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# OE: [869] BAABEFRANTLERREH AL SE, SRBAMRERGERZR. [FE] e kiid
A4 E3E, %A Hydravance™200 GRIEME RS R @ENH) . FTAHBERR-20 (REZ—ZBERF)
FB AR (K iAT RAETERF) 3FHEGERF, UFKEBATE (CK) , #K+Hydravance™200 (T1) .
FK+T R AEEE R EE-20 (T2) « FAR+BAK (T3) AFmik@EEMNAE, BLFEARZBRRE, HARELBEH
R R BB R LTS HEG PR, EERZRRBAZAME ZERERA (NO) F i (N1 2 AMRKF, K
AE Fi&, & 8N4, Bp CKNO. TINO. T2NO. T3NO A= CKN1. TIN1, T2N1. T3N1, BAAERFF R £,
R IFEBEEFNSTEHRAEAZEEK, RARAREZARREGH R, [4R] OFARFRBEN: 5 CKiak
T, T2, T3 &AL K5 eI mE4, MAELEFHIHH, BIKTE (20~30cm) LEAESAE; @&HK
KIE £ : B CKNL & Aark, TINL &4 Fa9x L3REEF B VC B9 AR S T 26.61%H= 175.61%, A ZEF A
EREHT 2104 (P<0.05) ; T2N1 &332 VC &2 F#R 5 104.88% (P<0.05) ; TIN1 &2 EARKA=EARROY AR F
61.98%#= 112.90% (P<0.05) . 5 CKNO &t 3#Aatk, TINO 4324 ¥ L3 &8, VC B AMBKR LT L EEIK,
kg A% 19.57%. 43.84%. 81.75%; T2NO 432 VC & A= sl ik 2 ¥ 9 AIIE 1K T 24.66%4= 86.52% (P<0.05) ; T3NO
KSR AR 3B TEIKT 68.50% (P<0.05) , {2 BARK A= B Akin 8 F 4R % 51.64%4= 87.18% (P<0.05) . [4it]34+%
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ARG e R 2 K. [RF 7Tk e ] R
FL A KRB K M, 78 AR o T T 7k A7 1) R
i, B8 T HHKY NS, REK R, 2
R 5t 5B, £ AN ABWHIET, DY-ET100
CRBECACIE A HURE ) 425 2 T3 1 70 P 275 7 2 [ R B
AL AR RS 2K 5, BRI sk, R
i VC . Chaichi M f R, EREL IR
IR . R AR R R bR B L R Y& £
BRI R G 7R, mTHm] gk R,
181 KK 43K FH 2 184 40 9.5%. Abagandura 25 ZERb
B4 RN OAC (10%iH BRIER 1k BLIL R YD) 1R
TR, B USRS T 52%, R T RER AR
MR, AR, R AR R A b TRt
LRMEHER, BAMPEERRE 37%~46%, HEF
FHRIE R 61%~67%. (HXI/NRMFF R, L3k
T35 P A PR AR T K A RV £ P R AR 145 5
R EBE LFK, BB i E R SCRA R .

XELRG R ], Y CRZHENE) AL
(Tween 80) & [HI TG 77340 M 412 i £ 44 2% (1 B i A
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AR A SRINE A AR K oK RIS R 520

A YRR, AR T G ) e A A A R
P, AW CRZERENR) Ffk2: (Tween 80) K[ 14
FUERE T R R B P2 A A 2, RIS 35 35 T 3 o
AUERBERRE T, B KRR R, AR T
(A HUR e, 2 RaPpr s i B, REERE IR &
E YR B BERE AN Z M Z 7508 (PAHS) 73
¥, PREATSEHIIGERE S, ART LA )
M. [UAR]Y & Bk, FRinERIE Y
FiEE AN 334 2 07 T U — B TR, A K iz
B 7 THI R 7 5 B AR i R RO , 7R+
b B4R F SR AR TE , EUGHEY AR R b 5 7 T
IR FERR 2 o DM R B OGS iR ] Dy tl, DL
IR T Bt 8, B FT 3 R T s IR K Aig
8 S A (A o AR e ), BRI AR S A K i
J R R 52, DARA 2 100 7 14 7R A AR
A P e R AN SRR S5

1 R57HEE

1.1 RIemHt

BERMEYNAESE, mflh “eRefaiEkAER”
T TR AR TR 2R AR T SRS 3 Fh, 43
W J9: Hydravance™200, i 2 IR & R S
PEF, WHE AR KA (Croda) , %084 A2 AR Wi
Kt EOIPO kB FRERMIAL IR G H AR I
RWE-20, JYORIE IR — R IETER], W H LRI
BB AR, A BRSPS Tk
WUAA, KA RATIR G R IETER, 18 E S i
REWRAF], FEBD AN Z Ol .

1.2 k1%

PR A R A T 1L PG O K 2 AR BH A 56 2 T
(112°39'59"E, 37°3320"N) , 3EANA KA
e, EEARFAEUN: AL E 10.82 glkg, A E
0.607 g/kg, AR E 18.92 mg/kg, HAMEE 3.5
mg/kg, HERHHE 117.05 mg/kg, pH fHA 8.28, EC
4°N 243.65 pSlem.

1.3 X3t

I 70 = R IR IO A AR, =N+
RIG R F B R R B AL IX 2H 801, 351 B8 4 AN b #E: CK,
7EK: T1, JE7K+Hydravance™200, A& M4 50CH
2.50 pL/mL; T2, 57K+ 50 pERE SR HE-20, fic B4
TR ¥0N 250 uL/mL; T3, JE/K+EA, HEER
7380709 0.09 pL/mL, FEREA AL B s In T B R
429 mg/L ) KNOz, HF/MbPE 3 IRER .

RIS R A R, 730 s 02 T 4
FIAEKT 2 M Z, BIFE= N5 CKL T1.
T2, T3 AbEHIERL B AMEE (N0 A%l (N1) 2

ANEIKT, 3L 8 AN EE, 43738 CKNO. TINO. T2NO.
T3NO. CKN1. TIN1. T2N1. T3N1 kb3, 2 AMEUK
SP- (4t L 43 590 NO: 0 mg/em?; N1: 0.349 mg/em?,
DAAESERBERIEY), B 4 IRES

1.4 RIFE

FEHWRFRIRI T 2022 4 12 7 6 Hidt4r, EREE
PEEEHET (p: 40 cm, h: 35cm) 3 Aid 2 mm
AL 28 42.0 kg, KERCLFREEBERCE N s
BRI, FHEREN 2 Wls, iRk b e R
IR 2 om AL E, RUEFEBLR STE R R3O
AACE, FEREEE Y 3 L, RITITIAE4F 5 min
FRG H  REK A RE  C AR

AT 2023 43 H 1 H—5 H 14 Hi#t4T,
R (p: 17cm, h: 26 cm) 2 N3T 2 mm iR
T~ 8.50 kg, M T3 i i () £ 357K N 2.08%. 54k
KA BEAR. BPACME A B, Sl e s
23, 31. 43 d i, NO ZKF4F it N Ak iR — S8 Al
AR VEGERST, L &2 %4 0.028 mg/em? A1 0.030
mg/em?s N1 K PAE R N BRER 5 . BiEAR — UK
WYEE R, A& A0y 0.116. 0.028. 0.030
mg/em?. AR I LE L PG AV K2 e RS X R R =
AT .

1.5 HARE

EHNEFRRE: EMERL 205, RABERN
2.cm g, fEREHG S 0. 4. 8. 12, 16 cm Abi%
HRY 720 3 51 R4 0~30 cm 2 IR, 45 5 cm
NLE, e S 2RI E K, RRUE TR 3L
i, BT KRR A, TEREHO N 4. 84 12, 16cm
Lb ey 7 R R4 0~30 em 2 3RS, 4 5 em
RNLZE, WE® L ZE L3 NOs-N &=,

BRI MM, & 15 Kllw ks
FRENE, BRI L5 A, SRAEA St R il =),
VbR EPI R 2 4, L TR IE, 14
MTAEYENE, RN RERRER, H17ENHER
FaAR 3 HT o
1.6 MEIRIRR A
1.6.1 EEARARM

TS KRR RN 2 s RIS ZCR T
BNy M ACINE s -3 MU &R B AR TR A I #4302
DE s HKE K FH NaHC O, 12 $2-FHBh bt L (35 72 5
TSR A NH,OAC 12 38~ K I BE vyl e s 3%
AR YLK BRI 5E o
1.6.2 FEARARM

A2 B PSR FH BRI Sk s A0 R s USRI g
T 105 CA 30 min f5, 65 CHETZRIERE,
e F AR, B e T AR ok e, SR B
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PR ZUE I E FE R A2 T3 R AR BB SR AR it
BRI, SR B LG ekl s n s RE s SR 2,6—
TREm R EIENE VC B RSN e R
ETHER Eh & MR K H Epson Perfection V700
photo F3#{X#, 1 F] WinRHIZO 2016 1R R4 #1Kk
R EAR RIEEfab ORI RS , B 50
TEMRT

RIS EITE R RZRHAE, HEAA:

REFHBE (NupE, %) =[ Citi B AL T F 35
ZR S+t AR EE R AR D - O ZUAb 3
b R AT R+ A it 2 A 3 A S U i D 1
H#x100,
1.7 BIESHT

K Microsoft Excel 2019, SPSS 2 #i ¥, X
i Origin B AFAE s K SPSS Gt #1247 J5 254>
#r, ZEECRA Duncan %,

2 ZBRESM

2.1 FRINFREE M LA DI BN

REVE MR LK EH . Bk 1 arH, #
LSS 30, 60 min, VSN EVEVERIM T1. T2, T3 4t
HK DT B A EEE T CK (P<0.05) ; il
J5 90, 120 min i, T1. T2 ALFEIKA Bk m s
CK LREFHER (P>0.05) , T3 &M EZEET CK
(P<0.05) ; JMHELE T (150 min) , T1 A4bFE4-4E
KT EEREER KN, N 1570 cm, BF & T CK
(P<0.05), T2. T3 4:# 5 CK L& # % 57 (P>0.05).
BARKRE, WIS, W8N v PR 71 % Ak
HAHOK A BRI ST CK, BT REE /K s
IR ME R 1K ERZE LR R s,
o T1, T3 A PEAEE 2 R TP IR ¥ He 42
ET T2 AbEE, R T1. T3 ARERAEHE IR R
BRIMERLT T2 kb3,

k1 BREREFENZ LIE RS THF2Z

Tab.1 Diffusion radius at different drip irrigation times for each treatment cm
FEET [E]/min
e 30 60 90 120 150
cK 7.8140.44b 10.6540.26b 12.6840.29b 13.944018b 14.8240.54h
T1 9.2440.17a 11.6640.06a 13.2340.20ab 14.530.13ab 15.7040.24a
T2 9.1840.52a 11.5530.76a 13.0520.49ab 14.2740.48ab 15.5640.43ab
T3 9.380.18a 11.7740.16a 13.6320.13a 14.6240.22a 15.630.28ab

O RPEER T SRR ARVNG T REORSABAE P<0.05 KT EEREZE, T

2.2 BB EKSTE S

H 1 AT, 5 AREET B K o A B A 2 R
Ko FEFEHRC K77 1) 0~8 em, T B /5 [A] 20~30
cm LZ24b, CK L3 E7KEA 9.19%~17.81%, T1.
T2, T3 AP -85 /KZE 558 3.44%~10.63%
2.96%~14.94%. 4.88%~16.38%, TIESI/KERIA
CK>T3 AbHE>T2 AbFE>TL AbEE, TiHH T1. T2 AbFRER
CK BRI T FEH O i BR[0T BRI SRR, 7EKF
J7 1A 16 cm, R J7[A] 20~30 cm +E X8, CK 1%
GIKEN 2.87%~3.85%, T1. T2. T3 &LH4r5 KN
2.02%~2.59%. 2.19%~3.77%. 3.09%~4.19%, +3iEs
IKERRIN T3 AF>CK>T2 ACFESTL AbFE, T1 4L

B e AR B B /om B0 2K PR ES fom
4 8 12 4 8 1

R B Jf /em

)
S
T

0
0

10.63 -1
/4.88

3.44

T3 KRB, Y T1 AEBLK /K 4 F7 B 75 0~20 cm
T B WE LEFTLUE I, 7RO SUKF 51 0~16
cm, FEE A 0~15 cm LE X g, KAabFE+
B KR, Horb T1, T2 AP 5 7 1A 0~10
cm LETESKEHBRT CK, MHELZIREY
hn, FEEEITH 10~15 cm +J2E, CK LIS KRN
4.71%, T1.T2. T3 &b 574 6.36%.4.81%- 14.10%,
TS K ERIA T3 A>T AFE>T2 4 FE>CK.,

FOE A, AR S AL T K 7E 0~15
cm LE SRR EE, FHYSs M T FEL
B, R TR FNZERENE, Hb T AR
s

BR ARG AP B B fom B KPR B /em
8

4 12 16 0 4 8 12

TI4LE

T24bE T34bFR

TS RE %)

T
25.00 22.13 19.25 16.38

T
13.50

T T T
10.63 7.75 4.88 2.00

B 1 e REZRHH
Fig.1 Spatial distribution of soil water content
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2.3 RIFTEEMET LIBESE T E S H A
THASEA 1 LI AR, 2 BEACHEE R~ 2
+3E, B2 AT, AR RS A R A
AF, CK fEFEHO FUKSF 7R 0~8 em. FEE T[]
20~30 cm T EHHBMEEEIEAX, MERREA
103.54~172.55 mg/kg, FI{HN 138.05 mg/kg; T1. T2
AL FRLERR AR O K5 1) 0~4 emy &L A 15~25
cm LE, HIMEREEKX, MEAESHN
37.08~81.64. 26.38~55.34 mg/kg, 1 N 59.36. 40.86
mo/kg, —HWMET CK; T3 AbFEAERHE O S AKCF 7
] 0~8 cm. 3 L J7 4] 20~30 cm 2 H RS A ZUEE
X, A% EN 68.95~135.02 mg/kg, HMEJy 101.99
mg/kg, HIHSREREZMKT CK. WK 2 &0 E H,
CK. T1. T2 4h¥fE 12 It I 7S RIEH X,

Hdr, CKEEREH.O KM 10~16 cm. LT
] 0~5 cm )=, HIL VA RIEE, MAEREE
N 77.48 mg/kg, T1. T2 A4 F 2 AE /K7 1] 12~16
cm. I EJ5A 0~15 cm AZKFJ51H 12~16 cm. 3 E
J7 1A 0~5 cm L JZH HEUE A EUEAE, T1, T2 AbFEAH
SEEWME N 67.40. 60.03 mg/kg, HHSEE
BFET CK; Y4k CK AT T3 ALBRAERE s 5K F- 7
] 8~16 cm. TR J7[A) 15~30 cm ¥JHEL TSR E
Bm X, CK B XM A= 88.37~126.46
ma/kg, FIME N 107.41 mglkg, T3 AFRREASEE A
43.27~83.13 mg/kg, ¥JMEN 63.20 mg/kg, WELT
CK. #ikF, 5 CK ML, @InaRmyE At T
THA B LRI S 040, T FAR T SRR N2
MRS, Hod T1. T2 AR T T3 AbFE,

B0 R KT B B fom B0 REKT B B /om B 0 REKT B B /om B 10 REKT B B fom
0 4 8 12 16 0 4 8 4 8 12 16 0 4 8 12 16
0 : : : 0 . T ! — 0
66.25
st 4395 784 St 3340 37054070 | | 69.90 St 2688
S /
N 29.75 4435 /
10k - ot 10} /) 86.
P 33.40 2
e g =
15 JN:;///J@( sk 15k _

T H R #/em

————
! g pe
25k / <>6.1

J20k =
44,35 1059

37.05 40.70 26.10

:mfc\‘\*éé@\\\ /
29.75 245 |20F 120; @ 7 3613\
20>
g |

26.10 29.75 25k 76.25 61.44

46.63
\

2245 \
\
\

91.06

30 30

CK T

T34

ety ek [
,

T24b 5
| |

T
1725 153.7 1349 116.1

T T T T
97.25 78.44 59.63 40.81 22.00

B2 THMEAS WA
Fig.2 Spatial distribution of soil nitrate nitrogen

2.4 FRINFREE M RE KBRS
3 A A EEX AR SR AR KR bR RS . ] 3 AT
H, AMEEKMT, EfE 15~60 d i), TINO &b
APk RS CKNO A ITE R % 5 (P>0.05) , {HE
M5 75 d B, TINO ARBEAR R CKNO Ab 2 5 2 FEAIC
7 10.71% (P<0.05) , ifii T2NO 4bFEA T3NO 4b3E
PR AN AE E 1 J5 30 d I A b ey s e AR S 45~75 d B,
TINO 4bFRA-SE R IR A CKNO AL FR & %, Hde
fJ5 75 d B, TINO 4bHE4E CKNO AbFEE EFEK T
14.28% (P<0.05) ; M5 15d, 5 CKNO 4 FEAH L,
T2NO AbPHA SR REIRE & m | 6.52% (P<0.05) ,
{HERE G 75 d I, T2NO AbFEA: % fRiE 5 R Pk 3,
T3NO b A= S R A e M J5 15 d I H2 5 1 14.13%
(P<0.05) . fEMEZA &M T, 5 CKNL AbFAH LG, TINL
A P A A W A SRR s R R R YA BT R i E
ANEE EH 5 15.30 d, T2N1 kb3 A4 SEkk i CKN1
LE PR S$E T T 34.00%F1 38.00% (P<0.05) , SEMH
J& 60d i, T2N1 ALBRA=SEREIE PR 1 18.47%; EHE
JG 15d i, 5 CKN1 AbBEAHEL, T3N1 AbHEA SRR IR
P T 16.48%, T EME S 60 d B, T3N1 AbHAE SRR
RS T 16.84%, 15 1] TINO 4b B} AE 32 (1 A4k K AT 4

HIPEH, TINL ab3E el {2 AR 32 AR, 17 T2N1L T3N1
ACEEA R AR e e 15d) Ak,
2.5 RMFTEEMEFFTERERRRHZN
R 2 Al 1, ARSI T, &AL AR S 3
o JR B LI T3NO AbFE>T2NO ALFE>CKNO AbHH
>TINO 4bFE, Hrp TINO AbEEHE CKNO AbFHEFA(K T
19.57% (P<0.05) ; Jti% &1 T, 5 CKN1 &b EAHLL,
TIND 4b 2 Hh B3R 6E R & B R A T 26.61%
(P<0.05) , T3N1 4b#4: CKN1 AHEFEIK T 16.18%
(P<0.05) , JiiZ &AL ¥R ER I TINL
AEBEE>T2NL Ab#>CKNL Ab3>TINL 42 . #dsink
i3 4771 Hydravance™200 At U (TINOD A3t
FOE OB O E MR, W R moE A
Hydravance™?200 i &N (TINL) A3 b # bt i &
RS WNINRBE MR LA T (T3NOD
A SR A TR R0, S B 7 e DA AT R
I (T3NL) A= b o 2 0 3 PRI
AR ST, 5 CKNO 4 FEAH EE, TINO.T2NO.
T3NO A4k B A ST R 3h & 4 il FE (K 7 81.75% -
86.52%. 68.50% (P<0.05) , ¥ Iin= ikt 7 b
BEA RS N BB R T A SRR i
53
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% 43 &

AR SAET, TINO. T2NO AbBEAESE VC &%
CKNO &b 3 43 7 & 2 P& K T 43.84% 1 24.66%
(P<0.05) , T3NO 434 VC &5 CKNO 4#
IR ALY, A VC 2RI TINL
ARFE>T2NL AbFE>T3NL 4RFE>CKNL 403, 5 CKN1
ACFRAHEL, TINL. T2N1. T3N1 4bFE A5 VC B s

20
4b38: [ CKNO[ZZ TIN0 =5 T2N0 [ T3NO

NN\

0

wl

sERIM)/d
(@) NO ZKFAE Sedk

25
4138 : ] CKNo ZZ T1No 5 T2No B T3NO

7 175.61%. 104.88%. 53.66% (P<0.05) , i B
Hydravance™200 A1 H BE4F5 B2 R E-20 75 ARt 4%
fFF (TINO. T2NO) FEAICT 43¢ VC &, Tt %
PR SN2 N M AL B T 2 R AR VC B,
o TIND A HE = VC ERCR . B HX nT i
P B S5 R

20

(2. Cckv TN B o R TSN

s Hil a)/d

(b) N1 KP4 Sk i

[ ie: Eexvi v EB=ny Bl N

A I I I R RIS

»Ta
é
é
H P
/
/
/
é
%.

w|

0

g

SE R [)/d

(d)N1 /KA e

B3 BAAF A KT

s RN fa)/d
() NO /KA e
Fig.3

Lettuce growth index for each treatment

22 RRAEAXEFEZR SR
Tab.2 Effects of different treatments on yield and quality

st Hh bR g Tt £ B/ (mg kg™) VC #/(mg 100g™) AL %
CKNO 57.5042.89a 1565.92+111.18a 0.7340.08a 3.8940.02a
TINO 46.2547.50b 285.75410.16¢ 0.4140.06b 45140.01a
T2NO 58.7542.50a 211.13456.15¢ 0.5526.14b 4.2530.00a
T3NO 61.2544.79a 493.28424.75b 0.7040.36a 3.2540.01a
CKN1 56.67+2.89b 4202.67436.33a 0.416.25¢ 4.1840.01a
TIN1 71.7546.24a 3980.724270.36a 1.1340.07a 4.8140.01a
T2N1 57.5046.45b 4123.424362.52a 0.8420.01b 4.950.02a
T3N1 47.5045.00¢ 4368.234375.68a 0.6340.12b 4.7940.02a
HIKF(N) NS ** ** NS
R HEF(S) NS o * NS
RIKP>RIEETEFI(N)X(S) sk - sk NS

VE AR5 RORTE P<0.05 Al P<0.01 /KF B BEm, NS ERLEZE. TH.

2.6 ANMTREEMFITEFKR A BRI

FHER 3 Al AN, WS NSRS M A B AR 2 7 A kE
AIEAT SB35 M o VAN IR T 3 PR R A B A S AR 1)
F T NI IR RS 7 b 2, {2 Hydravance™?200
TP AR ANt 025 A 1 PR i e SR T -20 B
54

bho RiE LM, TINO ALFEA S MM KA CKNO
Lb PR SRS T 51.64% (P<0.05) , H E4£<0.5mm
K EARK 1 95.70%; & &M, 5 CKN1 4
FHAHLL, T2N1. T3N1 AbFEASERAR KA E T
43.07%#1 61.98% (P<0.05) , HA1H#£<<0.5 mm
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Ko SR KA 94.03%F1 94.56%, F U] T3NO.
T2N1, T3N1 Bt AR RAEK, HEAF<05
mm R G LR, AR IR
SRR T &S H, NO KPR,
T3NO AbFEA: S SRR CKNO AbFE 25 42
1.87 f5; N1 /KPR, T2N1. T3N1 AbFA:SE ARk
UL CKNL &P 73l g 1 210 f5F0 213 £
(P<0.05) , HaZZ&AM T 5 AL HA S RARAFIR I

T3N1 4bFI>T2N1 AEEE>TIND 4bFEI>CKNL AbFE, %
B9 T3NO. T2N1. T3N1 AbFR{EHE @R AR I1E 2L
Rilf. NEEZMHT, 5 CKNO Ab#EEAHLL, T3NO
AFRAESERR T B R T 1.44 % (P<0.05) ; i
AR T TINL ALFRA: SR 15 S5 CKNL AR E 5
T 1.52 £, WA ISR IEE VERE DA AT AR T
R

k3 BHAAERARR DTG0

Tab.3 Effects of different treatments on the root distribution of lettuce

st L<0.5mm BiR/em AR ARYmM® R Filg
CKNO 1125.914258.23h 1177.414281.69h 0.39:0.14b 0.360.05b
TINO 1 482.462340.00ab 1538.712348.37ab 0.570.15ah 0.42:0.09ab
T2NO 1455.214318.71ab 1 494.424327.20ab 0.49:0.11ab 0.4740.13ab
T3NO 1708.634338.67a 1785.384353.50a 0.7330.17a 0.5210.02a
CKN1 776.9470.44b 803.09:73.60b 0.3120.05b 0.29:0.03b
TINL 771.60198.73b 812.97+206.87h 0.4020.10ab 0.39:0.13ab
T2N1 1080.35481.02a 1148.97+116.09a 0.6520.21a 0.38:0.08ah
T3NL 1 230.08+180.6% 1.300.83+199.69a 0.6620.20a 0.4430.09a
FUKT(N) o o NS *
RIEERI(S) ** * * *
FURT>R A (N)X(S) NS NS NS NS

E L ERIRK.
A4 R ERAEFHRAKE
Tab.4 Effects of different treatments on nitrogen absorption and

utilization efficiency of lettuce

e b MR HU NUPE/%
FR g FIR g Ky

CKNO  0.23840.304a 0.00620.005a  0.24340.012a

TINO  0.226#0.360a  0.006 #0.008a  0.23140.043 7a

T2NO  0.228#0.284a  0.006 #0.008a  0.233+0.044a

T3NO  0.233#0).298a 0.007#0.011a  0.23020.012a -
CKN1 0.304#0.015b  0.00520.005b  0.30940.019b  1.75240.222b
TIN1 0.36040.0444a 0.00820.008ab  0.368+40.044a  3.619+40.318a
T2N1  0.28440.022b  0.00820.008ab  0.29240.023b  1.55240.234b
T3N1  0.29820.020b 0.011#0.011a  0.309+40.031b  1.81520.385b
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(1) T2 KhERANAEREBE TN T K p e, IR
1 Hydravance™200 (T1) FELLA (T3) 7R #ES:
TR PR K S BT A5 Y R T R A I TR ik -20

(T2) , %W Hydravance™200 (T1) FiELLAK (T3)
FEAR IR 7K 73165 ) 32 7% ¥/ FH AR T FR 00 1 1 SR 1k -20
(T2), AR TS MR PR T e AR A e 1k,
fifi BRI KRB, 25 EE Rk aE P,
JIT LT 2 THI 3% 14 772 A5 7K 9 Sl 3 7 28 B s p 3
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A 842 KA Hydravance ™200 % ANHLHIK 7145 5 25
MEE LFKE -, BE88sTE&5E
EO/PO kBt Rk, BA KR K ) =i /0 254 A
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Effect of surfactants on lettuce growth and water and nitrogen transport in soil

SHI Jixiang, WANG Jinsong, LIU Qiuxia, WANG Yuan, JIJAO Xiaoyan, WANG Lige”
(College of Resources and Environment, Shanxi Agricultural University, Taiyuan 030031, China)

Abstract: [Objective] Surfactants are soil conditioners to improve soil water flow and reduce soil erosion. This
paper investigates their impact on water-nitrogen transport in soil, as well as yield, quality and root growth of
greenhouse lettuce. [Method] The experiment was conducted in laboratory using a calcareous cinnamon soil. The
soil was amended by three surfactants: Hydravance'™'200 (T1, moisturizing and synergistic surfactant mix),
Methylglucosan polyether-20 (T2, moisturizing single surfactant), and IrrigAid (T3, moisture-regulating surfactant
mix), separately. For each surfactant amendment, there were two nitrogen treatments: without fertilization (N0O) and
nitrogen fertilization (N1). Soil without amendment by any surfactant was taken as the control (CK). During the
experiment, we measured the changes in soil water content and soluble nitrogen content, as well as the growth and
yield of the lettuce. [Result] @ Compared to CK, T1, T2 and T3 enhanced the lateral movement of water in the soil,
thereby leading to an even soil water distribution and a reduction in nitrate nitrogen content in the subsoil layer
(20-30 cm). @ According to the pot experiment, the above-ground fresh mass and VC content of lettuce in the
T1N1 treatment increased by 26.61% and 175.61%, respectively, in addition to the 2.10 times increase in nitrogen
utilization efficiency (P<0.05). Compared to CKN1, T2N1 significantly increased VC content by 104.88%, while
T3N1 significantly increased total root length and volume by 61.98% and 112.90% (P<0.05), respectively. In
comparison with CKNO treatment, the aboveground fresh mass, VC amount and nitrate amount of lettuce in TINO
treatment were significantly reduced by 19.57%, 43.84% and 81.75%, respectively; T2NO reduced VC content and
nitrate content by 24.66% and 86.52% (P<0.05) respectively, and T3NO reduced nitrate content by 68.50% (P<0.05)
and increased total root length and volume by 51.64% and 87.18% (P<0.05) respectively. [ Conclusion] All three
surfactants increased lateral movement of water in the soil, thereby improved water and nitrogen distribution and
their adsorption by lettuce roots. However, their efficiency in improving growth, yield, quality and nitrogen
utilization of the lettuce depends on nitrogen fertilization.

Key words: surfactant; lettuce; water-nitrogen transport
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