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Abstract: [Objective] The combined application of biological nitrification inhibitors (BNIs) with chemical
nitrogen (N) fertilizers reduces N loss and enhances nitrogen use efficiency (NUE). However, research on their
combined use with organic N fertilizers remains limited, and their yield-enhancing effects and underlying
mechanisms remain unclear. [Method] This study employed organic Chrysanthemum morifolium Ramat cv.
‘Hangbaiju’ in field trials, establishing four treatments: no nitrogen application (-N), fish protein organic water-
soluble fertilizer (N), N+50 g-kg™! methyl 3-(4-hydroxyphenyl) propionate (MHPP), and N+50 g-kg™! salicylic acid
(SA). The research investigated the effects of combining BNIs with organic N fertilizers on chrysanthemum yield,
quality, and the underlying synergistic mechanisms. [Result] Results indicated that the N+SA treatment yielded
the highest harvest at 6 154 kg-hm2, achieving a 40.2% increase in yield (P < 0.05), a 9.1% rise in total flavonoids
(P < 0.05), and a 75.0% improvement in NUE (P < 0.05) compared to the N treatment. Compared with the N
treatment, N+MHPP showed a trend of increasing yield and enhancing NUE. N+SA significantly increased total root
length by 147.7% and fresh root biomass by 127%, with root-promoting effects significantly superior to N+MHPP.
Principal component analysis indicated positive correlations between Chrysanthemum morifolium Ramat cv.
‘Hangbaiju’ yield and NUE with root length, root surface area, and root volume. It is speculated that the application
of SA may achieve synergistic effects of “increased yield, enhanced efficiency, and improved quality” by optimizing
the root architecture of Chrysanthemum morifolium Ramat cv. ‘Hangbaiju’, enhancing nitrogen uptake, and
potentially exhibiting growth-promoting activity. [ Conclusion] This study confirms the significant potential of
BNIs in boosting yield, efficiency, and quality within organic water-soluble fertilizer systems, providing a new
pathway for green and efficient fertilization of organic medicinal crops.

Key words: Organic cultivation; Fish protein water-soluble fertilizer; Salicylic acid (SA); Methyl 3-(4-
hydroxyphenyl) propionate (MHPP); Nitrogen use efficiency; Root morphology

WUE% (Chrysanthemum morifolium Ramat cv. ‘Hangbaiju’) EN—F 25 &[RRI 2541,
R BHAHMME, 82 2023 FhEKMETRE 1.3 5 hm?, StEKH T
FUREE TS 20 14 yuan. HTE %25 HAMEIE T A R BR R SEAMEEsy, A NN A S 1E
SIS E. KR, & 2R RTS8 T H Mt B4, JeHEH
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HERMHAE (NUE) il , & 7B E 5 GER3RTHE4 TR R IR B
FHACAI R T e AT LA E e m B R SR — AN E 7 B, N A
Hill R IR R R IR E SRS NUE. SCELEYIE = 38 208 s 20, A& Gefh =30
FULEA WUFPRE R R b S 32 ROV, A=Ak 3077 (Biological nitrification inhibitors, BNIs)
PRSP AU EUIEIE GRS A LA M £ T 20 3R R FH 2803 1 3 AR g 2 8- 11,
BNIs ] fi] 3 rh S A AR e 1, ESREAS A (NHL-ND IS ZE (NOs-N)
AL, MIMAEZRZER DL NHy-N AR T L3, b BRI REo, & W EY
AR W AL 2 B A 3, 4-B2KENER (MHPP) . FIZRERF . T &R
(Syringic acid, SA) #5121, MHPP 7EAN [F] 2R AY 4-498 v 1 Z B H b U A0 T =2 g4l VE
TCHAEFRRYE 3, HIHIER[IA 18.3%% 55.5%[13], MHPP Refli#| & 4l (AMO) i
WA FEDY, R A AR B AESE, MHPP Hjit FH o] AR 3B AL 3 R, /b NoO HE
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ARG, 3% RS EM IR Z . BIER A&, HIEE S 7%~ 10%!15).
Lu AR SRR ], Hoit SA Bef A Rai | I rh & A Ui is 1, BRI ER,
WO RER, WMESREYI B R RSCRIRI . CATAss 1R, BNIs 5RES
PR AT 3 5 NUE JRfE &0 B, EAEANMEART, BNIs S5HHKEIER
Tt PRI S 6 DA T, HORHAE A B R BT R AT, AN R . AR AR ERICE R
BOSE, RIEKRAA B TEY S BORA T= 5y, (Lt b F APy A SR S g = 18-
1, BNIs B IIAEMR R AR B A, WA, HET i, APkl MHPP
A SA PR AV AN, @ ISR = R IR, R B e
RS &) « NUE DURHR RAKSERFEN, Wi MHPP 1 SA W AEYIGS A0 750 73
Sl 56 LK HE T T AE AT 1 36 6 BILRh R A 28 m ) 2 FH 28CR B e L], A HL2 AR
s B LR R S 8

1 MRS ik

1.1 HIER L
1.1.1R56 3 I a/NX R T 2024 4E 4 H & 11 HEL A LB R X 2 A (hE)D Y
kLR (31° 77 N, 119° 33" E) #4750 XU T e i i 2 ), 51
B 17.9 °C, F-FEIBEKE 1126 mm. X3 IX HIERAONARIE, TR ok i+,
BHZ (0~20 cm) 3 EmliEE L PE A pH6.7, BHLT 15.6 g'kg!, BHfRE 78.1 mgkg!, A
1% 58.6 mg-kg!, MU 217 mg-kg .
1.1.2 Ik SEYI N2 (Chrysanthemum morifolium Ramat cv. ‘Hangbaiju’) . A
BEAVE: HEZBOOREMRHEARAF L, N 259 g-kg!, P20529.1 gkg'!, KO
135 gkg!, H/KE 3724 gkg!s AEAFHUKEER: BEFELVRR (B HIRA
A2, N 40 g'kg', P05 4.4 gkg!, Ko0 8.3 g-kgle AWRALINHIFI I 3, 4-FKHER
i (MHPP) FITHIR (SA) WLT g i kAR G BR A A
L1350 b P R 3 I E 4 M, Sl AN R AN UKIE IR E IR (ND
W (N) . %% +MHPP (N+MHPP) FlI #ifiti&+SA (N+SA) . MHPP 1 SA
FOBEER 50 g-kg! USWA T A HUKIEIL G HERAL. RABILXHBE T, &b
HE3IW, H1R2APX, PREFRN1I0mM? QmxSm) , XAERE S50 cm, VHRE R IT.

FA R E S BNIs HHE LR 1. T 4 A 11 H—MWERUE; 4 A 18 HER&, 1T
50 cm. FREE 30 cm, FENX 159X, —RXFMk:; 6 H 16 HG— L5 esrk: 7TH16H 7H
22H. 7H30H. 8H 14 H. 8 H22H. 8 H 26 HA sk, 9 H27H. 10 A 11
H. 10 H 22 U =0EEM . BB ERAEF AR SR, BRI, BERKEE IS —EH
TAE, BEAAEEIHEKES 20 mm.

= | MRESEYHEEAIFIF (BNIs) A2

Table 1 Treatment of N application rate and dosage of biological nitrification inhibitors (BNIs)

hhap JENIE Base fertilizer AR Tillering fertilizer ZE I Bud fertilizer
Treatment CORF/ FPOWEF / BNIs/ FPOWEF / BNIs/
(kg-hm?) (kg-hm?) (kg'hm?) (kg-hm?) (kg'hm?)
-N 75.00
N 75.00 44.10 44.10
N-+MHPP 75.00 44.10 2.205 44.10 2.205
N+SA 75.00 44.10 2.205 44.10 2.205

http://pedologica.issas.ac.cn



+ 3 Rk
Acta Pedologica Sinica
W N, A EAENUKERRENE; N, WA N+MHPP, U H 5 3, 42K N R (MHPP)
N+SA, HHER+ T &M (SA) . CORFAREARZEHHIAL, FPOWF IREMEAFHKE, HHUAEKHERAHLL

4% 1T . N [F. Note: -N, nitrogen control without fish protein organic water-soluble fertilizer; N, conventional nitrogen

application; N + MHPP, conventional nitrogen application + methyl 3-(4-hydroxyphenyl) propionate (MHPP); N + SA,
conventional nitrogen application + salicylic acid (SA). CORF stands for cassava-residue organic fertilizer, and FPOWF stands for
fish protein organic water-soluble fertilizer. The dosage units of organic fertilizers are all calculated based on pure nitrogen.
114 B FCRESTEFRI R A 3 S et B e TR B0 AT 7E . K2 0~20 cm #FZ
T, ZEARRT BRI, KSR 7k, e 3 pH. AHLE . Bl
B AR

FEEMIE : BUERART A S USRI 5 IRTET 73 IR & JE AR, 10 8/ NX = &

BIERIFHZ M. RUCKARR L 2 R — Bk, S50 S JCRINEEIEZ: 105 °C
AT 30 min, 55 CHtT2IEHEGRE: EHEESHED 025 mm i, H,SO.-H,0.7H &,
HEEEREN M (FjelFLex K-360, BUCHi, #it) MIERESE. LA E A/ IKE
JECND A A ERERAZE: FRFAHZE (NUE) /%= i LK% Z0E R SR
RE-AHEAIKERIEEESRER) /AR E<100; Hd, EESREE =/ TP
JREXHER G RE+ Y (FREEE TV 0 ML S A E) .

ST E . B S RAEFIRG T, S BRZEMEERIT 00 e A i &

FIEEMER (NOy-N) AR (NHS-N) W5E: HiEAZWIR)E, S /NXCRH
FIRA RFEEREE 0~20 cm #2138, RA)GE USRI LB Bl 5t (a5
A E LIRS AR S A S =,

1.2 iR AEE I

PRV BNIs ALBR B =S ApLH], FRE THLARIR R AEKE NI, Kbl a5 5
T IEFIAE RS IR 5L B AT W o B IR R AL S IR VO o AR R D e RS 13 F 10
mmol-L!' KH2POs, 5 mmol-L! NaNOs, 2 mmol-L!' MgSO4, 1 mmol-L! CaCly, 50 pmol-L!
H3BO;3, 12 umol-L! MnSOs, 1 umol-L! ZnCly, 1 pmol-L!' CuSO4, 0.2 umol-L! NaxMoOs,
10 g L' FENE. 8 gL' Biflghy. JLid 3 ANAbHE: ON: FEAEFRE: O N+MHPP: JEalE 7%
W (VS ET) RN 50 gkg'™MHPP; @ N+SA: REfliE =it (VRS E N 50
g'kg!SA.

FAKHE 4 NEYEEERFRNL, B 10 kb7, 5383 pH $HE 5.6 (1 mol-L!
NaOH/HCD . BiEZHF T4 75% (vA) SEERT 1.5% (vAv)KMnO4+0.1% (vv)tiE-20 JH 7, 4 C
WECARTE 2 d JSHEM T893 % (12 emx12 ecm) b,  Parafilm B3 158 B8 TGRS
OB ETA 16 /8 h, T (25+1) 'C, JEREEERREEA 50 pmol'-m?'s!) . 8d & H WinRhizo-
LA1600 2 & 141X (Regent Instruments Inc., Quebec, M E K) KER R K14,
WIinRHIZO # {4 raiR K . IRRMAANRAAT; BRI EEY R E. & 10 RA— 0
Frehr, w3 IRER.

1.3 BRGS0

K Excel 2021, Origin 2025 347 Ab#E 522 K], SPSS 25 BAFHAT St o0 M, K HL A

R EMHT (ANOVA) FIXSHE LT R BE AL (P<0.05) .
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2.1 A~[E] BNIs BLhe x4 B % 7 £ F RS20
ANA AR AL B2 A A R (B D) o SxTIRAREL, iR AR B R
(P<0.05 , HA, N+SA PG~ R o RE, HmE 0k 6 154 kg-hm?, FHERT
NALFE, S 1 763.3 kg-hm?, IEIL 40.2% (P <0.05) ; N+MHPP AbFHAE: N kb3~
BWINT 705.1 kg-hm?2, $57T 16.1%, N+SA 4bFE4E: N+MHPP ALF8 77 1 058.2 kg-hm2,
RN 20.8%, J5 3 [AIFBARIE B K.
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E: B ARVNG FREFRRA AR 2 (7] 2 5 23 (P < 0.05), T [F. Note: Different lowercase letters indicate significant
differences among different fertilization treatments (P < 0.05). The same below.
P 1 RN A= P A A A R A 9 5 7 B A S
Fig. 1 Effects of co-application of nitrogen with BNIs on the yield of Chrysanthemum morifolium Ramat cv. ‘Hangbaiju’
DN PPARATL 20 7 B AR TR i SRR, ASHIT TN RE 1 M B RO o SR
(K 2) o #IRRY], N BRI A SIS B, X 909 mgg!, BT &R
W (P<0.05) o Jiti LB SRR & 5 FEIE Y 10.5%~ 20.8%, #5402 a] 2 SR & SRR N -
N+SA>N+MHPP>N; 1, N+SA AR S & AL N AL R 5 9.1%, 5 N+MHPP
WOFRTG RS 75 5. N+MHPP AbFE 5 N A 72 F AR

120
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é sl be
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S
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Z 30
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2 EIC A AE PR A 30 A 7R X T 1 4 B 5 R
Fig. 2 Effects of co-application of nitrogen with BNIs on the total flavonoid content of Chrysanthemum morifolium Ramat cv.
‘Hangbaiju’
2.2 N[E] BNIs Eehgsiin B3 ¥ E R AEF A R0
LA A2 SIETY AR R AL S REIR 2. 5N LHEAM, RS 5
FHIRE T EHAENTYRE LS EE (P<0.05) o iiZACHE 2 (837~ 872 mg-kg!)
FAE (1 072~1 121 mg'kg) FRBLEEZESR, HTFYRMRZEREE., Hd, N+SA L
AW BN TR 3 R Tt 1 40.9%M 45.9% (P < 0.05) ; N+MHPP 4 #
HIAET YR N AL BT R TS, (HARR KT
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Table 2 Biomass and nitrogen content in the upper part of Chrysanthemum morifolium Ramat cv. ‘Hangbaiju’

K3 TH)% & Drymass /(kg-hm) % & Nitrogen content /(mg-kg ')
Treatment 20t Stem and leaf 1€ Flower Z£n Stem and leaf 1£ Flower
-N 1204+130b 371+130c 539+20.1b 827+82.4b
N 1861+359ab 758+115b 847+32.9a 1121+100a
N+MHPP 1 866+545ab 924+188ab 872+28.8a 1090+16.1a
N+SA 2 623+345a 1107+168a 837+68.5a 1072+18.5a

VE: M LR R E R VORI &/ KR TR A5, TR RN 5 VORI RER M . S0 b8 fe
HhRHEE (n=3) , [FAFIARFENG FREE R FE 2 57 2 (P < 0.05). Note: The dry mass of the aboveground stems and leaves was
obtained from the results of drying and weighing all the plants in the plot after the last flower harvest. The dry mass of the flowers was the
total of the five harvests of dried samples. The values are presented as mean + standard deviation (»=3). Different lowercase letters in the
same column indicate significant differences (P < 0.05) between treatments.

e R B E AR Z R . WK 3 Fin, DN AEDRR, 25 a3
f) NUE Zefbiass 5 ELHE ¥ —5. N+SA &F NUE f&&, SFEET N A (P <
0.05) , ¥ N AFHEZERTF 75.0%; N+MHPP 43 NUE 5 N &P 2R AR 2. RUIEC
SA ] REAE I 20 B8 AR . R TP E 5 B R SO 2R 1 R AR .

18

a
3
Z
£ ab
## é‘z
i3 b
= u 9
2 £
B g g
=14
o
=
= 3
0 . -
N N-MHPP N+SA

4L Treatment
3 GUILIC A AE P RE AL 30 0 70U X T 3 B SO P R R 5
Fig. 3 Effects of nitrogen fertilizer combined with the application of BNIs on the nitrogen use efficiency of Chrysanthemum
morifolium Ramat cv. ‘Hangbaiju’
2.3 AN[E] BNIs BLig st HIR S RAMRS RRIF0
F AL T HIR)E 0~ 20 em 1 JZ 3% NOs-N HI NH4*-N & B {201 4 fros.

N 4 H NOs-N & & s, 18 76.4 mgkg!, ELjti BNIs ] N+SA 4 # N NOy-N & 2 % [%
1% 30.8%, N+MHPP 4b#5 N AHLEHZRF . NHS-N FRAWEIHA OGS, Bl
BNIs 40 B30 T NHa N & &, H b N+MHPP 40 # NH. N & e, HZE T NA-
N Ab#, Ze EIRE5REY], SA A MHPP A3 2] 1 LIRIBEALIEN, J8Z2 7 NH4*-N [A]
NOs-N AL

100 a 40 a
ol a) i | b)
=11} =15)
= =
o0 75 ab a0 3 l ab
g E-
= b =
z z bc
1 +_
S 50 T 20
Z z
Y ¢ IH c
4, <4
10]

¥ )
Az \ o] o

N N NAMHPP N-SA N N NAMHPP  N4SA

TR Treatment ZRIT Treatment

P 4 SN C It A P A 400 o) 70T - S 25 U e 2 SRR S
Fig. 4 Effects of combined application of nitrogen fertilizer and BNIs on soil nitrate nitrogen and ammonium nitrogen
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2.4 I[3) BNIs BLie x4 B %R R AV S2 0

R ZR BRI 7> FIFR 7 AL D2 E, IR RTEA il 2R MR B R 3R ERE T A
7] BNIs Fefiti % 47 1 2 HR R (K520 DL B Sa, 5 NAREEAHEL, N+SA AbHLE 230 T B A %91
MR Wil 5b B, @i MHPP Fil SA W BNIs {5t 126 AR AR 390 T 197.5%~
217.7% (P < 0.05) , XFPF BNIs /EHL A% MR & & 7 EA BZE R EH. A
BNIs XL 2R R EEY) T 2 520 Q] Sc . NP BNIs 35 68 2 2 38 bt B 561 &
FIEE . 5 NACFEA L, N+SA F1 N+MHPP 43 R R 64 )5 B 20 551 2 25 1900 127.0%
1 46.5% (P <0.05) . H N+SA &P N+MHPP ACHAR R EEY) R & B EWIN T 55.1% (P
<0.05) o XULH, 0 SA BEIIBT A AR R EFY) TR I SUR R R

Ea a
w D T 2
=R
=
f=]
= & 60 b
o=
- c
E 2 40
bo b
(=]
3
20
El
=]
= 0
N NHMHDPP NESA N N MR NES
S Treatment SRIE Treatment

B 5 A FEAED R ACHFE I T AR R E KK (a IRATES, b MREL o REEVTE)
Fig. 5 Changes in the growth of Chrysanthemum morifolium Ramat cv. ‘Hangbaiju’ roots under the action of different BNIs
(a. Root system morphology b.Number of forks c. Root fresh biomass)

iid Win RHIZO XTI R AN F) 73 G iR ARG . AR R AR AT T & T4,
g (H6) WoR, MHECT NAH, WAl BNIs ¥ 8 ERT TH AR R MR, R
BRRIAR (P <0.05) o XTE 6a 70 Wi REW], 0~ 0.5 mm 4HHEMR KR 5 52 BNIs {5
Wi N+SA AbFEF A ALE B2 N T 149.2%~ 151.7%, {H N+MHPP 435 N AL 2[R £ 3
NEFAGE . WE 6b Ji7n, N+MHPP AT 0~ 1.5 mm HRERTEREEHIIN 56.0% (P <
0.05) , N+SA Ab¥EE N+MHPP X3 B #%§ETH 1 0~ 0.5 mm (49.7%) Al 1.0~ 4.5 mm

(303.0%) WREMM. K 6c 4iRER, 5 NABEMEL, N+MHPP AT 0~ 1.5 mm RA
BEWINT 2053% (P<0.05) , 5 N+MHPP ZbBEAHLE, N+SA ALFE T 1.5~ 4.5 mm (AR 14
R EIEIN T 449.5% (P < 0.05) o ZR LA, SA BEMIE 15777 mll s YA
R (< 0.5 mm) FFHEEERRMAEK.

= £ v Bl ¢ (mm) =45

5 (9 2 | w9 . 40w () =43

g i g 3 B 3.5<d (mmn) =

5 . § s E o4 [ 3.0« tmm>

W T b g [ 250 (mm>

.T; 100 gl r\_ﬂg 030 ; -2'(}(/-(“ P 325

E b b 2 i B 1540 (mm) =20

g = i 10« (H].LI]? f-:.:l.J

- = o g |:|[)_5<(TJ (mm) =10

A &) = < =

i 0 = . oo [ Jo<® (mm) =05
N NAMHPT  N-SA - N NiMIPP N SA N N-MHPF  N-SA

AEH Treatment AETT Treatment Kb TE Treatment
Bl 6 A F MR AAHIFIER TR AR ARSREK (@  REEH (b . RAER (©
FANFIRR R EAR S R 5 A
Fig. 6 The distribution of the total root length (a), root surface area (b), root volume (c) and different root diameters of

Chrysanthemum morifolium Ramat cv. ‘Hangbaiju’ roots under the action of different BNIs
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2.5 MBFRARSK =2, MERMEERHARNFMN
K FERIA AL BN 22 RS R FUIEF 2 R e sl & 23T E 5 o
(Principal components analysis, PCA) . 41& 7 fix, PC1 Hl PC2 fERAE 537 1 82.6%H
9.10%, REWER: 7 B EEEN 91.7%, BEWS e RS AL E IR K R o N [ B 50 JR 7]
L, rEEHERK. REmAL AR RAREY)ITE & NUE SAEF K IEMHSS. S
SRS EMRIONIEMSS, HEAHKERT . ARG RS20 F 2R E, N G
A2 ¥ PC1 A4, 1Mt A BNIs () N+MHPP #1 N+SA AbBEIf7 T 1E4l1, Jirp N+SA b2t
FE PC1IET7 [ B 5 HARAL PR 2 0 B, HA5/7 8. R RIBAS K NUE S5 7 F6bx ) 2 s 5 —
e

-0.50 -0.25 0.00 0.25 0.50
6 T T
N - 110
® N wuree
300 A v sa 105
Q:
‘—.‘ N
2 0 ““:‘\‘ 0.0
('\] KSA
E v kL
1-0.5
=300
{-1.0
-60-"] -5 8] 5 10

PC1 (82.6%)

E: TFAUREHEE, NUECREEFAZE, RFB AR AT, RV ACERRAEN, RSAMFMREIN, RLAKIM
K, ¥ AR R BRI, SRR R . RO CROZERIE) , #Ek MK TR, Note: TF
stands for total flavonoids, NUE for nitrogen use efficiency, BFB for fresh root biomass, RV for root volume, RSA for root surface area,
RL for total root length, and Y for yield. Scatter points are experimental treatments, and arrows are influencing factors. A smaller angle
means stronger correlation (characterized by a cosine value), longer arrow means greater contribution.

7 BLAF R IR G IR AR R E M 7T (PCA)
Fig. 7 Principal component analysis (PCA) of the relationship between agronomic traits and root morphology of
Chrysanthemum morifolium Ramat cv. ‘Hangbaiju’

NFAR PR ALERE R R ABD XA 497 8 L NUE [tk
ABETER N PCAIESERURFEE R T 1 sy, HRFEE . J7 22 STk 3 b Rk J7 2 ok R
W 3. GiRER, 3 DM RiFTT ZTTRRIE 96.03%, W R REDIRIGER, 1K
B CRRAERTH B, HOEBGT 3 S ERR IR S0

®IMALSDREXERDTHFIEES 5 E5T

Table 3 Eigenvalues and variance contributions of principal components for root morphology classification

B %) R TTE TR R TTETRE
Principal component Eigenvalue Variance contribution rate/% Cumulative variance contribution rate/%
1 1931 66.57 66.57
2 4.92 16.98 83.55
3 3.62 12.48 96.03

BT 3 AN E R BT R WL 4. PCIFRE T 408l S R (0 2R 0, mI AN R AR AR
BARAFARE A AR, P58 (0.191) . NUE (0.185) M #44 K 2 ¥ i Z35h5
(EE s AT 0.16) HI7E PC1 B E IEEGT, R UIR R SRR R N2 = &/
NUE RS F AL . A T RGBT BRAR B, b — 20 Ml fr (B B, /D T55T 0.5 mm
HMRAREK (0.225) J 2.5 <L < 3.0 mm WREHIHRK (0225 . RER (0.225) FEMA
(0.226) 7E PC1 F#mi R . %S RHRIEE, (EAMRUER S AR FARERGIR (<
0.5 mm) MK, PLAWBEARIHE M S A SCHE DR & BRI (2.5~ 3.0 mm) 4K,
FERTENT A5G~ A NUE 5 0 8 1 T 5 SR

PC2 N3/~ T RIhAe 2 k. P EAE PC2 ERIE#AT (0.160) , 1 NUE HI# A
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BT TE (0.026) , HH] PC2 FE B 5 NUE KRAKK S~ EEmEE. Hd 0.5~ 1.0
mm R (0.274) F13.5~4.0 mm R (0.263) #imifmm, RUTEHR T NUE 3t
SO, IR E X BHIAR RA B X E IR T B A #A e g R .
i LRIk, EROr a1 A A6 B NUE 322 AR AR AR o e
H/NFET 0.5 mm WRSCRAT 2.5~ 3.0 mm 4 S/45 MR 0 DTk i A R H

® 4 RS EHGER
Table 4 Principal Component Load Matrix

Ar & variate PC1 PC2 PC3
7 Yield 0.191 0.160 0.033
NUE 0.188 0.026 0.097
0<L=<05 0.225 -0.005 -0.071
05<L<1.0 0.191 0.209 0.128
lLO<L<1.5 0.220 0.043 0.017
1.5<L <20 0.213 -0.136 -0.089
20<L <25 0.174 0.074 -0.323
25<L <30 0.225 -0.004 -0.068
30<L <35 0.188 -0.233 0.088
35<L <40 0.166 0.263 -0.164
40<L <45 0.161 -0.292 0.138

L>45 0 0 0
0<RSA <05 0.217 0.056 0.135
05<RSA< 1.0 0.130 0.274 0.262
I.O<RSA <15 0.215 0.017 0.015
1.5<RSA <20 0.210 -0.145 -0.094
20<RSA <25 0.177 0.075 -0.310
25<RSA <30 0.225 -0.012 -0.074
3.0<RSA <35 0.189 -0.229 0.096
3.5<RSA <40 0.164 0.267 -0.161
40<RSA <45 0.161 -0.292 0.138

RSA>4.5 0 0 0
0<V=<0S5 0.069 0.198 0.444
05<V<10 0.031 0.286 0.394
1.0<V<15 0.160 0.135 0.300
1.5<V<20 0.218 -0.108 -0.005
20<V<25 0.193 0.115 -0.225
25<V<30 0.226 -0.009 -0.063
3.0<V<35 0.188 -0.228 0.104
3.5<V <40 0.156 0.283 -0.136
40<V <45 0.161 -0.292 0.138

V>45 0 0 0

7: PCl. PC2. PC3 73 #/millid LR M IUASE — B0 SB=TM00: LS RSA NIRRT v A
# o Note: PC1, PC2, and PC3 respectively represent the first, second, and third principal components extracted through principal

component analysis.; L: total root length; RSA: root suiface area; V: root volume.

T W AR Se 45 SRR, et FH AR 2 A AT LKA RIS 23 790 et A= V0 Al A 4 77 SA AN
MHPP, LR FHZ A 42 25.4%~ 75.0%, BLEFE™ 16.1%~402% (K1, E3) . &fF
() — LR IER M, BNIs S ENERCHE AT 32 =i/EY) NUE A= &03, ABFFiai R, SA
Al MHPP 58 LA NEEC bt A 5= BRI RUR . BB FE R I, AR A F ) 75w 40 ) L
BEMAIER, A 208> NHy-N 1] NOs-N 164k, FRREM RS NoO HEl, M ifi$e mifE
VIR R R I RIS = 8- 131, KRR I, BNIs e R0 H e T8 i, BaEx
BEZMRFFAEAG R RESER (B4, XWaTRERL AR 7+ NUE 8 g JEK 2z —.

A, AW AL, 5 NASHAREL, N+MHPP F1 N+SA 4B 28 516 F9 5 82 5l
$EE T 1702 kg-hm2 A1 1 109.1 kg-hm? (P < 0.05) (£ 2) . i E¥AYEKKER 0]
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RE SR RIRURRE I oA . WFARLRI, RK. WRERHA . RAERER RS EEY
P NUE $87 B) s R 3 . Ma SUSIRIAIF S0 R I, ZKAEAR 58 206 1) A= P i A 0 1) 71)
1, 9-%% “BEREAE— EIRFETEREIA (50~ 200 pmol-L-1) I L 0L e 7+ MR KB AN AR 20 &
FI3E N, AHEFUXT BNIs W8I0 LA SR RAEK MM ABL, Sxi@MLL, #n MHPP Al SA
WERIRERA I AR RIE SR (B 5, K 6) , MRk Shtagih - rai—i. |
HERRA TR, PR NUE 5REREK . MR SAR R b (A7 70 M 5535 1) TEAH 5o
(KB 7) . %hn BNIs 43, 7F PCA Erf 5 N A B Z0E, K578, HAKE. NUE
ERUARAR I I T ) 3. Wei ERIFF AL R EoR, fEWNFRMEBRGE S, RE
PR SEZMK. FFEM B B R R R AR WK, B RKESE AR L
R IEMSE. ARG RBEY, MM BNIs (UHRZ SA) EEFENEN AFH MR RS
(Els, B6) , dhfmd KR RWCmAR, H5mI= oK I Re /1. SRR AR RIS RE
FIRFE T TR R RN, X AT BE b B A IR AR KR A A KR T MR A
28 NUE 32 FHAR I 7= B i w25 34 .

AR, N+SA AFEE PCA EH 5 N Al N+MHPP 4b#E %05 (B 7) . SA 2
4-F2H-3, S-THEMERHRR, BTMEREYN . AR, 2-REKHE, RUK%R
YRR S T IREEDR AR KEMPUEtE, @k sMEEA Rk . EREK.
N B AVE AU EACEEE TR BhAh, FBHRER . R IE RS My G B AE — SE WK N R
WIRTHEDN Y E. HRETENRIERRKE, RIS AR BN,
HAANT 0.5 mm IRAEIR A BRI R TIRL, RV R b 5 2 17K 40 FF7 43 IR
A EROL, AR AR A BE 3 N S A R R S AR IE A S8, X SRR AL 0~ 0.5 mm
R ZE X P2 &A1 NUE [ EEEdfr (0.225) EavE (GR4) « FEEMAIR 2.5~ 3.0 mm 7EHR
RHPEE SR CEHEE” N CEREEET MXE A S, BEOREE T KRR I R
%, WA R TYE SR, AT AR 2.5~ 3.0 mm AR R & FR AR X = 8 A NUE
PEAEE S, BRT 0224 (R 4) o XK E X B IR R K & 1T fe 5 A7 Dh e B0 A= 4
ERHEYMEA R, EREEIEIED R =&, Ad, PC2 FERBREXMA SA
(05<SA<1.0mm) AEK LGS <L < 40 mm) 5/ BMIEMHFELR (K 7) , XL
BRE S8R E MG, B PC2 E#HAike (R 4) . AHAEKY, 3.5~ 4.0mm
PPRHARFESARED 5 oK S VG2 VIR DG, A7 B KAG G0 mT D g A 7= 2% B
BERERCY, FETLL B0, SA RTREARIE T AsAb s A AL KB CE AR, (2t 7 B3
YRR, MRS T R A IER R E

AR, SHMER (N) AEEAE, it SA A0S S R it %05 2 AP F 56 A 5
B &R TR, HIRFPUREE, Wi MHPP BA SR FE AR BEAKE (B 2) .
BNIs i R ALAE 4R 3 7 13 NH/NOs L 58 s R il bb vl S i 2 A AN 2
Wy 2, T S i U FE A IR AR PR S B A, IR AR R E RSO A
YA EZEREEH . AR, RRE RO R Re ) BERE M AR ik . %
AR, 33t R 45 R R ER AN B R S i AR R BRI, SATE NI, A
HHUEALF BRI RE 1, AT E . IR PR b, TR T R R R A
R = AR R334, Rk, BNIs XL E 2 fh R R AT B2 — > 2 @A h RIE 45 2R,
A REE AT IR RS T B B, 5B SA SRR Y S T A IR BTA
RS, AR T &R AT E 56 &0 SIS . 2% ERTIR, ARB R HLE A
Mg S RO AR T Bk, BT R— . — RS R, HERm
WIEMA R TARKREAFXEIFREZ A ZERRERE—PIIE. NERARFLAR BNIs
XA AR RIEA W, i —PEARRKE SEW = W5 IR m T
WIEBLR, AR T R R B2 2 FrCCRH 77, BB EFE R
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FMRREEE A, ARG H A A IUREEE LRI e AR R . AL, S B 7
RERATRAR RIG SEHEME, AT AHERS VP AN [F] BNIs ABEE XS R 2R AR K s N 3R AL T T HEM)
BnKentic peAh, AW A FE EAAR RIGERIRI 7> EEIE T IR AR, ARNINEA
5T R R S8R, PR A 7S 2 W27, RN SATRIENT A% IR &
WA, WER P S B R F T, B FRIRA VL BNIs 7E L8 (e, IS
SR MR VE T AR AR, D BN 78 AT RESER O A 1R 80N F F kU S 1) B AL

4 45 i

=

A FUIEE H RS, YR T AWM B R, mEOAEVUKERS SA M
MHPP 5 Ff A= 0 Ak 40 1) S BC 6 AT 1236 7= 1 IR B R0 S s s . BRI, 5
it FH £ 8 A WK IS AEAR LG, it SA B THLA% 8. NUE MG I & 5. Eid
STHEARIERIEA KL, B MHPP Ml SA Hfg 5 MR L mAR . AR AR LY 5
2 AokE SA WG T AARK, HEEEHE T HEANTET 0.5 mm AR 2.5~ 3.0 mm
AR, AR R T MHPP. Aol SA o] Rl i (ALt A5 28, 7 Kl
L SRAKAEREIREE J7, I nT BR AR A AL R RS e AR PR i B T I|), S5 AR K HlEUE
SUEER, &5 NUE, {gdbth FAEmERR, fr-mR B, A 7AiM
A ARHIFRE 0 S e, O R B HURE 0 == P s AR A 1 g Ae .
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