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 OE: IUEIRINERRAER (PASP) X H A M SRR AR AR50, 35 &R [E PASP 700 Lo + 4%
PRI AU [F] B HE B F B8 PASP #5400 2k 5,  WFST PASP X 33 R Uk O MU RR AR I . mH4 i
WG, AR . Lo T R A R 5E 0 . 25 53R, VRN PASP BEfE I8 /D + 1 rf iy
DHEEAS AW, H PASP IR BIRE, Wb RAER G, 8 MU A A 10% 254 F 3 PASP Y1)
AR ARG, oG R R, RECDCHEEE R AR R 56 35k, TIAMAR RN Z, Z00H
FHZRH CK A3 3 T 57.74% F142.54% ., 5 CK AHEL, B8 20% 4544 T VR PASP J5 A SRR 3RS 55, BRI
WG BUE (A7) TGTESL, HAUA SR AR EREA TR, SRS L, AREE TR, AR R
5 CKHIY. LB, I IEFRA 10% 450F TR 5%PASP DARIE HHER MRS | Sk 2UIEA .

KGR RRAEM; B JER; Wk LRI
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WS DA A, FpRm g Y, AT
PASP-Ca 5 IR 3 52 L B 8% ee AP /K e FH T 10 38 Wk 2
FAE R A R 10 PASP AT HE /N B T4
A R A R WM, X/ A I AR T
A1 PASP s R E A RRIE S (NR ) HETEAE
PEE KA RAZ R, BERSER T EAA
ZRITRCE S, PASP 55 S0 AT 0 IO M AU Ak
AT RS AMES AN S 7, WMOARR
e, MG R, BEm e e

A 78 £ 46 v fE PASP 16 H A AR 9 1 1
F, PR e, B Rk
AU AR ROk, L, AHFIEE I i
B b FE IR R R AR, B S S I AN TR L )
PASP 5514 F 30 T AUk 2 i R, R PASP X}
ANV RAOBEE R B A AR, B A o TE T4k
FH DX FEARAF A - 3R Rk . 48 s R A I A %
PRSI

1 #MR5FE

11 3RGS54k

TR0 7 T i AR M 2 R 2 B R e i A B A
PSR E AT . FE 2 A KB I IR R B R
PR 0 ~ 20 em HHZHEMH L1, KT, H2
mm (T4, BRE AT LA AR S a1, SR
JEtEAF A . ISR PRI R LR 1.
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F 1 HEEMBEAMR

- 2R R AR BSE AR I " TR (% )
. (g/ke) (mg/kg ) (mgrkg ) (mg/kg ) (g/kg) (g/em’) P bk s A i
B+ 2.06 178.43 6.30 107.28 1.22 5.43 49.83 29.22 20.95

(aam W T Uy FA Wy N - Tl [ oy (S S R 6
HUIE (N 16.13 g/kg ) . WAL HALE (N 60.00
glkg ) BRI REA YA BRA R A 5. B
(K0 52% ) N EBOH RS A # A BRI EA
A, S ERRES (P05 16% ) Kz 25 AL AR
AIRAF A, PASP 3K F 122 s kA (b RHEL
AR A FRAE], i 480N 95%.

1.2 Rt
121 HEEEEMIE

SRR Z AL X 486 311, L 80
mm/d K (2021 4F KHUA H 5 KRR ), &
WA K 5 2494 628 mL, % M8 + 4l S %
T 2 M H B0 & (N 75 kg/hm®) HHE S+
R A LR o 3.95 g, 4N AEFE, CK.
AN S TN PASP, T1: ¥ fil 2.5%PASP, T2: ¥ il
5.0%PASP, T3. N 7.5%PASP ( Hb 2.5% ., 5.0%
H1 7.5%PASP 45 s il PASP A9 & 5 it FH AERE B A
AT, FBINES 3K, SIS
H, A AT B Rl 4.04 ke

FHE 50 em. MR 104 em BT PVC S 1E
L R 5 (1o 87 e Y G e PR
FEHIEH (JFEA 1.5em), ETF&E—Z 0.075 mm
Je e, Bk -gERR. RGBT
B2 A PVC B R 2R )2, TR A
— 2 R R A HLIE B2 PASP 3451 IR G4 A
FARZE (20 em B2 ), TEAL 40 em 19 14, 23
B RS 2% 35 (LB koA . BRI SEAReEE ) R
AR R SN LA E - &E, ERE
B AR R B2 e RAE, B LK
PIE 0 a3

BARE Y10 5 5 o) [N S =R @ S [l e 31211
PAIT A b K 5 () EORE R AR ] R —
JiJE, JFEWRAIRYS . 25 B 1K B T 4%
i, B N R AR . IR R B B
IR, RSSO S, IRR 12 h 47—k
WRUE, LT 7 Rk TE. IR R I E TR Y
W, R 4 CORFEIRAERF I BTG ke as sl z
J&, G R S A S RS 1.

S

122 MHHREZE AR

S IHRRMERGER, HHERAR GG EK
H R A SE PRAE KA O, e e AR T IS 2 R R 3
B WA v IRIME, WO R IR Y PASP 7
I b B R 5.0% . R FHERL DR 2 Bl AL X 20 3K 6
T, S5 EE, CK: H LA AU PASP,
TL: B M. 7 5.0%PASP, T2: U & 10%.
TN 5.0%PASP, T3: A 20%. ¥ 5.0%PASP,
NO: R . AUHN PASP, &R 15 K.
CK #2181 kg + i A 0.50 g 5 & H KL AR 3B A =
4:60E AR, FEAE R ES MR L AL, B
REA A IR FHAE, oAt A 4% B CK 530t AE
T IR it SR FE AT RN A e, Ve SR TR AR
FERRBRAL—30, AL AT I P Ik WA A it 1R 1
R

e B EL L R HLIE AT PASP ¥ 5)1R
BHAG (F 102 em, A2 174 em, FHA10
em, #+ 1.8 kg), THAERSREE, RERFFHE
5 A AT 8 JFIRI N S AGE 2K
fif RV, T IR K S R EORE B A [RD
HCEVRE, B E B R, ERE BRI

50 d #EF TIN5 HURE
1.3 Mg H Sk
1.3.1 WARBIARFIAEESE . SRS ENE

W B R O WO BRI 2 R, e —
UMRGESE AR, THRM R R B K 5 Ak P
AT RO 2T TR I LA S AR B S R
P A IR B 2R W) B A BR300 Gt A
M5

HAAR R L kit

SRR = R WATR x AS R

SRR = RHUHATR x BSRWRE

R R = SRR + BRI
132 MBRA R AERAIN 2

Te A b PR S5 —BOR AR, 0 2 A A s
ZEHL, BB R RS 6 Fr A R
133 M-SR S AL G R p I E

W T i AR 6 R, il HAE 5 OB A Y
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(YX-1102G, dtatEk B RHE AR R ) e g
FeB R, JEIEIEIEEE N 800 pmol/ (m” s ), Bk
MR AR 2 S, SR 95% ZmsvkilsE ™,
1.3.4 IR U DG Bl T ARAR 21955 g 1) 0

VEHH R L5 6 Fit, HUERIRAERAF AR A
Hr, W NR. SRS L (GS) FIREHE A A
fitg (A SS-11) B93GE, FHTE K oietR =i
FEJRMRAR ZR 06 7. 3 B M IR R 3 3408 A ik
FEIEATIE, R &k A AMEHE AR E
BT
1.3.5  JHRFRVRL, EBHERA JFORE A E

TE IR S — B A Rk, B — A A A
105°CA 7 15min J5 65 CHET, (S shib2%
S CAA T, 7% BRAN+LUEBBE A #] ) W&
FHAL 2= R o
1.3.6  JEFEENEAH R A E

BORIURE, AyRUR . 250 =g, R K e
Ve, AEHCT, BRTWIRE, AR A

ARWNE () = THRHE x BASE
FUERMAN A (%) = O bR SR R i -
ANt AP B A ) /A x 100
L4 B 554
K JT DPS 7.05 11 Origin 2018 #E47 $ 4 55 3143
HrAVER, F Duncan’s #7526 W 1 7 22 57 1o 4k

2 ER5HMH

BRAF TR R Z R 1 5

FACFRREA R A EUR o A K 1 DL
1o B A%, EAZUED AN EER B,
H A R AK S B 98% LA b WS PASP Z )5, Tl
AR HARM AR 5w, J
Kl PASP ¥ i Eb 45 s i T . 5 CK ML, IR
hn7.5%PASP ZJ5, THAR . SR AT
KB T T 13.60% ., 26.16% Fl 13.74%. X5
SEERULE, SN PASP REASREAR 158 b o U A Ik

2.1

O A, HARTERRIE U Orkit s e, HBSIN A8 s B AR RCR B
1000 a b 12 a looop 2 b
C 5 C
" 800 < w0 b ¢ > d
& 800} E . 2 800(
Z Sl 2
IH i g L
% o0 ol & 600
i 400 ® g 400}
¥ ¥ 4 I
= 200} ® = 200l
0 : : : : 0 : : : : 0 : : : :
CK T1 T2 T3 CK TI T2 T3 CK T1 T2 T3
bz e aba
B 1 BRESBRMTERZEKRKNZ
e AF/NGFEERIRAEBIETE 0.05 K- B2 RE, TR,
2.2 RRAGXTHRREAE K A5 ®2 BRESBIMEKEKHZH

H 2 2 AT, S In[R— Lol PASP Z 5, MR
AR AR bR o it A I R R A, T
A O AR AR K AFFE SN . 5 CK AR, R
i R E T U PASP &, MRRR 3R ARG, T1
AbEERRE S . ZERL AT SE S e CK B A T
8.95%. 15.71%. 10.23% F126.16%., i & jifi & =
B, MR AR 55, T2 b B Rk = 2L
CK M ZEARK, A58 B 25 & T CK 8.46% Fl
18.31%, T3 AbFHMFE R . ZEFEI A T8 5 CK AHEL TG
WEES, HRILT CK 7.03%.
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AhEE B (em)  ZE[ (em) MK (em)  PF5E (em)
CK 36.10b 4.90b 37.83h 11.47¢
Tl 39.33a 5.67a 41.70a 14.47a
T2 36.53ab 4.93h 41.03a 13.57b
T3 34.23h 4.83b 35.17¢ 11.00¢

T ARVNG FREFORAR BRI 0.05 RF B2 B3, TIE.

2.3 RRAGIRX I I 2 3R 5 BERIFOL & R
FRI5 ]

Mg KRRV C ARG A FL Y 322
@R, et R A KR B U SR
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300, T1. T2, T3 AbFHFH 5 i A & 10,
R SR 2R B g R B R A, 1B
Jiti AB 25 A7F T B PASP BEAS B 2 HE AR T iy 4 R
A RAAOL A BR N, 5 CKA L, T
G a, MEEE b AR BE IR T 5.83%.
7.14% 1 6.21%, FCAHERIERE T 23.70%. WA
() 2 A~ RE BRI PASP Ji, JHBTAYITEREE o, gt

x3 BRZIBXTEMMEESEFELSERNRM

b AMGREES CKHLIEARELR, T2
FEE A R CK IR T 10.81%, T3 A
BRI CK IR T 9.38%.
2.4 SRR A E RN e A 1T T PR AR 2R T
FIH

NR 1 GS & & AR SRR, G805 I8 JF i R £k
e [FAL, SS-T1 2 me Uil Gl me, i FERE Y
A M FATTLIAE M, 36 PASP 2 )5, TI
T2 AbFRE) NR. GS. SS-T1Wh P FIAR 2% S 394

R T R, T3 A GS AR
CKAHHL 22 F A K, NRIEM T T 5.04%, SS-1I
CK 1.03b 0.42b 1.45he 7.68¢ VEREFE R T 50.33%. T14h B [ NR. GS 7 E Al
T1 1.09a 0.45a 1.54a 9.50a W EIE R, MR CK 10.04% . 7.84% T
T2 1.04b 0.42b 1.46b 8.51b 16.40%. T2 AbBRAY SS-T1 i PE i, M 349.64 pe/
T3 1.00b 0.41b 1.41c 6.96d (g+min), H CK & 74.92%.,
F 4 BREZSBRMNEMBRERGEEEERRE A0
e TR PR AR I i T A AW A B TG U T ESEP))
[ nmol/ (g * min)] [pmol/ (g-h)] [ng/ (g min)] [pe/ (g+h)]

CK 377.81c 4.08¢ 199.89d 224.40c

T1 415.73a 4.40a 257.37¢ 261.20a

T2 400.75h 4.29h 349.64a 239.60b

T3 358.77d 4.11c 300.50b 229.30he

2.5 RRAAMNIAT: B SRR FEA A

5 b BRI 7 SRR B B LR 5. H R R
WM PASP J5, MMM AR SHEE LI, ST
CK 23.03%, RHEFAJFH & &mA BJF, 5 CK
ZRARI R, WA PASP J5, 5 CKAHLL, &
R ARV A 10% F5 i PASP Ab B P T, 7R U
A 20% W PASP AbFH AR [ SRR RTIA JEORE 5
FE R AN B 2 S B 1, L it 2 o ) il
. 5 CKAHE, T3 AR . BOBERIE EE &0
FFER T 6.12% . 11.75% F1 17.62%.

®5 RREERMEMHDE. SEMTERENZE (%)

4k 2 MR s A
CK 3.43¢ 5.70a 4.03ab
T1 4.22a 5.79% 4.17a
T2 3.80b 5.25b 3.84b
T3 3.22d 5.03b 3.32¢

2.6 RRAARN K ZNEFI 2R 52 0

M 2 AT LA Y, 45 A B 49 5 FR R
BRI A > ZE S, 4 M EFR T &
ZHARE, TIHETERTHINI AL, &
H dRe /ME Y T3 A FE 12.06%, ALY 2 A4 Ak FE Y
M85 CK Y. &R R R BRI N
TI>T2>CK>T3, 5 CK#tL, T2 ZbFAGHR . Z5H &K
MEEMATHEETREES L, TRAEXHREDE
FhiE, T3 Ab3A A0 A R B B /N CK.
MEBEHRARMREKE, SOMEERDE, T K
i, N 829.65 mg/ Kk, T3 AMHIELAIK, A 584.18 mg/ #£,
T1 A1 T2 4b B 43 5 & T CK 29.09% Fil 14.25%, T3
AEFEAKF CK 9.10%. H Fijits 2 Mt 10% Z LG
T PASP J&, HABR 0 BER B 548w, it
CK 2 55 T 57.74% 1 42.54%, 1 A 20% 2 J5 ¥
PASP, MR ZNEFIH RS CK A Y, & T CK
2.81%. REEEHRULH], FLAlyS i PASP B itk &
RIBJGERIN PASP HREHE SRR i IR
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" 900 .

25, C ROzt s00l CIRCZE 60 a b

ol % 700F _sop T
—~ & 600 N
® £ Z 40 c c
= 15F Z 500t 5
= B 4000 = 30
LR B =
Vié:' & 300 = 20t
H st I 200 & 1ok

100}
0 : : : ; 0 : : . EHEREE| 0 . . . :
CK Tl T2 T3 CK Tl T2 T3 CK Tl T2 T3
S ALF Kb
B2 BXREaERIEKRERNAENRI
3 Wi Jin PASP J&, HHM A RE S B LA, AR AR
T

3.1 BRAFIN IR R MK A I
PASP X FREAL M AR MK, RSP AER
MR EATEEEM. WSS 2 Em,
ZRAH R K R RN PASP 5, HIEER R R R
Thim . SRR TRE, HAEFSCRRE PASP i35 1Y
b=l | TS T A NS W 31 S 2 Y € i o L7/ ) 1
PASP J&, THEMARBP SR MESA S =D
FNRE, H PASP WS In EL iRk, R AR AR My
X AT BB O PASP IE 28 T R K BB MO BE
M S R R ARG . RIS UGS SRR
E, G Y pRTR g R, B
RRZAF LT, 255 WS LA B A 2, il
X B LT B A R R
3.2 WRAFMR IR AR A 5

AR SRR AR EEIRA
NI PASP J5, WA, 1
SRR EIN, MR R AR T, MRS
PR B B AR ZR G 0T DO AR A 2 A
W, HREAMMHARGE, HgEa, g
£ b ESNOCAERM EE AR P S, ot
GrERBEE, TYRMEELZ, Rt it
PASP &, M A ACHE OCHEME NR . GS 7% 14 1% i,
PR A FAE, MR ST m. AR
WAL R FOG & AR, Bty A dhik
TG 0, R AR B S A A AR
EAT o MR AR K AL A N 7 B 1) Bl R 2 1)
FEIE, A U T BE S BRI RO A TR
B EER R — Y BRI e SS-TT %
PR ETE, MERFE LA e TR, R SRR
Ak FEEEAEKET (AR FA 10% ) 7
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T (WA 20% ) UsHn PASP J5 A SRR, W
PASP ZJ&, #4030 & REARHR T CK 2246 AR B
ol N, MTRESE KN PASP REME IR UE M Rk A 2 )
AERRDEAVER, AR R [ 5 A A Qi o i
K, BRSSP PASP AR AR EA RETE
HORRAR T, s bk R Wl -, i RE T
NH,, WA L& AL, ARTAEZEE
e ity 324y 1, TR m bk AR, 1F
it RN /D B it AR (R 10% ) S5 1 i
PASP BB HERR AR LR, i a3
s, MRS RIS, EETURm, oY
K, TYRREL L, AZXHREEEN, /e
FIRREE S 45 A KHEBIERE, WA 10% Bt
5.0%PASP 4b PR 5 CK A L, BRI AR HE 0 1140
Jt, JFPH BT 4545 o6, 8K 3405 Jo, AL
BT WA, BAGT TE.

4 ZEig

PASP fE 0% [ AR AR IR 4 398 o Al 25 BB S AU
W, R IRAE, TREIMRIRRIE T, AT
RS 2 A R AR IR, REEEC
SRS TERGSR,, TR AR R WA, i
PR AEFIHZ ., A 10% Fiti PASP AP
FEARIIL T CK, V8 20% Hicjiti PASP 4b 3 fit A0 B
ARG T CK, Pk, 7% & it 10% &R
e LA —5E LU B PASP Skpsi/b HHER R TR, 18
SRR ZEFI %

S
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Effects of adding polyaspartic acid on soil nitrogen leaching and nitrogen utilization of tobacco plants

DUAN Jun-ya', WANG Ting-ting', WEI Jian-yu’, ZHAO Yuan-yuan', WANG Zheng’, WANG De-xun’, OU Qing-
hua’, SHI Hong-zhi'" (1. College of Tobacco Science / Research Center for Tobacco Harm Reduction / Tobacco Cultivation
Key Laboratory of China Tobacco, Henan Agricultural University, Zhengzhou Henan 450046; 2. China Tobacco Guangxi
Industrial Co. Ltd., Nanning Guangxi 530001; 3. Dali Branch of Yunnan Provincial Tobacco Company, Dali Yunnan
671000 )

Abstract: In order to investigate the effects of adding polyaspartic acid ( PASP ) on soil nitrogen leaching loss and nitrogen
utilization of tobacco plants, soil column leaching test with different PASP addition ratio and pot experiment with PASP
addition under different nitrogen fertilizer gradients were set up to study the effects of PASP on soil mineral nitrogen leaching,
tobacco plant growth, chlorophyll content, photosynthetic rate, key enzyme activity of carbon and nitrogen metabolism,
chemical composition and nitrogen utilization rate. The results showed that adding PASP reduced the leaching loss of nitrate
nitrogen and ammonium nitrogen in soil, and the greater the proportion of PASP added, the better the leaching loss reduction
effect. Compared with the control group, under conventional nitrogen application and 10% nitrogen reduction conditions,
adding PASP improved the growth of tobacco plants, increased the net photosynthetic rate, enhanced the activity of
key enzymes in carbon and nitrogen metabolism and root activity, increased dry matter and nitrogen accumulation, and
increased the nitrogen utilization rate by 57.74% and 42.54%, respectively. The tobacco plant growth of PASP treated with
20% nitrogen reduction was slightly weaker, except sucrose synthase (synthesis direction) activity, other physiological
indexes were slightly decreased on the whole, total nitrogen and sugar contents were decreased, nitrogen accumulation was
decreased, and nitrogen utilization rate was similar to that of the control group. It was concluded that the application of 5%
PASP under the condition of 10% nitrogen reduction could reduce the soil nitrogen leaching loss and increase the nitrogen
utilization rate of tobacco plants.
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