N5

busiil

45 ¢
40 t
35
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5,
0
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B 1 FEME NAAENEE N R AR

Fig. 1 Effects of different treatments on N use efficiency

2.5 FRETMAENZEZHEBRAF Ve RENF NI
% 5 i LA Y, N1 AL FE T (1 5 25 e £h &
B E T AL AL EE (N0, JiMHFR TN, P, K
SERMERSE AR N T2 — o 5 N1 ACEAILE, i N &b
PRI 5 2R Hh A S I T 0.16% ~ 52.4%, KIATE
i N B3 NORE ] B 5 R v 1 2R P A IR
o H N2, N3. N4. N5 jiliJEACEE 2 [ AEEb 2 2
S, RPAEREE BT N BIREEHPN, SEZEm
HRR AR S N RS B B IEADE, Mt N HEHK
B CNS AbERD, fiFffe £5 f th fe i, =ik 1291.94 mg/kgs
Ve 2 i —ANEE N TR, Gkt Ve T
FR S MR Z V)RR 2 5 KW, i N AFEK
PR Ve & W m T, e E B NS &b
R Ve &, 5% 35.93 mglkg, SAHE N X
(N1 b, #900758.3%. jfi N St N3 K5,
BEZET Ve ST TR {H N4 FI N5 ZbBR R
Zedt, RWHER N ACER, BEZEDH Ve &2
ZNEE

x5 TELEBMREZWHEEMVCHEE

Table 5 Effects of different treatments on V¢ and nitrate contents in stems of lettuce

Vi NO N1 N2 N3 N4 N5
THEREL (mg/kg) 783.46 ¢ 847.94d 849.26 d 1056.01¢c 1121.73b 1291.94 a
Ve (mg/kg) 184c 22.7bc 31.83ab 35.93a 30.6 ab 29.83 ab

T TR FRERR AR LS p<0.05 /K FZERRH.
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A EURIIE e 3K oy R dEm i, s fop 2%
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HBEAEE N SR, SENRRMEKEL EAET
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B ERR R KA R — e e, s N A
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PRI 5 AR IR IR AR, TP
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& S ER PR bR AR R

Ak, AWTFELE REW], AT KRR BT 4
PR, N3 (312 kglhm?®) AR (58 17 e, ik
) 68.99 thm?, ARSI N #ILL, H47~ 25.1%,
TR BRI AL (R RE 9250k N 40% A&
FORYZEYIR, AR N AT FR 5 1 8 m
I RIS OL, O T2 NI A o, ke
SRV R R, VRS 2B IR S AR
R, RIARTAEY AR, WP N,
[F] e 385 PR AR 2 5 3 5 B A 2P g g 4 R — 5

BT AR S B P (v Yo iy, L B i iy
GRS T B R . X SR S
FEFENZ — MR Y KRS RY, o &t
B2 S SO SR B R SRR BB AR e AR
29 kPR g NI 3 2 R T S BUR S
KRR KRR, (HIEAR 2R e R R
B [n] R A S AIT 9T 45 R W], AR R ) it N (520
kg/hm?®) I 5 B 25 AR 4L & S ik 1291.94 kg/hm?,
CLHERT GB18406.1-2001 A<= &b 2 4 i B Jo A S i o
FR2E2K NO5™ PR 7E <1200 mg/kg 11224 EE kB, N4 4k
HUR (AR 3L & B BB bR, 9 E.

ZE LRTIA, AT b DX R R M B4 AN A K3
(IR R SIEE, 451K, N3 (312 kg/hm?) Kbz
B EAR R AR K B B E A, U RN A
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Effects of Different N Rates on Root Morphology, Yield and Fruit Quality

of Lettuce Cultivated in Plastic Greenhouse

LU Kou-ping*?,

XIE Yin-feng',

MIN Ju?,

SHI Wei-ming?

(1 College of Forest Resources and Environment, Nanjing Forestry University, Nanjing 210037, China;

2 Research Center of Non-point Source Pollution Control, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract:

Field experiments were carried out to study the effects of different N rates on dynamic changes of root morphological

characteristics and the yield and quality of lettuce cultivated in plastic greenhouse. The results showed that as compared with farmer habitual N usage,

40% reduction of N fertilizer input enhanced significantly lettuce root growth, mainly in increasing the root surface area, volume and total root length

greatly; but the promotion of nitrogen fertilizer on root diameter was only observed in the late stages of growth. The highest yield and vitamin C

contents were obtained in the treatment of 40% reduction of N fertilizer input. Furthermore, nitrate contents of lettuce increased with increase of N

fertilizer input. With farmer habitual N usage, nitrate content of lettuce reached as high as to 1 291.9 mg/kg and exceeded the safety standard of safety

and quality of agricultural products for root vegetables.
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Taihu Lake region, Greenhouse vegetable, Nitrogenous fertilizer, Root system, Yield, Quality



