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Screening and evaluation of nitrogen efficient of different dried chili pep-

per varieties

Zhen Shanshan', Qi Meili', Luo Maolin', Meng Dekai', Ji Xuehua', Song Wensheng’
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Abstract: Dried chili pepper is an important economic crop in Xinjiang. Selecting high nitrogen-efficient dried varieties
can support the foundation for reducing nitrogen fertilizer usage and the sustainable development of the chili industry.
This study analyzed the changes in aboveground and underground growth indicators of 13 dried chili pepper cultivars
under high nitrogen(3.750 g pot!, HN) and low nitrogen(0.939 g - pot, LN) and no nitrogen(CK) conditions. Correla-
tion analysis and principal component analysis(PCA) were applied to screen for key growth indicators reflecting nitrogen
efficiency. Furthermore, hierarchical clustering analysis, fuzzy membership function analysis, and biomass classifica-
tion were jointly employed to rank and comprehensively evaluate the nitrogen efficiency of the tested varieties. The re-
sults demonstrated that plants under the LN treatment exhibited the highest value in plant height, stem diameter, root
length, root surface area, dry mass of root, dry mass of plant, root average diameter, and root volume, which were 3.85%,
1.57%, 5.711%, 2.10%, 4.55%, 2.22%, 2.50%, and 7.24% higher than those of HN treatment, respectively. Furthermore,
compared with the HN treatment, the LN treatment significantly enhanced nitrogen use efficiency (NUE), nitrogen physi-
ological efficiency (NPE), nitrogen agronomic efficiency (NAE), and nitrogen partial factor productivity (NFPP) by 2.74,
1.48, 2.41, and 2.49 times, respectively, whereas the aboveground nitrogen accumulation (ANA) and total nitrogen accu-

mulation (NA) were 8.29% and 8.03% lower than those of LN treatment. Correlation analysis between the relative value
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of each growth indicator and the comprehensive evaluation value of nitrogen efficiency (D), together with principal com-

ponent analysis indicated that plant height, dry mass of root, and dry mass of plant, root length, root surface area could ef-

fectively reflect the nitrogen efficiency of different dried chili pepper varieties. According to the comprehensive evalua-

tion combining biomass classification and fuzzy membership function analysis, the tested varieties could be grouped into

four nitrogen efficiency types: Variety 12 was high efficiency under hight nitrogen amount; varieties 2, 4, 6, and 9 were

high efficiency under low and high nitrogen amount; varieties 7, 8, 10, 11, and 13 were low efficiency under low and

high nitrogen amount; variety 5 was high efficiency under low nitrogen amount. Therefore, varieties 2, 4, 5, 6 and 9 can

be considered as high nitrogen-efficient type, in practical production, nitrogen fertilizer can be appropriately reduced for

these five varieties to better implement the fertilization policy of reducing fertilizer and pesticide use.

Key words: Chili pepper; Nitrogen efficiency; Principal component analysis; Fuzzy membership function analysis; Hier-

archical clustering
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Note: H. Plant height; SD. Stem diameter; RL: Root length; RSA. Root surface area; DWR. Dry mass of root; AGDW. Aboveground dry mass;
DW. Dry mass of plant; RAD. Root average diameter; RV. Root volume; R/S. Root-shoot ratio; ANA. Above ground nitrogen accumulation; NA. Ni-
trogen accumulation; NUE. Nitrogen utilization efficiency; NPE. Nitrogen physiological efficiency; NAE. Nitrogen agronomic efficiency; NFPP. Ni-
trogen partial factor productivity. * indicates significant correlation at 0.05 level, ** indicates extremely significant correlation at 0.01 level.

1 FREMERAES TR EE KIETRS R FAS KA S HRE
Fig. 1 Correlation heatmap of growth indicators and nitrogen use efficiency parameters in dried chili pepper seedlings
under different nitrogen treatments
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Table 3 Eigenvalue and contribution rate of each factor variable in principal component analysis

KA LN & HN
y VIR SR Rt TR y VIR TR R TR
Initial Contribution Cumulative contribution Initial Contribution ~ Cumulative contribution
Component . Component .
eigenvalue rate/% rate/% eigenvalue rate/% rate/%
1 6.228 62.285 62.285 1 5.146 51.461 51.461
2 1.408 14.082 76.367 2 1.680 16.797 68.257
3 1.023 10.231 86.598 3 1.322 13.222 81.479
4 0.633 6.327 92.925 4 0.926 9.261 90.740
5 0.297 2.969 95.894 5 0.609 6.088 96.827
6 0.169 1.693 97.587 6 0.252 2.523 99.350
7 0.160 1.598 99.184 7 0.050 0.499 99.850
8 0.068 0.684 99.868 8 0.014 0.141 99.991
9 0.013 0.131 99.999 9 0.001 0.008 99.999
10 0.000 0.001 100.000 10 0.000 0.001 100.000

11(D=0.12)13(D=0.28) ] D {H34<0.30.
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Table 4 Load coefficient and cumulative contribution rate of each comprehensive index of dried chili pepper seedling

under different nitrogen treatments

K AR flR%( LN % HN
Growth index PCI1 PC2 PC3 PCl1 PC2 PC3
¥R ®5 Plant height 0.80 0.44 0.03 0.64 0.71 0.03
254 Stem diameter 0.61 0.57 0.46 0.44 0.32 0.39
Hb_F 35 i Aboveground dry mass 0.20 0.93 -0.04 0.90 0.29 0.08
HE )i B Dry mass of root 0.64 0.70 0.12 1.00 0.04 0.04
FLPRTJ5T Dry mass of plant 0.46 0.86 -0.06 0.94 0.23 0.07
R Root length 0.98 0.10 -0.05 0.30 0.89 -0.18
MY E A% Root average diameter 0.85 0.34 0.10 0.40 0.72 -0.22
HREEL L Root surface area 0.78 0.25 0.10 0.34 0.67 0.27
HRAAF Root volume 0.17 0.81 -0.05 0.08 -0.05 0.98
78t Lk Root—shoot ratio 0.05 -0.10 0.99 0.28 -0.74 -0.29
FiEkZ Contribution rate/% 39.81 34.56 12.24 37.36 30.48 13.64
24t 5Tk % Cumulative contribution rate/% 39.81 74.36 86.60 37.36 67.84 81.48
LN HN
A — B
1.0F i _F 5 5 & Aboveground dry mass 1.0F
08k @ AR & Dry mass of plant 08 il @ i1 Rogt length
' oA SR ad | - .
HRAAFL Root volume .Dr;—n;aiofroot i T e ;E?i E?%H:m Plant height
0.6 ® 224 Stem diameter 0.6 | Root surface area  Root gverage N
Py Plant heigh diameter M bR
0.4F [ ] . Iuiiﬁﬁlil’tjﬁe;% 0.4 o Aboveground dry mass
L 2 N
Sk REH o Root average 02k ¥ Stem dianjeter & k- I:Dﬁt?
~ 0. Root surface grea .diameter o <l Dry mass of plant .
£ oop : . fK Rootlength) & 0.0T @i Root volurhe T
@R & Lt Root—shoot rdtio F Dry mass of root
-0.2F 02
04+ 04
-0.6 -0.6[
I ®}{1 i L Rpot—shoot ratio
0.8} 0.8
“10 [ T T . g 5 i 1.0 R TR NS T S | 1 1 1
-04 -02 00 02 04 06 08 10 12 ~04 -02 00 02 04 06 08 10 12
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2 LN(A)F HN(B)ALIE T HRHE £ KIatR E A S B B

Fig 2 Principal component scatter plot of growth indicators of pepper seedlings under low-nitrogen (A) and

=5

high-nitrogen (B) treatments

T REALE T ARG FHRMEMRERREEED

Table 5 Comprehensive score of dried chili pepper cultivars under different nitrogen treatments based on membership

function method

o T g 2 D {8 D value g D 18 D value
Cultivar No. X% LN 1% HN Cultivar No. MR LN E% HN
1 0.74 0.60 8 0.51 0.31
2 0.70 0.48 9 0.90 0.78
3 0.79 0.45 10 0.56 0.22
4 0.82 0.55 11 0.19 0.12
5 0.65 0.43 12 0.62 0.46
6 0.78 0.74 13 0.32 0.28
7 0.52 0.41 T35 Average 0.62 0.45
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o SN, % - R R T BRI (0 i 5 VP4 TR BT T
A LN B HN
D 0.91 0.85 0.88 0.79 0.89 0.66 0.81 0.85 0.51 0.17 . 087 0.53 0.69 070 0.87 0.91 091 057 024 -0.17 1.0
0.77 0.84 0.56 0.83 0.57 0.75 0.80 0.43 0.005 H SRS ) SO S —— 08
) 0.62 0.64 0.81 0.64 0.72 0.76 0.55 0.39 SD N\ 033 040 042 037 037 042 030 0.031 0.6
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Fig. 3 Correlation analysis between different growth indices and D value of dried chili pepper seedlings under

low-nitrogen (A) and high-nitrogen (B) treatments
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Fig. 4 Dendrogram of hierarchical clustering of D value of dried chili pepper seedlings under low-nitrogen (A) and

high-nitrogen (B) treatments

- 183 -



X ISR 5T th

L

539 %:

15 4.5.6.9 5.
2.6 AElmMEHITERE R MR 2K BX 5

R4 B R SR A VN E (D) ATHE 13 AN BB
PRI 2R 4 P ESCR BB 5-A) : (D @ & s 3K
AL, R LN 2 # ) D EAKTF{E , HN &2 D
T FE, B4 12 5. ()X R, B LN Al
HN 42 D H ¥ & T F3ME, 5 1.2.4.6.9
5o XU ALAY, B LN AT HN A3 1) D KT
I, 45 74841041113 5. (AR E = 28, B
LN &3 (1) D & T-F3E , HN &3 D AKX TF
PIE, B35S 5.

DLAE P B S B N R o A HE RTHE 13 A4S BB
R 9 4 R ERL (B 5-B) : (D) i B 208

BFE 112 5 DX E B AHE 2.4.6.9 5.
G BRAE AL ALFE 3.7.8.10.11.13 5 . (DIKE
RO ALHE S 5.

FIFH S5 B ORI SR @ R 5o W F A &
283 Fhar Oy SORF 13 AN FREAT 02K, A R LR
6. T G SRR o B M AEW R 2R
G5 IR 22 VROK s 1 SR & R B0 B 5 AR D B 03 2
SER— B, TTIA 84.6%.

CEOER B R BT R AR B R R B
KT 12 5 AMA R B, 2.4.6.9 5 AMNER
L, 7.8.10. 1113 SRR, 5 5 MR A &
A

A
08 2 b 2 13 a 6 b
= ’ *9 = *
& * <
[©) L . -
g o7 S12
~3 9
B 06r ol SE i} .
= KE
= *4 . O
< o0s5f 25 1ok
5 a2 2 B = 4
2 *5 "3 N ) 1122
= 04F *7 3 09 r
> THE 7 8'.5
- +3 22 osl | 3
m  03r )3 -z v 10
Q Z 5 *
= 021 *10 =3 07F
z > 11
T oo1p  *H g o6r
PR N SR RN N SRS S N (S R S kS . ‘ i . L L L L
01 02 03 04 05 06 07 08 09 1o & 05 06 07 08 09 10 LI 12 13 14

LN FAME/ (gt

LN '} D {f D value under low nitrogen Biomass under low nitrogen condition/(g - plant')

a, = AR b, BB s o AURA  d. KA =808 .
Note: a. High efficiency under high nitrogen amount; b. High efficiency under low and high nitrogen amount; c. Low efficiency under low and
high nitrogen amount; d. High efficiency under low nitrogen amount.
5 ETRAMEEZEESITENEWRMEYE (BN EHFHRMSMN RN R LB AE
Fig. 5 Scatter plot depicting the nitrogen efficiency types of different dried chili pepper varieties based on the
comprehensive nitrogen efficiency score(A) and biomass(B)
x6 FRAEFEENSABRMEAFBURN T AL
Table 6 Classification of nitrogen efficiency types of pepper seedling with different methods

. " RGN B RmR S EMESE
CRIIEEST ‘crarchi ; o Bi

) Hierarchical cluster analysis Fuzzy membership Biomass
Nitrogen use type . . . .

LN HN function analysis classification

S Low efficiency under both high nitrogen and low nitrogen 1,11 1.2.3.11.12.13  7.8.10.11.13 3.7.8.10.11.13
K& = 28 High efficiency under low nitrogen 7.8.10.13.12 7.8.10 3.5 5
& 2% High efficiency under high nitrogen 2.3.4.5.6.9  4.5.6.9 12 1.12
X287 High efficiency under both high nitrogen and low nitrogen 1.2.4.6.9 2.4.6.9

R B R R AR ELAR R AR AR

\‘ \/\— Q:I: \/\
3 kSR B  HN AL BN T 3.85%.1.57%15.71%.

it 67K T M ] T B 4 A K SRR R
Rl e ABTFTH LN ARE ARk 200 R R R i

- 184 -

2.10%4.55%2.22%2.50% + 7.24% ; LN 4b 1 5 i
i) NUE.NPE.NAE.NFPP ¥ & 2% = T HN, 43 %



5591

EUHII S 55+ AN [ ST ) T AR R ) e 5 0T

X ISR 5T

J& HN ) 2.74.1.48.2.41.2.49 1. X 5 FH ML
(2510 AR ABL, 2 BHE FEAIR UK T 15 5 BORLA) 1 AR
ARE I EFEF R

BRR T ERNGEER, B —iBir R
VP F 5 0 028 R B8 0, 97 328 181 2 o] SE R VRA
T bm A2 T o 260 AR TR %5 8 I RT3 . /N3 L KB5S
TEY) g ST DL AT i & L P AR e L A
RAZ O R BT 0T T8 8 PP 4 R0 Bl
B NANRTRE M LT RE AT RE
SR W) B R AR T AR R T A R AR A A% 0 4R
PRE2 AR FOE AT T R T RS
T, bk R R BT R R K AR R A
X it S 7K S v S R, R A A o) BB R
TN B AE K IR br . AWF AR, MR R T
R R R R R S AN AR
EERBCRLEE PN E (D) TR AR = = S
T kg 2B 1A 0.939.0.935, B B Rk R AR T
BRI R AR AR 2 TR A6 ) BORR
BB AT PR TR, o B IR A0 i e B AL 1R ik
1o AW FUR e 3d FEAE - H R) Kk & 00 5 1 2R K
TR b , BT 45 A B0 A B 2R Fe b, B IE
TRl R e AP R

B B R Z VPN LR K. Bl
VEV R RCEETTN 1 K R SR g s B o i AR &
TR VREDWEZFTF B AR A B S5 R AE
TE— 8 Z R0 AW T4 FAR W, O R R R 2k
SN GRS BUE T IE 84.6% , 1T R 250 #r
S5 5 AT e ZE K, AN I G SRR S i) R
IR CR R . FHEMESF R B R, $#
JE BB AT 5 R I 4 RIEA e M A 5
SECEIN SR LA G AR R T RO T R SR
BRI BT R R R VE AN Y . AR AL S A
HH OO e RO 5 U A B A 2 IR R A
R RO B TR /D, 1% 0] 5 R 5 R A L
BEHBEA R, MEKE 2.4.6.9 5 R E R K
FIEE SRR = B, 5 A R U8 A B
HIIERD : 5 5 AMRE S RO, & A IR AR 5 12
5O R AR = AR AR A 5 7.8
10,1113 5 J&@ T RUR A S0, e m & IRESE
B, W R AR G .. B B R A 2 itk g
SRR B AP B T W 28 R0 vl A E Y,
AT S 2 BB A0 3R R RIARE E U O A B LR
%,

N F TR AT AN D 2 AR A

Ko CABEFRBIE P i R SR S K H AR
PRI B A B — SOvE R, 5 0% 0k 45 R AT
K H 2 AR 2 pU gk — B RE . AT

BT RV 5 18 A 88 BT AN [ 220 R0 A 2B AL

Feiz MM MBS 2 T IR 5 SR R

JIRI 0 AR AT 810 7 A BT e TRD AR B0AIE , TR 45 &

AP0y 1 T BOBAT T BOBUR = ROE B,

MR AR SEUH it At 5 S L ER S
25 L RTIR AR EUKE (LND RES$2 5 il 1 BRS8N

B R R R TR R T B & SR TR

BORFHER RERERESASUE, 2ERE

NUE.NPE.NAE.NFPP & F HZ 4. the M+

Joi R BARR T 5T R ARG AR R T AR AT A Ay ) RO

R RV O A K AR bR . R BRI SRR

BRI H I W 5 AR B ) R SR T UG S XU R A

2.4.6.9 5 RE SRR 5 5, R AU R 12

AR SR 7.8.104 11413 5. ARBFFLE AL

T T HME I BRI A &R RS A FA

R BT GT , W] 2 o) SRR 0 %60t M 7 32 v

HENER B RS

S CHEk

[1]  FRSLUR, B 2, 5% SOM, 55 3R IE B bk JR R a3 %
X PIREESE 2023 (11):9-15.

[2]  ARSARE, W95, A L, 55 o e R R B B L R R
AN [ 2244, 2024,51(1):27-38.

(3]  RBGAE BB AF R R & SR L B A b 5T
FISEIR )] AEP 2441, 2023 ,49(7) :2002-2011 .

[4] Lassaletta L, Billen G, Grizzetti B, et al. 50 year trends in nitro-
gen use efficiency of world cropping systems: The relationship
between yield and nitrogen input to cropland[J]. Environmental
Research Letters,2014,9(10):105011.

[5] Chen X P,Cui Z L,Fan M S, et al. Producing more grain with
lower environmental costs[J]. Nature, 2014, 514 (7523) :
486-489.

[6] TianZ W,LiY,Liang Z H, et al. Genetic improvement of nitro-
gen uptake and utilization of winter wheat in the Yangtze River
Basin of China[J]. Field Crops Research,2016(196) :251-260.

[71 Saqgib M, Anjum M A, Hoogenboom G. The performance of
sweet epper cultivars under different nitrogen levels in a
semi-arid environment[J]. Journal of Plant Nutrition, 2023, 46
(6):984-995.

[8] EHM, kA, B2, 55 B IR S b 5 VAN 7%
WD), il 224K, 2017,44(12) : 2318-2326.

[9] EFHFM, KA, R4, & AFREFE K NI LA )5
B A R U s A (0] o T R, 2021, 19 (05D -
5107-5112.

[10] BOAVL, RENIE/R - FEPHLHE , 2087, 45 L B A A s 0t b
i 0 5 AR LR AT PPN ] AE A 75, 2024(2) 1 62-70.

- 185



X ISR 5T

o L ST =3

539 %:

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

KA . AE YRS FE AL 5 e FH D7 vk K R R IR
FAZEHIFEMAD] . VL5 - $00 K 2%, 2023

R R A E 1 AR 2 B L5 AU TR B A i IR
WEFL[D]. =M H Ol K 52,2017

TRAE, PR E ARANEE , & VU R 22 XN 22 B 2R e A O i
SRR SR [I] . U)1AY R 2244, 2022,40(1) : 10-18.
sl , R, I, 4 e XN A s RO R (R
FIFRZET] . [ Flolk , 2015,247(10): 50-53

BRAkfh, TREE, 5KE, & B XA RN i Rl s 2R
2R AT LI AR RS ,2022,50(4) : 43-51 .

TR, T, VAT, S T /N R ORI R R (7
b ARSI BT [I] . AR R, 2018,57(4) :21-25.

X i . /N2 T R R VA I A DT TR (1 A R TR 41
KBRS HT[D] . BRI R 5 - PEACRMBH K%, 2022.

FE 77 R R AE A N G T R SR SRR (3] VT
TRl ,2022,50(13) :52-57.

AL S, AT, 45 N R R R BRI A S
I TR R, 2025,53(21):1-10.

XL A TR 5, 7 TE M . A (7 ol 2 P St 30 SR 2407 it o
FISEMR ] . BEE 5 %47, 2025,45(1):76-79.

TN, TR, B R, S U U A 2 IR A 2 e
Wi 2 TR EF,2019,17(14) :4631-4637.
FARNE, AR AE, TR, 25102 4 SRR 5 7 U5 1 B A A
PELEEVENI]. 7 A & B, 2023,21(4) : 1330-1338.
LhR i, A g, SR AIME AT b Ui 3 AR K R R 2 P
36 S FL A BRAE ARRAE[D]. S b Aol K 244, 2025, 44 (5) -
1-12.

WL, BRGNS R AT, 25 . B LI A RUCR AV &
T S AR R[] A E TR S IR, 2025, 31 (1D

¢

=Y

- 186 -

[25]

[26]

(27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[33]

2266-2279.

I B v KT i Pl i 2k K FE R 35 AR BURFAE [D] . VL 75 4%
P AR5 2024

RV AL Dt Bl SRR S PR D]l AR 2 -l AR
Al K E,2022.

Mu X H, Chen Y L. The physiological response of photosynthe-
sis to nitrogen deficiency[J]. Plant Physiology and Biochemis-
try,2021(158):76-82.

A SR e ROR R 28 S VE A PR AR IR ST (D] Ab L
AR 2019,

FRA S, 2R e e, w7 7 A R TR S B 1 975k 5 P
W3] FERE AR ¥4, 2023,36(6) : 1271-1278.

ARARTR A, 230, A5 L H I AU SO A 5 A R R R
B f 5 K E (] M W A B R A A, 2024, 25 (12)
2094-2106.

XM, RIHF B IR AR, 5 B T 0 AWML Z i s R IR 5
TR RO BRI A D] 1L VU AR 22,2024, 52(6) £ 37-46.
SRV T AR A AR AR R 8 SR 0 R A R L i A
S[D]. V5% : P22 B TR 52,2024 .

B2 BT T AL 2 1 1 AR T e D' R R 1) /N 2 R
A R FE[D]. KB < T R ARk KA, 2025

KT L A A ) AR UL (1 L v AR B K 4y F LR ST (D).
TLBH - PEFH AR R 2, 2025

Sharma N, Sinha V B, Gupta N, et al. Phenotyping for nitrogen
use efficiency: Rice genotypes differ in N-responsive germina-
tion, oxygen consumption, seed urease activities, root growth,
crop duration, and yield at low N[J]. Frontiers in Plant Science,
2018(9):1452.



