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Effects of paclobutrazol spraying on the growth and nitrogen utilization

characteristics of Capsella bursa-pastoris in greenhouse

YUAN Yujuan', ZHU Yuxue’, LI Jin"?, XU Chenwei'

(1. Nantong Vocational College of Science and Technology, Nantong 226007, Jiangsu, China; 2. Nantong Rural Professional and Techni-
cal Association, Nantong 226009, Jiangsu, China)

Abstract: To clarify the regulatory effects of different concentrations of paclobutrazol on the growth, yield, nitrogen utili-
zation characteristics, and quality of greenhouse-cultivated Capsella bursa-pastoris, and to provide technical support for
its high-quality and high-yield cultivation, the large-leaf variety of Capsella bursa-pastoris was used as the test material.
Five paclobutrazol spraying concentrations were applied (50, 100, 150, 200, 250 mg-L '), with control of no paclobutra-
zol application (C0)and no application of both paclobutrazol and nitrogen fertilizer (CK). The results showed that spray-
ing an appropriate concentration of paclobutrazol could significantly inhibit excessive growth, increase leaf number, and
promote dry matter accumulation in both aboveground and underground parts of Capsella bursa-pastoris. Among them,
the 100 mg - L ! treatment (C2) significantly reduced plant height by 16.41% and increased leaf number by 7.14% com-
pared to CO. It also resulted in the highest values for aboveground fresh mass, belowground fresh mass, aboveground dry
mass, and belowground dry mass, which were significantly increased by 16.33%, 28.81%, 31.67%, and 36.83%, respec-
tively, compared to CO. Yield exhibited a trend of initial increase followed by decrease with increasing paclobutrazol con-
centration. The C2 treatment achieved the highest yield of 21 645.19 kg-hm 2, which was a significant increase of 12.86%
than CO. Nitrogen use efficiency was also optimal under the C2 treatment. Compared to CO, the total nitrogen uptake, ag-
ronomic nitrogen use efficiency, partial factor productivity of nitrogen, and nitrogen fertilizer recovery efficiency were sig-
nificantly increased by 109.33%, 59.04%, 12.86%, and 90.69%, respectively. Principal component analysis of the quality
evaluation indices for Capsella bursa-pastoris under different treatments showed that the C2 treatment had the highest

score, indicating the best overall quality. The degradation of paclobutrazol in Capsella bursa-pastoris across the five treat-
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ments followed a first-order kinetic equation, with a half-life ranging from 7.1 to 12.4 days, and the residue levels at har-

vest did not exceed the maximum residue limits. In conclusion, foliar application of an appropriate concentration of pa-

clobutrazol in greenhouse-cultivated Capsella bursa-pastoris can promote growth, increase yield, improve nitrogen use ef-

ficiency, and enhance quality. The C2 treatment(100 mg - L™') demonstrated the most favorable effects and can be safely

used in production.

Key words: Capsella bursa-pastoris; Paclobutrazol; Growth; Nitrogen utilization
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1.1 R IE LT
T 56 7E B I8 BB B 2 B e 7 35 b M Py 3

17, B W L, BT R N B 0~20 cm &
1% B AR M5 N pH=6.4, A ML & & (w, J5 [\
188 g- kg, EH T E 1.82 g kg, WMA S =
128.56 mg - kg, &M & & 1.24 g- kg, WA &
130.61 mg-kg', A8 & & 13.82 g- kg, M ALHH &
172.15 mg-kg'»

1.2 ##

PR S S Bl O K53, FRTL IR VLB X A
VR E TR B A AR . AR ER AN 2 8K
M 15% m] R PR 771, B DY )1 DG AR AL B A FR 2 7]
A7
1.3 R

2024 7FE 10 H 20 HA&M, &M E 1 g-m?. &
FENE i JR R 150 kg - hm > (N & & 46% ) « i i 2 45
600 kg - hm? (P,Os & & 12%) fi IR # 150 kg - hm
(KO &8 50%) . 73 2 fr B, #HAT 55 1 K
IBAE, MR 2 90 kg-hm™; 2 2 OB IE TR 10 d
HEAT , iR % 60 kg-hm?,

TR 3~4 Jr EL It 2 v, L S MR (p,
Ja FD K, 40504 50.100.150.200.250 mg- L™, LA
ANite 22 R AR 2= IR GR Do ANX TR
10 m*, 3 RES, FEHLX ZHHE

Fz1 TEEZ MR ALKEH 2

Table 1 Application amount of paclobutrazol and

e

nitrogen fertilizer for different treatments

PR A
At S
Paclobutrazol Application amount of
Treatment . . . ., B
concentration/(mg- L") nitrogen fertilizer/(kg-hm™)
CK 0 0
CO 0 138
Cl 50 138
C2 100 138
C3 150 138
C4 200 138
C5 250 138
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1.5 HEaE

X H Microsoft Excel 2010 44t it 7 1 £ ¥
K H SPSS 9.50 H A% B #EAT 7 22 03 A S 3
I3 HT s SR AT SPSS 9.50 B A% Xf 55 3¢ i T 4R AR BEAT
FA3 o BT FERS AN [E AR BHEAT HE T AR

2 H@R50H

2.1 AEIIKE 2 IR 55 34 K RIS

& 2 AT %0, C1.C2.C3.C4.C5 hbH 4 e kk
e 350 BRI R AR S LR v i o T it 22 2k A
J5£ B3 INAN T BEAIG, 5 AN ER AR R AR CO 29l i 3
FEARK 13.71%16.41%+24.50%+26.10%+30.58%; C1
AbFRFRIRR i CK PRI 3.65%, (H 2 7 A B35 C2.
C3.C4.C5 4b B 1 ¥k & 8 CK 73 ol & 2 BF K
6.66%15.70% 17.49% .22.49% . C1.C2.C3.C4.
C5 AL IR kT2 ity s g, Horb C2 AbFE Y
O B U, B COLCK 4 AR N 7.14%
11.80%. C1.C2.C3.C4.C5 A [y Hh | fef i & L
N TR R T R 2 RO
B 2T G R AR S, Hod c2 kb3
S22 i< A A == Ll el 0= 2 L0 A R i
B K, BCOo 4l 3 R 16.33% . 28.81%
31.67% + 36.83% , 5 CK 4 7l & 3 $2 & 55.24%
31.03%164.58%137.92%.

T2 TREIRE SRR 3% KHIF T

Table 2 Effects of paclobutrazol treatments of different concentrations on the growth of Capsella bursa-pastoris

- . PN TR HuT R M bR WU
b3 /N LR
. Aboveground fresh Underground fresh Aboveground Underground
Treatment Plant height/cm Leaf number
mass/g mass/g dry mass/g dry mass/mg
CK 15.61 b 16.1¢ 592¢ 0.58 ¢ 0.48¢ 81.46 ¢
Co 1743 a 16.8 be 7.90 ¢ 0.59 ¢ 0.60 d 82.11¢
C1 15.04 be 17.2 ab 8.38b 0.73 ab 0.72b 95.23b
Cc2 14.57 ¢ 18.0a 9.19a 0.76 a 0.79 a 11235a
C3 13.16d 17.5 ab 8.08 be 0.71 ab 0.71b 93.72b
C4 12.88 d 178 a 7.33d 0.68 b 0.65¢ 85.74 ¢
C5 12.10 ¢ 17.4 ab 6.26 ¢ 0.60 ¢ 0.57d 83.50 ¢

RS R NG FRERIRTE 0.05 KPR . R,

Note: Different small letters in the same column indicate significant difference at 0.05 level. The same below.

2.2 AEIRE SRR FF 3R~ 2 IS0

H% 3 Al %0,C1.C2.C3.C4.C5 4b B[ % 5 it
2 MR BE I N, 553 7 1 B A T FRAK I AR
b, Cl1.C2 A EE I P~ B8 CO 4 7l & E 4 =
8.75%12.86% ; C3 Kb FE ()= f 4% CO #2155 3.21%,
HZEFALE;C4.C5 M F = B CO & 3 PEAIK
6.97%+16.27%. C0.C1.C2.C3.C4.C5 &bF /=5
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Table 3 Effects of paclobutrazol treatments of different
concentrations on the yield of Capsella bursa-pastoris

s P Lk Co+ Lt CK+
Treatment  Yield/(kg-hm®) More than C0+/% More than CK+/%
CK 15002.21 e

Co 19178.83 b 27.84
Cl 20 857.57 a 8.75 39.03
C2 21645.19a 12.86 44.28
C3 1979542 b 3.21 31.95
C4 17842.13 ¢ -6.97 18.93
Cs 16 058.37 d -16.27 7.04

I 2RI A2 7 0 BB ISR FH #2588 CO 43 51
B E B 64.22%.40.17%+8.75%-75.30% ; C2 AL FE
R R b, BICEE RIER R HZE VR
RE D A2 7= 77 B R USCR FH 288 CO 430 it 3 42 v
109.33%59.04% + 12.86%+90.69% ; C5 Ak H Y £
ZE  BUAEAR R 2 SR I 2B 72 ) A, 3R CO
I3 9] 35 3 PRAR 6.89%74.73%16.27% » B IE W YA F)
P CO 25 1.21%, HERA R,
2.4 ARERIKE ZHMA BT R R
% 5 740, C1.C2.C3.C4.C5 AbH 33 m
3 3 RN 2T 24 3 5 B Tl W it 22 R AR B 3 o 5 8 T
i, C5 Ab B A i, B CO 4y ) B FE  83.61%
72.82% , B CK 73 7 2. 3 42 & 100.00%  34.09% -
C1.C2.C3.C4.C5 A B ATy PR 2 (1 Ui 8 A 0

R4 TREIRE DML FRARFI RN
Table 4 Effects of paclobutrazol treatments of different
concentrations on the nitrogen use efficiency of Capsella

bursa-pastoris

-
e . - ZAEIBR
MR AR FUIE I %
Total A= £ Nitrogen
AbEE nitrogen Agronomic Partial factor . rt'l'g
ertilizer
Treatment uptake nitrogen use  productivity
recove
amount/ efficiency/ of nitrogen/ . fﬁcie;}c]
(g-m™) (kg kg™ (kg kg™ Y
rate/%
CK 3.14¢
Co 450¢e 30.27d 13898 ¢ 9.88¢
Cl1 7.39b 4243 b 151.14 ab 17.32b
Cc2 942 a 48.14 a 156.85a 18.84 a
C3 6.95¢ 3473 ¢ 143.45 be 16.15¢
Cc4 5.30d 20.58 ¢ 129.29d 12.67d
Cs5 419 f 7.65 £ 116.37 ¢ 10.00 e

BRIV VERE AT VEE T AR R C B EEAR
Je Tt JE BRI AR 4, o C2 b mT A
B U R R L TV I AT A M R 4 A
HCHEHRE,KC4HEERR 3230%.
38.93%.10.83%+10.79%13.01% , ¥ CK 43 7| & %
HE 5 81.60% + 109.20% + 27.94% + 23.61% + 62.81% .
C1.C2.C3.C4.C5 Kb FH 55 RS IR 25 5 il 1 i
2 MR B 3 0 2 2 R B S T v ) AR A s,
C2 AbF AL, B CO 235 T % 14.65%, 88 CK 3%

RS NEIRE S ML IR T3 RS

Table 5 Effects of paclobutrazol treatments of different concentrations on the quality of Capsella bursa-pastoris

pUHERE)

wlEdEZ)  wOTEEELD wlFEEER wr R wOrEEERYD  wEER O

Jopi] Chlorophyll Cellulose Soluble protein ~ Free amino Soluble sugar  Soluble Vitamin C ;Vli(tffiéffn)tent y
Treatment content_/ content_/ content_/ acids c?ntent/ content_/ solids content/ content/_ (mg-kg")
(mg-L" (mg-g" (mg-g" (mg-g" (mg-g" % (mg-kg"

CK 0.56 ¢ 5.31d 2.12d 0.87 ¢ 1.36 ¢ 432¢ 123.65 f 545.63 d

Co 0.61f 412 f 291¢ 1.31¢ 1.57b 482b 178.14 be 595.15a

Cl 0.68 ¢ 487¢ 322b 1.49b 1.62b 513a 185.61 b 556.37 cd

C2 0.77d 491e 385a 1.82a 1.74 a 534a 201.32a 507.95 ¢

C3 0.84 ¢ 5.56 ¢ 3.10b 1.45b 1.66 ab 523a 175.89 ¢ 572.46 be

Cc4 0.97b 6.61 b 287 ¢ 1.13d 1.41¢ 5.09a 163.07d 584.61 ab

C5 1.12a 7.12a 1.98¢ 0.68 f 1.16d 511a 146.10 ¢ 590.12 ab

B 6.91%.
25 EWA O

B &AL BT S T 8 N EAR (MR ER (AT 4E R
AT B U B R R AT R RE T 1
Vi A E C ISR R & 8 1 IR 46 Bl L 2 N1k
Ja AT F A i, R & AR & g B

A, IS 3 B AR AEAE AN 7 ZE DTk 2 . AR
PEICREIEAE =1 MR, AR IS FEH 2 A F sy o
51 FR T Z TR N 61.648%, 5 2 F LA
() 77 2 BTHR B N 27.266% , Bt T E TTERE N
88.914%,1X 2 AN F Wi as 1 b VR T 4w SR 4G
5N 88.914% , A HEAC S Bl 7 AN Ab B 3F 3
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Table 6 Principal component analysis of quality
evaluationindices for Capsella bursa-pastoris under

different treatments

e R A A
;ui:iuolrjl\:l:zzznty indicator —Loadlng parameter
PC1 PC2

4% %% & Chlorophyll content -0.001 0.976
214k % ¥ & Cellulose content -0.406 0.896
AR 17 & Soluble protein content 0.927  -0.166
Wi B R L & & Free amino acids content 0.903 -0.284
A RE 5 Soluble sugar content 0.836  —0.445
AL [ 4 & Soluble solids content 0.806 0.580
443 C & Vitamin C content 0.986  -0.054
TR £ 7% & Nitrate content -0.247 0.169
FFIE{H Eigenvalue 4.932 2.181
J7 Z£ TIHR % Variance contribution rate/% 61.648 27.266

2Lt 5 Z 5Tk % Cumulative contribution rate/% 61.648 88.914

JRIEEI (R 6) . I TR ATt 5 7 A3
FE i R VI TR AR SR A A 19 4 TR 15 4 #E AT HE
7, 3R 7 Fiow 7 MR ERZEA R HER AR IO C2>
C1>C3>C0>C4>C5>CKo AN AR & 22 2% s 155 i 3
R L4 55 58 i o1, HL L o5 78 B 5 22 R0 gt it vk

®7 FELBEFRRABIFNIERGEER DB LHF
Table 7 Comprehensive component scores and ranking of
quality evaluation indices for Capsella bursa-pastoris under
different treatments

AL P Treatment DI D2 D HE4 Rank
CK -2.106 4 -2.8236 -1.926 4 7
Co 0.662 2 -1.3151 0.046 0 4
Cl1 1.616 6 -0.203 6 0.8930 2
C2 3.5224 0.5823 22421 1
C3 0.946 3 0.747 9 0.645 5 3
C4 -1.103 6 1.2937 -0.466 6 5
C5 -3.5374 1.718 5 -1.433 4 6

2.6 FEIFRER LML SRR IE

% 8 Al %1, C1.C2.C3.C4.C5 A (ke
PRAK P 22 2000 (1) B AR R I 75 & — sh D122 T7 1R,
FHZ R BN 0.944 8~0.996 9, 25135 BB 4 2 KT, i3t
B 5 RE LA B v, TH O A AT S R A v e
B S 5 AN b B 2 SR SR R I BRI LA . BE
5 N Rb BT it 22 A% 0 v FEE () 3G T, 22 e g
AN 7.1 BB REK B 12.4 do W2 XM 5
60 d,C1.C2.C3 &b 3 1) 55 32 35 KK th 2 o,
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Table 8 Degradation dynamics parameters of
paclobutrazol residues in Capsella bursa-pastoris under
different treatments

. . ZIRIE
g VTR Rl
] Degradation R Half-life/ .
Treatment i concentration/
equation d .
(mg-kg"
Cl1 ¥=0.055 43¢ ' 0.996 9** 7.1 0
C2 Y=0.154 03¢ ™' 0.944 8** 7.4 0
C3 ¥=0.196 63¢*°** 0981 5%* 7.8 0
C4 Y=0.228 54¢ **"™  0.9853%*% 89 0.001 4
C5 Y=0.272 44¢°% 0959 0*%* 12.4 0.007 5

T RORTE 0.01 KPR AR

Note: ** represents extremely significant correlation at 0.01 level.

C4.C5 Kb H 15 B 2 203k B 43 51 4 0.001 4.
0.007 5 mg-kg's

3 W4

FRAEKIER R RIEF RGN EE S
B, W Tt 22 250 A iR B 2R O AR B ORI N A
A PN 5] W 2 T8 1R 4 i, 338 T 0 o) PR PR SR ARG
W PE o, AR R R ALY, 22 AR AE R S 4l B
N ,02 g L' 2 M2 Fp AL BEAE 3E 7 B A 4
Ty Hb b AN B R A 5 AR B R e s
i, BOR S A ERARN, 5 A0 B 7 25 R A —
B, 553 o T R B I 2 e (R A K, B
e, 100 mg - L fe KPR FEHL AL T A KA G 8
b, PP B i, ik 21 645.19 kg - hm™, W55 i = 4 i
1) 22 R o) S S AR K L 7 e e T AR A

FE B T SRR, B H A K R 5
K B0 LR 2 72 158 AR K ARG 4L
e AR, FEAREG AUk IR Ab EE CO
EAHAE R CK A EE, FE3 A K S i e S
R G BRREE G . AA = F R T 3RS
TP M A At S B, E B A 1) [
KPR BRI K T — RIVESHE R E, &
TG R I 5 6 A 55 5 I T P it 2 28 M R R S A,
FAH R R T e bs (AT A I B R S R L 7T
TR IR AR C RO R BT
Ji PRGBS MR TEELTRE LT
P, TTRERUNIE Mk B 2 it 558 ) 5 5
P& 3 57 T 02 S I Ve A R 1 R R X
NO; NHy PIWR B38 J 4k, I 4 e 0 2% A1
2R LIV EE U BRI TV T A L i P ]
e AR C B8 RN, B3 1 80R AR FRAIG
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100 mg - L 25 R0 W 4 E AR s -, Wk BEAIR IR AN B

MOk SR RIEH. MR EFRERER I

i S5 ARG 0] 5 S P e 22 RO i, 5 A ER

MRS B R Em TR, XATRE 2Ry —

J5 I AR A B2 B4 Ry T AR S RS T

SRR S EAIG N 5 —T7 I, 2 AR

B IR BAE ) 3 BE , AT N SR A R

BT HREKAE . BHAl, & — WA 2 a4

HIERIE N R B REY SN, A ER S ERK

ARk A e 2 & B R AEAIR T, BE A 5

Jiti 22 R EE TR I N AR T R R R AR B

M FEA RS EAWR . HAT, 280

W EICEY B KRG N VKRB AR

S LB B AE A J7 K A AE R E B S B R ICHE

R R, IR AT ] E 2 RO AR R S R Y

B RBRE IR E . 2019 45 1 H 18 H, Bk BT 526

B 2 RO B KB B PR B HEATA2AT 1B 1T 5 B

FFREN 0.01 mg- kg™ ARIG K I, 2 2ATEF

SRR WN 7.1~12.4 d, YO R B WS N 0~

0.007 5 mg kg, & BRI IAT bRt -

25 L TR, e KM 55 S W it 8 2 K R 1 2 2

M, AR ARG, R R LR ER A, IR GE

Jii, B RS ACUT AR A T B AR . 2 R A

ROR S BIFE 3 M Ah ARSKAT B SR AT RS 77 X

S22 PR R I SE R, 75 76 /) A e sl oy 1) e itk b

RN o A 56 255 70 Mk 9,100 mg - L

%2 R b R AR B i, HAE RO o5k B, 7T LAE

A A .
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