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Integrative Effects of Irrigation and Aeration on Root Morphology,
Yield and Quality of Pepper

LEI Hongjun JIN Cuicui PAN Hongwei XIAO Zheyuan SUN Keping
(School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou 450046, China)

Abstract: In order to unravel the relationship between the root morphology, yield and quality of pepper
under different aeration amounts and irrigation amounts, with groundwater of 5 mg/L dissolved oxygen
concentration in water ( C) as controls, and two aeration rates of dissolved oxygen concentration at
15 mg/L (A) and dissolved oxygen concentration at 40 mg/L. (0O), and two irrigation amounts of
0. 8 times of crop-pan coefficient ( W1) and 1.0 times crop-pan coefficient ( W2 ) were set up by
randomized block experiments. And correlation analysis and principal component analysis were coupled
and used to analyze the optimal irrigation mode. Results showed that aerated irrigation significantly
promoted pepper root morphology, yield, quality, plant height and nitrogen use efficiency. The yield of
treatment AW1 was the highest at 6. 78 t/hm’ | the yield of treatment AW1 was increased by 39. 04% and
42.89% compared with that of OW1 and CW1 treatments, and the yield of treatment AW1 was increased
by 30.80% compared with that of AW2 treatment (P <0.05). Compared with CW1, the soluble sugar
content ( BRIX ), soluble protein content and sugar-acid ratio ( SAT) of AWI1 were increased by
29.49% , 75.24% and 68.10% (P <0.05), respectively, and the root dry weight, total root length,
root volume and root surface area of AW1 were increased by 13.63% , 11.09% , 59.47% and 61.67%
(P <0.05), respectively. At the same time, compared with the CW2 treatment, the height, nitrogen
uptake, yield and irrigation water use efficiency of AW2 pepper plants were increased by 17. 88% ,
66.56% , 26.28% and 26.12% (P <0.05), respectively. Root morphology index, including root dry
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weight, total root length, root volume and root surface area, was significantly positively correlated with

nitrogen uptake, plant height, yield, BRIX content, and soluble proteins content, and the comprehensive

score of AW1 treatment were ranked first. In summary, from the aspects of quality improvement, yield

increase and water saving, the treatment at the aeration rate of 15 mg/L and the irrigation rate of 0. 8

times the crop-pan coefficient was the best irrigation mode.

Key words: pepper; aerated irrigation; root morphology; yield; quality; principal component analysis
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Fig. 1  Variation curves of relative humidity and average

temperature in greenhouse pepper growth period
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N Tab.2 Irrigation volume during crop growing season
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2019 4E 10 A 4 H 24 10. 24 12. 80
CWI1 5 300 0.8F
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Tab.3 Pepper growth period
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Tab.4 Root indexes of different aerated irrigation treatments

b3 T B/ g MR /em HRAREL em? MR B em? 3 L
CW1 (10.42 +0.41)" (2061.07 +66.16)" (28.16 +£5.63)° (639.21 £58.63) (0.22£0.110)°
Cw2 (9.58 +0.31)° (1814.11 £28.72)° (24.55+1.09)° (584.52 £15.92) (0.42 £0.018)"
AW1 (11.84 £0.39)" (2289.74 £72.50) " (44.90 £2.12)"° (1033.39 £39.59)° (0.19 +0.006)
AW2 (10.55 +0.58)" (2051.74 £61.27)" (37.04 £4.19)" (885.95 £10.11)" (0.15+0.011)°
oW1 (10.95 +0.20)" (2171.66 +176.42)* (45.80 +5.26)" (674.56 £57.43) (0.23 £0.003)
ow2 (9.75 £0.21) (2071.52 £70.90)" (29.08 +4.27)° (681.32 +88.54)° (0.26 £0.006)"

I 16.30 " 5.71°¢ 20.78 ** 74,45 321.09 *

FoW 39.73 " 20.39 ** 23,65 6.94" 169. 04 **

IxW 0. 60 6.30" 4.00" 3.29 200.97 **
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Fig.4 Dynamic change curves of pepper plant height

in each treatment with aerated irrigation
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Tab.5 Different aerated irrigation treatments for pepper yield, water use efficiency and pepper quality

AT B

b3 Fod/ (tohm ~2) IWUE/ (kg-m ™) BRIX %4/ % ACID % /% (eokg-") SAT/%
CW1 (4.75 £0.06)° (45.01 20.62)" (2.60 £0.100) ¢ (0.67 £0.021)" (9.26 £0.41)° (3.90 £0.05)
cw2 (4.11 £0.21)¢ (31.16 £1.58)¢ (2.23 £0.058) ¢ (0.81 £0.066)* (8.75+0.20)°¢ (2.77 £0.24)¢
AW1 (6.78 £0.07)* (64.31 20.68)" (3.37 £0.058) " (0.52+£0.045)° (16.40 =1.41)" (6.56 +0.67)"
AW2 (5.19 £0.13)"° (39.30 £1.01)° (3.13£0.153)" (0.62 +0.021)" (12.97 £0.14)" (5.03 +£0.12)"
oW1 (4.88 £0.02)° (46.25 +0.23)" (2.80 £0.200)" (0.80 £0.031)° (15.17 1. 13)* (3.52+£0.33)1
ow2 (4.13 £0.13)¢ (31.32 £0.95)¢ (2.37 £0.058) ¢ (0.45 £0.110) ¢ (11.94 £0.50)" (5.50 +1.48)®

I 316.43 402. 13 84. 00 ** 13.17 * 85. 06 ** 19.20 **

F w 304.27 1623.07* 38. 44 " 1.39 42.16™ 0.49
IxW 28.52* 63.78 ** 1.12 33. 14 5.96 " 11.74 "
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OW1 Fl CW1 43 51 34 K 86.21% F1 68. 10% , 4b ¥
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Fig.5 Nitrogen uptake of each treatment for aerated irrigation
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R A HE v K 43 R SR 43 00 WM, 2 T 7 A B4R e
BRIX & it 5 0] 5 P 25 & 2 B2 LG (SAT) AR &
FRAEFE bR (BR AR F &b ) 52 BRAK 12 35 TE A OC (P <
0.01), ACID & &5 SAT Gl K MR LML R
EMAG, AR A SRS SAT MR T & AR AR
FRRAR 2 T AR A8 A 8 35 T A O, 5 AR L 2 B A
BFEMAIL(P <0.01), SAT 5 SR AR % 1w 1
S EIEA DG, T RS SR R R R
T AR AR I 2 IE A DG, 5 AR L A IWUE 24 3%
TR DG, 10 B Bl A S A S I, AR R A K S #
— & WA T, AN T AR i B g2 T, B K
AR AR SR A 2 F B G, Rth S
P BRIX o AT MR & a AR T B SR
K AR L A R B AU E (P <0.01),
5 SAT B B E A (P <0.05),

®6 2. IWUE, @R KRARHEEBEXSH

Tab.6 Correlation analysis among pepper yield, IWUE, quality and root characteristics

BRIX ACID AR

g g i iR RTEE BREK AR WRERH RER IWUE
s 0. 890 ** -0.304  0.729"  0.611°  0.899*  0.714*  0.668**  0.900*  —-0.603" —0.604"
BRIX % 1 -0.279  0.779*  0.621**  0.810**  0.604**  0.740**  0.890**  -0.783* —0.488"*
ACID %t 1 -0.321 -0.897* -0.178 -0.500* -0.055 -0.481°* 0. 421 -0.341
AL 1 0.613*  0.778** 0.516" 0.852**  0.704* -0.610"  -0.188
BEIR L 1 0. 464 0.594 " 0.390 0.738™  -0.577" 0. 068
T = 1 0.660"  0.654"  0.714*  -0.598* -0.612"
BRE 1 0.500 " 0.655™  -0.723"  -0.414
AR 1 0.622*  -0.605"  -0.348
LEIEA 1 -0.682"  -0.285
M5 b 1 0.245
IWUE 1

2.6 ETFE.IWUE.REMIREAFESHMIE
ML ERE TN

1T BOEU™ 2 IWUE RS2 8 B4 AR DA R &

35 Z I AE A 2 25 A S P, EL B 9 A i) — ST 46 A

I RE A h VR LR AR, B4 EAT S5 AN &
AR R O O U A A s A 45 R AR A
BRI I T ¥ 8 Z A LR S A8 b b A7 258 70 B
IR
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Zead F oy b, SR BCH AR AR OR T 1 B 3 A
TSy, Bt 2 ST AR N 93.40% , PR 1 fiif RN T
ZETTRRRINE 7 Fron o Hofr, E R 1 J5 22 sk R
H 65.74% , T 8 57 i BRIX & & (SAT R 1 i
AR AR BRI 2 i FRE IEAE OG i HLE R
] B IEAE (P <0.01) , M 5C R EOR T 0.7, H 5Tk
Rl RBPMEUC AR R A BRIX & & 7 i SR
K SAT MR Brh AR, R 2 1 2581050
z B 7 BRIX & i SAT MR F i MK R
PRER SR SR T AR T 8 I o Ry 2 J5 28 BTl R
H1T.51% , EEZ FRAR M ACID 5 & (19 1E %
W, SAT Al IWUE (9 G52, R e 3208000 2 258 5 4% 40
2, B E MR AR A ACID 5 B33 i i 3% 4in, Bifi % SAT
A IWUE 3 fn i o8 b 3 s> 3 75 22 vT ik R R
10. 15% , E£ 2 3% IWUE B IER2 0, N 0t 08 3 43
BRI 2, B TWUE 34 i .

7 ERSEFHEMHERRE
Tab.7 Principal component factor load and variance

contribution rate

2 IR F 1o 2

F iy 1 F iy 2 F 3 3
s 0. 900 0.281 0.087
BRIX % 0. 923 0.213 0. 304
ACID % 4t -0. 608 0.702 0.351
AR A AR -0. 890 0.417 0.153
R L 0.872 -0.427 -0.139
M T 0. 868 0. 490 0.001
SR 0.873 0.084 - 0. 445
R 0.741 0. 509 0.177
LEEJHEA 0.933 -0.072 0.271
M5 b -0.839 0.027 -0.052
IWUE 0. 098 -0. 665 0.738
FEAEAE 7.232 1.926 1.116
WL TR % 65.74 17.51 10. 15
LS il ) 65.74 83.25 93. 40

S5 3 A ERS T ZE TR, A AR B T
it IWUE | BT MR 3R 98 4 19 45 b 3 25 5 17 Ze
2=0.657 4z, +0.175 1z, +0. 101 5z, (4)

K oz B HLE ST o
B SR A B HE AT AR AE AR, DA BR B A0 52
Mo SRFEACA SN (4), BV AT 75 21 4% 4b B0 1) 25 5 15
FHES (R 7.8) o HEAHT =134 i <CHE BE Ak 3,
HALFE AW LG HEA 25 1 A, 851551 R 3. 18,
2, Mz, B e, BRI 6 L BT ( BRIX 75 & Fil SAT) FIAR
FA KA bR OR T & B R K AR A RUR AR 36 1
POHAREME (R 4.5). HEAE 2 2k
AW2 L5545 0 0 105, A B W 2, Moz 8w, H
ACID HA fm i (2 5) o BE/K &5 i <& i

B, Yy 2 BEAR AL B 2R 5 HEA o
x8 ETHM~E2.IWUERRRIREEEN
BREZEES
Tab.8 Comprehensive score of each treatment based

on yield, IWUE, quality and root morphology

4k 34 % 5 ) LA/ Gaks
CWl -0.67 0.29 -1.31  -0.52 4
CwW2 -4.02  -1.65 0. 74 -2.95 6
AW1 4.15 2.12 -0.25 3.18 1
AW2 1.39 -0.30 1.86 1.05 2
oW1 -0.32 0.35 0.05 -0.14 3
0w2 -0.52 -0.81 -1.08  -0.62 5
3 g

R VR W 5 A0 30 855 5 5% W o A% i
I, R K Ay 3R 4y R RE SR R R BT DL
M A 2R A2 4 5 40 A, AT 2 ) b 1 3R R B i AR K
A= PO N 23 ATE(L7/ sk SRt (PN
WF 5 b AT BE AR R O S e IR A BT B
T (B AR IR b A1) JHG v i A X R RAR % TT RL5 g
e W (SR 4) BN IR b 3 E B 61. 67 %
(P <0.01) 3 j2& PR Syl 2o 8 W W /K b 38 420
P 25 MR DX M A R AR KR e Y AR
T ARG R, AR R AR b T R R S AR L
FEO B9 FEAS B T 0 P MO A HE AR Xk
Sy FFR 0 S AR AR 1) b R Rk e R M
Pk, b b AR BE GF T G 0, o i B e 2R S
A K 43 R R0 H TR BORUS BE . mi N BF 5 R
KB AT DA B AR X A B R AR
R RARWE N R B AR A8, Hop SR K
AR 2 1 AR5 XF BROME B g ol vE m 34.76% ~
82.12% .33.78% ~ 63. 14% , ¥ X % F1 3 il F2 1
B, AR T A g i R B TR AR BE T
ik Pearson AHICHE AT A BL (3 6) M &R B FE AN
Y R 2 TH AR R B T o i A R B E AR, 5 AR
REAEBARFIEMELR, WU R XIS A
HE R A A W B AL T B A R AR R RS N
T3 T MR 2R 11 32 i AR RN A B, AR R A OBk B 1 i
2 F) 258 ) RE A A AR 1) T4 T AR R 48 S MR ™ it
FER R, X — 2598 S5 AP 4518 — 30 .

VEY B4 77 2 R o JO 2 A VR A0 4 1 T 2R A
SRS it S e 2 LT AN (E T K A3 S g i T
T B BB, PRGSO B
A BTN 43 T EG 3] A AV o v AR 85, 0 P S I 4k
7 IR 3Z R4 T, AT ok 3 SRR T . AR RO
FEH AR A= E R 3 ™ R IWUE, [ i
LR TR T, X5 L 25 [ A 5 & BN A
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WEAEAS I 2 o RS I B/ R S8 iR C &
iEOBEIR Lb o 00 R N 2% (41% F 43% FH—EL
X2 PR Ay 2 1 rfK Ak B B R I VR R
53 KK W WIS A 25 38 B S5 AR, I A= T8 1 4= 398 v g
P AR RIRA Y A ROk R
A RIE ST P i RS i S T Rk
Wy i = i FAR 2RI ) i b ORI O RN
ARG AG8 T WER Y L HER R MK fE A
FOTW, AR R R AEVE 28 B W A Be L, B fn
ATE AR S AR HE AR R AR G, B 5 R 43 WO, 3 17 5 )
FER M IR A Y R A 1 G T B
PER RS 2

A0 38 3 R FH 32 A 3 A R 6 A A B EA T 25
HHES I ATEBE A 3 AL B HE S SRR AT
SR SR T X B i R e B EK R R R R
AR LS TGRS T R EWER., 2880581
PLFIER 2 5753 B M AL B AW FAW2, 8247 77 i
BRIX & f SAT AR i it SR AR ARF AR &
P IEZ e, H 7 A P BB 0 2 0E A0 O, v] DL
H WL K K P i A A B AT A R0 s S R TR K
FFHRCR e SE AR ZR AR K, AR 2 T B i, AR 1 W i
RE 710580, b B X K 3 A 3R 3 A R o
B S A5 3 e 3 . ok v 1 UK T RE S BV W B
B, B R XK 4y i 22 1 AR S M 3E I 0 1
R DR A 38 T (7K 43 B 3% 43 A% Hin , 5 0080 BOR S

i SO B AEAS DR ST 25 2R R B, e KR I AnT BLad
T3 R A R A K R R AR R B
PR MUK R M R (R B IR i R AR
7 B TR K M TR AR R 98 A B SR 5 it Tt
SRR I AA L Ik 2D, S IR A BE i O 15 mg/L i
B2 fFER 1RSI I8 , 15 B HUBUR X A KO8 B9 4R
A A B R o e B Rl R A S
P S b S AR W R R AR R T A U HE R
KRR 22 A 0 R R R
AR,

4 it

(1) = E mT L 5 48 e BROBUAR T o it AR
PRBUAR R AL BRIX & it | ¥ Pk 2 1 £ SAT,
FEEAN IWUE, HAE U5 15 mg/L 0. 8 {52
e L Z BRA 25 PE TR SR DG, kg A L S50 e = 6
13.63% . 59.47% . 61.67% . 29.49% . 75.24% |
68.10% 42.89% 1 42.89% (P <0.05) ,

(2) I T LA DRk 22 £y E K BT O R X AR R
Wit 42 AR R A T AR 5 23 A FinE g e AT
GaFIEM AL 7 i IWUE JR S0 T, iR &
AR 7 A B Jor AT S 3 I IE R S R AR
FAIE AT TE W T 08 AR ek 0k AT 3 e
fEH o I 15 mg/L KDy 0. 8 514 —2%
L2 A AT AR 5 H 7 YK R o
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