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fif RO ER R ] DYk, BUB 2 X HDGIR =
BAFONBE FORT R, BT TEIFAE AR RSN 5 SRR 7 7
SRR B A B FARE, Dy B R O
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1.1 AR XHER

RIGT 2022 4F 9 H—2023 4F 1 H e EAE
2REH 2 AR R (N35°9, E113°47, ik
78.7 m) MHMREHHT. WX TR A H 2
BEHEHE, BRWTERSEX, FHFKE 5483
mm, FEWEKE 1909 mm, ZHEFHSE 14 C,
H RIS [AIIA 2 399 h, JofEiH 201 d. 5T HIE=
AER. AL, K 60 m. 3 8.5 m, EIE
7 0.2 mm JERTCH I CHn I, ek AR
5 em JEERIEARGE, DRSNS RS 8% v Py B I R
EAEL AR5 X 3 NIEL, 0~60 cm )2 Pyt
PRAR N 1.49 glem®, HIAIFKZE N 0.30 m’/m’.
12 AR

IR “HRME F1” BARETRE, WeEdbrm
SEPE AT EML, ATHEE 60 cm, FREE 40 cm, SRATRME
20 Bk, BEASKCEERIE 60 k. JEHUN F R, R
M UAT 1A s 30, ki 2.2 Lh, LI

FEON 40 em. XIS T 46 AT & b FE AR S A IR 750
kg/hm®, FAEIRE AN 15 em ZEd7, &ALBEITAEAR 5B
WA A 1 REKIEATIBIE, RAKEITHEK
VAIIE 45 kg/hm’, A AMEFFIEAR FIAWEE 0.2%~0.3%
WEER — BT AT 0.1%MI R IR G 2 WK, &5 5wt
0.2%~0.4% 1) JR 2 AR — AW 5 . 3R
TIRERX R, AR (K,
XD, &R A, BIXD WE 3 MoK ba b,

Oy ONE KT (K1 J1, RS KERN
55%~65%H (A1 FF K H D). BEKSTE (K2, ]2,

IR IKE N 65%~T5%H A1 FFKHK D FI 78 43 %
(K3, J3, TIEEKEN 75%~85%H [HFF KK ),

it oMb, AEAMEE 3 RER, RIS RS
IKFELZIEREN 30 em; 7346, ALRIERARBIAE 1)
B, BARGE WR F FR  ETr A alge 1) &%
AH IR E SRS N #H (20220906—
20220924) = IREFIMEN 2594 C, BEMHE
51.65%, JFAEAL B3 (20220925—20221024) =
BESMEN 205 C, BEHHE 66.93%, 2455
(20221025—20230108) i = EHMEH 14.48 C,

TR 79.51%. AT B G — & B 3K 7 T IR
WK BRR CHIUET FRRIEN, FAEREKZ IR
HARRIG T AR 1, AR & ILE 2.

k1 KBkt
Tab.1 Experimental design

Jb 3 HH THAEAE R Y] ]

K1J1 75%~85% 55%~65% 55%~65%
K1J2 75%~85% 55%~65% 65%~75%
K1J3 75%~85% 55%~65% 75%~85%
K2J1 75%~85% 65%~75% 55%~65%
K212 75%~85% 65%~75% 65%~75%
K213 75%~85% 65%~75% 75%~85%
K3J1 75%~85% 75%~85% 55%~65%
K312 75%~85% 75%~85% 65%~75%
K3J3 75%~85% 75%~85% 75%~85%

R R AE Sy KR R KSR L

%2 #MEKRE

Tab.2 Pepper irrigation amount mm
AHW S K s
K1J1 K112 K1J3 K2J1 K2J2 K2J3 K3J1 K3J2 K3J3
R W 59.6 58.4 59.1 582 59.6 59.1 593 59.6 58.7
FEAEAL LA WAk 29.8 292 289 44.8 439 443 59.1 59.6 58.9
2 L WK 58.6 81.9 117.5 66.3 74.5 105.3 48.9 76.9 119.2
it TR S A 148.0 169.5 205.5 169.3 178.0 164.4 167.3 196.1 236.8

1.3 MEEHERTG A
1.3.1 A EM

PRigr: TEBRMURE AR S (B2 1 em 40D
B BE 2 B E ER . RE IR ER Bk
A EUE, BRI B .

EX P YN IPAINE=E =D IES 7 G ES
ARG IR R B . B o) & AR AR R R
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133 S&RmE

MRS /INX HBEALRAE 20 Ak B AN A RE R R BE
W (] ASA WM EI E 4 & ¢ &P [
BCA EMEH A E, HHMFENYS BCA W5E
A, MWL LR A E A B, R
A b 35 0 AT T v 1 0 T A e A
ik (HPLC) I B . — S i =,
134 A KE

TERFN/NXBENLERE 3 e, B 10 em N 12,
FHECE TR 30 em H 2 HIESKE, #ES
R, BRRL 7 d A NE 1K,
1.3.5 L %448

TR NN R R SRR S, AR
WRERSHNEIRE (T HXAEE (R, Ot
HHEBGRES (PAR) FHEE, Hdid GPRS ¥x
LIS BRI R 2 k25 2% 1A 2
1.4 #iELIE

i Excel LS HE . FIFH SPSS £4fE b2
WAFIAT )T Z 5001, A Duncan 77 A3 T B M
Uik o

2 ERESH

2.1 AEIKS SHRACIEST RS . SHEARMm

PSSk e A 1. B 2
CHARIFAE AR SR 2022 4F 10 H 23 H¥dE, 45
FHIRA 2023 % 1 A 7 HEdE. E 1 /Ta, &
Ab TR BRI S ARG AR R, B AR E W Ak
HH AR g B G 0, A A SR v R A
Ko FHUCHH . FFACAA FEH K oy 5 s 7
Bk =g 0, S EOHRR 2 R B3 (P<0.05),
G5 K 535 Bhoet BB = s N, Hod K11 Ak
FHEZM RO, A5 AR G N 20.8 cm. 45 85
BAKIEARTER, WE AN, mE&RIA
K3J3 Ab#>K2J3 AbHE>K2J2 4bFE>K3J2 AbFE>K2J1
ASFE>SK3T1 ARFE>K 12 4bFE>K 13 AbFE>K 11 AbFE,
Horp K313 b ERfR O, N 78.2 em, K1J1 AbEERE
FiN, N 64.4 cm.

HHE 2 AT%1, & Ab BB R Y K H AR ]
BB G K R AR, P8I 4.19 mm.
FEAEAL L1 E RS K 435 SR ZERH 3 K R s L
BTELE RIAFE rHEKIG, X BRR & e m AKX,
TR BB AT fME K . FEBURCE A E B
W, K3J3 AbEEBACEE R A = 12.5 mm. J1 AbBETE
g R IO R R, o K11 AbEE M 5

/N (10.8 mm)o
100 ¢ AEE#. =iy s AR g5

el == ==
80 g% I T ap la |a al @8
c bc
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B 1 &4 RS
Fig.1 Pepper plant height of each treatment
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Fig.2 Pepper stem diameter of each treatment
2.2 AEIKS T ERAIE TR 2RISR
K 3 NAFEKEE N &, 5 K3)3 b3
AHEE, K2J3. K2J2. K3J2 AbFHE 3= 82 50
T 18.9%-. 3.3%. 0.6%. - K2J2. K3J2. K3J3
M SRR EEEEER (P>0.05), K213 &b
PR ARG, N 857.25 g. KI1J1 ALFER F R
FeER %, N 398.83 g, B K2J3 AbEEFEIK 53.5%.
FEACAL AR [F 7K o> AL B R, BE A5 285 S K B 1
bn, wE AR ECESG . b K33 AR BHE RS & R A
B N 1794, 5 K213, K312 dbFTE B Ik 2
(P>0.05); KI1J1 AbFHE SR B =R, H 93 1,
B K3I3 4b B PEAL 48.0%. K2J1. K2J2. K2J3.
K3J1 M3 ER R, 08 5220 514, 5.03.
528 g, H 4 M ZELEEMEER (P>0.05).
TEACAR SR 45 R IK 735 Bk Ab B X — &S AR
YIRS R R . AR R E.
K3J3 AbPEAER b A AR A A E, )
15215 g A1 82 AN: KT Ab B E R i 5= B A SR %
BINEAR, 435N 50.72 g f1 254, % K313 AbFEAE
Pl o SR B R SR > 66.7% 1 69.5%; K313,
K1J1 AbEEEER R 2 AR S HoAh A B 2% 5 3
(P<0.05). K2J2 AhHEER MR LR B m, N
226 g, # K3J3 A RFEIN 209%, HY5
K3J3 MhFRZER B E (P<0.05). JTF1EAL BRI 45 1
WK 5375 sk b B R — 35 A8 FAE P Y MR 32 5 i AE 7S
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Tab.3 Pepper yield and composition under different irrigation treatments

PR (R

AErid R CRED

e 7 g FHuA R U Mg 7 g RHuA R BTN
J1 398.83+10.3% 9345.51e 4.2849.2d 50.72+.48e 25+2.08f 2.0640.12ab
K1 J2 429.95+13.76e 10625.13de 4.0720.09d 92.84+.74cd 51+43.79d 1.8140.1c
J3 603.83+17.15f 15048.19b 4.0320.11d 101.3248.15bcd 5048.5d 2.0640.21ab
J1 656.96433.94¢ 12649.54c 5.2240.16a 74.7324.76de 3643.51e 2.0640.13ab
K2 J2 744.98+15.88b 14545.57b 5.1440.09a 94.1120.66¢d 42+.15e 2.2630.05a
J3 857.25+2.11a 17142.29 5.0340.28a 116.1243.56abc 6445.29¢ 1.8240.09¢
J1 657.79423.72¢ 115+.73cd 5.2840.09a 120.8144.33cd 64+42.08c 1.940.01bc
K3 J2 725.63+15.9b 16747.55a 4.3530.1b 136.8345.22ab 7445.13b 1.8640.06bc
J3 721.0019.57b 17945.57a 4.0320.08d 152.1542.36a 8244.51a 1.8740.08bc
K <0.01 <0.01 <0.01 <0.01 <0.01 0.149
P & J <0.01 <0.01 <0.01 <0.01 <0.01 0.151
KxJ <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

SRS AF NS FRARR S A R 22 F B2 (P<0.05) .

2.3 FEIKS SERAOIE SRR R AR
2.3.1 TR K AL 25 SR K A 69 % v

BRATR S N J57 72 BRABUBR A P () B B 5 [
IF BRI 0 o 1 2 B B AL & . AR K
Ab R R P ot A sz AN R (B 3 FIE 4D
B 3. B 4 mrsn, S By — S B =
[F) 2.75~5.9 fi%. FFAEAR SR S5 S HAOK 75 BhAb 3
Ko 328 HAE A X ORI AN A AR & 1) S
WR# (P<0.01).

100 K:P<0.01
a J:P<0.01 a
80 KxJ:P<0.01

D
o

B R/ (ng-gl)
N

N
o

K1 K2

K3 J1 J2 J3
Ab

B 3 &AM ERMARE
Fig.3 The amount of capsaicin in different treatments

o . KP<oO1 a
a

J:P<0.01
KxJ:P<0.01
b b

[uny
o

S R (ug g t)

ol
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b3

B4 &5 AHRMBRE

Fig.4 The amount of dihydrocapsaicin in different treatments

14

HiF 3 AIAN, K2, J2 AbBEBREUR SR R, &
WhBE 2 B2 B (P<0.05). HIE 4 W41, K1
Ab P BB R 2 R T K2, K3 AREE (P<0.05),
K3 Ab3H b KT K2 408, fH K2. K3 ab3 7
FARE (P<0.05). ZERUYANFREKALHE T1. 92,
J3 AP T A E A B EMEE R (P<0.05),
TR R IR I3 A EE>T1 A>T b
2.3.2 IR KT H Ak A HRAR I & 4G %0k

AR R, EOEMAEA R C BRI
R LI AR RR, 3 4. R 5 NS EE A VERE
B, BEAREMEER C 2. B3R 4 7T, EHH
TFAEAS RIIBEAT K o3 5 R AL B (K1 K2) HJfe i 3%
REAEMEEE. TR tERE. 4R C &

(P<0.05), AR TEALE (K2) W EmE
B, EMEAE. #ER C BEim. RS
K QJ3) WIEMEREEAMAA EA E RS, BE
K TR (J2) 4EER C . JHEARR.
2E AR o7 B DL f =3 A8 HAE F B B 5
Wi BT VPR R . RIIRTE R AR, 4R C R
(P<0.01),

% 4 TR IR T £ B EHDSA

Tab.4 Analysis of variance and main effects of pepper quality for

different treatments

Al

e ﬂ‘iﬁ‘fﬁfﬁl e g R ii/
(mg-g™) 1 (mg-g7)
(mg-g7)
. K1 26.0443.38b 31.0744.95b 1591.01+113.19b
ﬂi;jtﬁﬂ K2 30.4246.54a 35.2140.92a 1650.72+111.25a
i K3 22.5942.89c 22.6843.5¢ 1557.08+162.74c
J1 25.6240.89b 26.5646.55¢ 1545.16452.8¢c
£k S J2 23.2142.94c 30.6946.78b 1643.08+171.65a
J3 30.2247.7a 32.7244.32a 1610.56+137.41b
K P<0.01 P<0.01 P<0.01
J P<0.01 P<0.01 P<0.01
KxJ P<0.01 P<0.01 P<0.01
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] 5 R H LK T SO K & FE A A R

& 5 {4, K23 b EMiERm, N
38.99 mg/g, K212 A RIEMHEAMYEER C B
B, N 36.43. 1 795.97 mg/g. K312 AbER A
PEEM4EAE R C ERIL, 707008 2140, 1 419.46
mg/g. K3J1 bF RIS A E &AL, N 19.83 mg/g.
FEAEAL S E BK 75 dAb 3 (K1) R, K1J3 4b3
(RTINS E AR R B R E A, AN 30.27
mg/g fll 36.23 mg/g. K1J2 A4 R C B,
N1 713.82 pg/ge FRACALFIARR T 7 ALEE (K2)
N, K2I3 AbEA RS EEE S, A 38.99 mg/g.
K2J2 PRI A EE R 44 TR C Rl il
36.43 mg/g F1 1 795.97 ug/g. FFAEAL R HATE 43 E WL Ak
#O(K3) F, K3J1 B niEEEER e, N 2623
mg/g. K313 B nFE M EAmEMAEER C i,
43N 27.22 mg/g A1 177091 pg/g.

£ 5 R A HAR S R 69 R

Tab.5 Interaction effects analysis of pepper quality for

different treatments

b3 ﬂ‘i’&‘#k*)_?%/ ﬂiﬁ‘f%%%lbﬁ%/ Y& gﬁ/
(mg-g’) (mg-g’) (mg-g)
K1J1 25.000.5¢ 25.13+0.4¢ 1 601.59+8.69¢
K112 22.85+0.52d 31.65£0.51¢ 1713.8249.29b
K1J3 30.27+1.18b 36.23+1.13a 1457.62+40.1¢
K271 25.630.85¢ 34.72+0.38b 1 553.03x1.26d
K212 26.66+1.26¢ 36.430.66a 1795.9749.61a
K273 38.99+1.78a 34.71+0.75b 1 603.15+7.54¢
K371 26.23+1.05¢ 19.830.69f 1 480.86+1.46¢
K312 20.130.66¢ 20.99+0.7f 1419.46£10.12f
K373 21.40+0.81de 27.22+0.84d 1770.91£10.99a
34t i

3.1 EEIETERXIFRAMAE K IsFRaIS2

BAUE AR RAEY, FAREH . ERER D,
AT 3 BB - 338 /K 43 LU UG . PR A T oK
ST SRS, AR 5 AR 2 8 S TR oy
Both R AN, HTRAK AL, WAKIKE
BB mkR, WAKEREZNIEE~Y, £k
FAXFA I, 013t b4 1 A K U 2 38 ) 220
REFFERE, K5 S E B & KT
FEOrHE/K K3T3 AbHE . 3 5% el el <50 AT g 46 SRAH —
o AWFFRIN, FEFFFEAL FI 52 ) 7™ 5 K 53 i id
B, BARAKIH B2 2906, FEWEEENT R
K K313 bR, HEERMRSHEKE, MRk
EWE IR EE; ZHES R #EKE, 7PE
AMEMEA K, IXATRES 4K ST A AR A& N R,
PRAN T BLAEAS [A] (0 A2 KB AL 2 18] 23 FL A PR B 5% 43
T SRR v PTG AN 2 i SR B S I A A B B AR
BT R IE R E 2 MR C R 220 B, DA

IR A MIRCR . AN, AR TUE KL, A E
EEHR LK > T BN AR AE KR R 2R I
/N, RWEWIAETE BRI 5 ST O R n] LU H
BFTORIRFFER, AR RES B R A G
3.2 EEET IR IR ERIF

ARV A B 37K 0 Bl 36 BB RS AN A .
AE S A — AR SR HEAT B A W BE R T, X B
PRS2, A S5 R AT rh R R A
LRy SN ECEEe & S0 T M N7 e
TFAEAR SR S5 BRI /K 70 75 h 25 BE % 312 i B
e i R R, XA RE S RO A BT N KA 2= 0
ARG 45 RIA BB RERUR, K 2B, B
TR P BN G 7 B R AL F O K2J34b
X RIS — AL A RS R, BT AE
AR SRR E TR O BOX T S5 R & R R . JHTE
A8 SRR 25 SR A K ok, HR R 2 AR TR
W &, KLV PR & 7 BRI, X
AR PR A 7 (KK 435 BT BT BT T8 IRk
DR T IERCE B AR SR TR (] A
DR, SRR KB R, B0, X
T EGR KO K 73 5 SRR N E 2 YD SRR
M B AR SZ 0], I T a R
VEASE ML, PEAS T AR A E IR B

AT AR S R, HARR AR B R
I JEG 93 RN AR KR S AL, 3% mT g A2 IR 9 ik 6
RAFAME, AR, ABERD, W78
) R SE B, (A 45 R B R g n . K333
AREE AR A R B em, P EARECOK, AR
BARFEBEN, XM TELREH, HRRE
BAREAR, DGR (a] ke, TR A E R
VE KA AL & B AL, AT AE 4 R
Z, HTRYDEEERREES, P EE R,
TR RN KERLNAERKE; Ao ERED
TR BRI 5 5 AL 4 T R 3 BB IR 95 R s s B
FANs INERIIREAR A i, KIIBAEEHE K FE A2 5
{ELRR ot SR BN R ol R B 5 KBI24 B 22 S A A
B, VLIRSS R — B BOnT REAEAE I R Y
7] 2
3.3 ELFT BB M AR

AHEFEAR ], PR W I b SO, B
X T SRR R AT A . BT R
Ak 3 SRR SE SRR B AT — S Al B
B, — PR R A S i R Y A SR
BL, MU IR K R AN, RIS KA
WIS, X S BRI s MOT AR Y
A2 SRS FEE 7K 735 o AR 1 A= Jl A7 B 22 F) 2
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HHER o AT T 0 AR T4 2 RN 25 S 1
AKALFE — O e, X 52 e e
P 7K 55 BN B S AU = B i A e —
Ho 1K) BE S KA BRI P 5 — Fhia T K 4
Jii, WSS KR T R AT RE 2 T B A X B
Ko 53 AN BB 0 3 52 AR Al AR 2% 1
IRAFESE RN, BT — S R E .

Y RC. ATIETERER PR B (AR R TR
PPN (R R T, S5 E K B AR D 2 e 3 K
JE R NHAAE AR Fod, RSz R CE
R R T R R A e 38 B A A
W T AR TR (K2) h, X3 TF A6 AL B 142
FE 5 B HE MR A B TE BB T . TR AR AL S 7 4
KALHEE (K3) 2% dh i Fa br 2 3 PR (P<0.05) , iX
F W IR AL FEHA AT RE I S S O, T RER
M) AL 400 (1) SR 22 R AR R PR, W S5 A 420 9 AR
TR AEAFIRE . SRR HEK (33) BRI
AR A E AR RS, ERENKS K
PR, MR EA RO T S AR, KsRelE
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Effect of water deficit on growth and fruit quality of autumn-winter pepper
HAN Jinzhao'**, FENG Junjie'*", ZHAI Guoliang', XU Honggang®, WANG Ming"? SONG Lei"?, HAO Pingping'*
(1. Farmland Irrigation Research Institute of Chinese Academy of Agricultural Sciences, Xinxiang 453002, China;

2. Graduate School of Chinese Academy of Agricultural Sciences, Beijing 100082, China;

3. Zibo Institute of Digital Agriculture and Rural Research, Zibo 255000, China;

4. Zhejiang University, Hangzhou 310058, China)

Abstract: [Background and Objective] Pepper is a shallow-rooted cash crop characterized by high leaf area index
(LAI) and stomatal conductivity. It is sensitive to soil water change, and excessive or insufficient irrigation could
thus inhibit its development, resulting in a decrease in yield and fruit quality. Reducing irrigation amount at different
growth stages to maintain soil moisture at optimal levels has been posited as an improved cultivation method to
improve yield and quality of the pepper. This paper aims to investigate the effect of water deficit at different growth
stages on growth, yield and quality of chili pepper in the middle and low reaches of the Yellow River. [ Method]
The experiment was conducted in a solar greenhouse in Xinxiang, Henan province, with the pepper irrigated by drip
irrigation. Three water deficits were imposed at flowering-fruiting stage (K) and fruiting stage (J) at different levels:
severe water deficit by keeping the soil moisture content at 55%-65% of the field capacity (K1 and J1), moderate
water deficit by keeping soil moisture content at 65%-75% of the field capacity (K2 and J2), sufficient irrigation by
keeping soil moisture content at 75%-85% of the field capacity (K3 and J3). In each treatment, we measured plant
height, stem diameter, yield and fruit quality of the pepper. [Result] (D Water deficit in reproductive stage reduced
plant height and stem diameter of the pepper, while a moderate water deficit in flowering-fruiting stage and fruiting
stage did not significantly affect plant height and stem diameter. @ The combination of K2 and J3 increased the
yield of the pepper, promoted formation of marketable fruits. Compared with the combination of K3 and J3, the
combination K2+J3 increased the yield of marketable fruits by 18.9%. 3 The combination of K2 and J3 had the
highest soluble sugar content; the combination of K1 and J1 gave the highest dihydrocapsaicin content; the
combination of K2 and J2 had the highest capsaicin, soluble protein, and vitamin C content. [ Conclusion] A
moderate water deficit during the flowering - fruiting stage combined with a sufficient irrigation at fruiting stage can
improve yield and fruit quality for the greenhouse chili pepper.
Key words: chili pepper; deficit irrigation; growth characteristics; yield; quality
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