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Study on coupling effect of water and nitrogen of celery plant in moun-

tainous area of southern Ningxia

ZHANG Jianguo', ZHANG Xiaojuan’, GUAN Yaobing’, ZHANG Qiannan’

(1. Water Bureau of Yuanzhou District, Guyuan 756000, Ningxia, China; 2. Guyuan Branch, Ningxia Academy of Agriculture and Forestry
Sciences, Guyuan 756000, Ningxia, China)

Abstract: In order to solve the problems of shortage of water resources, extensive management of water and fertilizer and
low utilization efficiency of water and fertilizer in the production of celery. The design of two-factor quadratic universal
rotation combination was adopted. Through field experiment and laboratory analysis, the effects of irrigation amount and
nitrogen application amount on the growth, yield and quality of celery and the coupling effect of water and fertilizer were
studied. The objective was to provide scientific basis for the high yield, high quality, high efficiency and safe production of
celery in the mountainous area of southern Ningxia. The results showed that the coupling of water and nitrogen significantly
promoted the growth and development of celery, and increased plant height and stem diameter. With the extension of the
growth period of celery, plant height and stem diameter showed obvious increasing trend, and the difference among different
experimental combinations was significant. SPAD value showed a slow rising trend during the growth period, and the dif-
ference was not significant during the growth period, but the difference between the combinations was significant. The
coupling of water and nitrogen had significant positive effects on increasing the yield and improving the quality of celery.
The coupling of water and nitrogen had significant positive effect on increasing the yield and improving the quality of
celery. The highest yield of water-nitrogen combination 1 was 94.82 t-hm™, which was 9.26% higher than that of combina-
tion 5 with the lowest yield. Water and nitrogen combination 1 has the best quality. Excessive application of nitrogen fertilizer
and irrigation could inhibit the improvement of celery quality. Under the conditions of this experiment, the main effect analysis
shows that water is the main factor affecting celery yield and plays the main effect role in the formation of celery yield.
According to the coupling effect equation of water and fertilizer, the optimal combination of water and nitrogen fertilizer of
celery in facilities could be obtained as follows: irrigation amount of 1395 m’-hm+ nitrogen fertilizer amount of 337.5 kg-hm?,
this combination can be extended to celery water and fertilizer management system for facilities in this area.
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Table 1 Basic physical and chemical properties of tested soil

IR w(EE)  wCEHLED w R D wOE R
Soil Full salt  Organic Available Available
depth / p content/  matter content/ nitrogen content/ phosphorus

wCE D R w2 %ED w4 )
Available Soil bulk  Total Total
potassium density/  nitrogen phosphorus

cm (g-kg" (g-kgH (mg-kg" content/(mg-kg") content/(mg-kg") (g-em®) content/(g-kg') content/(g-kg")
0~20 831 0.58 10.71 14.68 15.42 158.40 1.26 0.26 1.25
20~40 829 049 10.02 13.12 15.38 162.33 1.31 0.27 1.24
12 ## B 50%, i A HLAL 15 t-hm? /EEE AR, i ZE AT — K

BERT S A SCEIH T 2 2 R A i
RASEmA, BT 2SR MRERA R4, 24
A AR S A T 2023 455 H 28 HiEE, 2023 4F
10 A 1 Hsk, 248 8 120 d 724, % FH 78 B
AT B F AR, 22 % 0.6 m, ¥k EE 20 cm, 17 #E
30 cm, 528 2 4T, /DX AR 10 m*, 3 (XEE . fEH
RERL 8 R 7K B, B A PR 2 (CONH) , N % &
(w, J5 [F] ) 46% ; 1% R 4 B 5 2% 1R 5 (Ca (HL.POL) » -
H.0) , P,Os 7 & 46% ; £ JIE 4 i IR £ (K.SO.) , K.O

$142-

PRI, TR A AR B A K 7 WK, AR 4 K, 3
by [F)— iR == H
1.3 &It

KA R UGB e H G, N XBEL
HE31,3 RER . SEZERKE R ITEBOHEK
A A &, W R R KT S mis R 2 fis. =
Y F e e H & Wit 7 B 3 o . PSR REK
& FFRN 1500 m*-hm?, FRRA 750 m’hm™; ZUE AL
N EFR2 450 kg-hm?, T PR 225 kg-hm?,
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Table 2 Horizontal coding table of test factors for
two-factor quadratic general rotary combination design

HEKE AL &
44 Code Irrigation application Nitrogen application
amount/(m’-hm™) amount/ (kg -hm™)
1.414 2 100 30.0
1 93 27.8
0 75 225
-1 57 17.2
-1.4142 50 15.0
4 75 225

x3 BKEMRAESXEZITEAS
Table 3 Experimental design combinations of irrigation
and nitrogen application amount

%i'5 No. X, (H,0) X.(F)

1 1 1

2 1 -1

3 -1 1

4 -1 -1

5 -1.4142 0

6 1.4142 0

7 0 -1.4142
8 0 1.4142
9 0 0

10 0 0

11 0 0

12 0 0

13 0 0

1.4 MEEFERGE
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SR, AL I 58 B bR AL 2R e e . FE 7T
SEREAN A E A AN 1R A B I S A AR R L 2R
A/ SPAD B &4 K485

142 XK RMNE KA SH-3 MR E T
M€ pH; K A DDS-11 B 5 R0 2 34 3 &
B, Ok EA R A EVE- AN #GE N e L s
ML & &, K AR H0% 0 e i g A & & s K
0.5 mol - L NaHCO, ¥7 #& , £ 86 1 L t ik I 5 33 2L
W& K 1 mol- L' NH.OAc B3, KB G %
DN 5 T A5 5 SR A R 709 N s 2 A RN H ()
FEK &R,

143 ARfmME  TARARAEEH Y, R

BT 10 R ACH Sy — ORI, B e SU A 22
FInt B SPAD fH . Hrb, SR A& R E M S, R H
H R bR R RO & 2200, R 374 502 B! SPAD it
&2k 27 8 (SPAD fHD .
144 FEFesHRme SR 2 5HE 88 N IX
PR LB R, IR S R LA I R s RS
SR HUHT I SR AR AR S 5 AR A SR R L
ORI e AT TR S, SR IR ER K 7 R L 3 0
EMRE &, KM 2,4- AR IR b Gk 2 4
R CEHEEN,
1.5 St

K FH Excel 2022 {4 F1 SPSS 27.0 B AFHEAT %L
PEALFE 545150 HT, R Origin 2024 b #A4HERE.

2 ERE550T

2.1 AEIKABEE IR RE KL E RN

AN TR KRB 2 6 Vit e sk A2 R B IR S e
x4, KA FIREEZRSFZNERKKE, BN
AR () PR v R 25 A, B TS A4 B I K, R
AVZEH 2 0 2 3 iy, BAS AR 4 & (A A7 A
3 72 5, SPAD A B WA B Ak R L8 ETHH
B HERfFEREER, KAAEG S TKE
BAEHE S, HAEBANEK K E N, KEHE
1 I RK B (KT I BR A1) L 24 AT SPAD {H 34 & i -
T KRTHRII I, bk s e 19.50~20.67 cm,
LM 7E 8.84~10.07 mm, SPAD {H 7E 34.80~45.70; 7
SE L FESERR T AE 30.80~44.10 cm, ZEFH7E 22.02~
37.71 mm, SPAD {H7E 36.90~42.53 ; 7£ Lo - AE K3,
R RS2 A Kb 3, ZK B A I ik v R0 2 RE 18
FER, MR E B B N, AR bk R TE 47.10~
61.88 cm, 2% il £ 49.32~66.39 mm, SPAD 1§ &
36.90~51.78.
2.2 FEIZKABLEE AR =R

AN TR 7K B ZH A o it ) =3 7= s () s e DL P 1
AR 7K B G 0 Bt SR B 7 AR AE W E R
13 NI A G 77 21 A 1>9>10>12>13>8>6>
11>2>3>4>7>5, P2 & i 1) 3 N A5 A A A
1HA 9 FIAH A 10, P EAK KA 94.82 t - hm”,
94.19 t- hm™ F1 94.02 t-hm?, 4 5l b 77 & A AR 1 41
&5 BFEMWPT 9.26%.8.54%H 8.34%. R A 1
X N2 f) E K B A 1395 m’ - hm?, &N i B
417.0 kg-hm?,
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Table 4 Effects of different water and fertilizer combinations on the growth and development of facility celery

HEERY P hediiey Wi il SPAD fH
Fertile period Test combination Plant height/cm Stem diameter/mm SPAD value
HIETH 1 20.63+1.00 a 10.07+0.53 a 45.70+0.69 a
Seedling period 2 20.10+0.30 ab 9.23+0.23 be 41.83+2.26 be
3 19.67+0.42 ab 9.75+0.35 ab 41.47+2.28 be
4 19.50+0.40 b 8.84+0.18 d 37.67+0.38 cd
5 19.600.62 ab 9.09+0.13 ab 34.80+0.76 d
6 20.20£0.10 ab 9.63£0.32 b 42.13+2.32 be
7 20.20+0.70 ab 9.20£0.17 be 39.87+0.35 ¢
8 20.20+0.26 ab 9.55+0.40 be 42.43+0.29 be
9 20.67+0.32 a 10.01£0.79 a 43.10+1.73 ab
10 20.50+1.47 ab 9.95+0.49 a 43.53+1.69 ab
11 19.77+0.86 ab 9.40+1.12 be 41.73+4.13 be
12 20.50+0.10 ab 9.86=0.17 ab 42.9342.56 b
13 20.47+0.25 ab 9.88+0.51 ab 42.87+1.38b
SE Y 1 44.10£0.39 a 37714123 a 42.53+4.83 a
Heart-setting period 2 38.67+1.99 be 25.82+0.46 d 39.50+0.26 be
3 38.30+0.72 ¢ 30.20+1.87 ¢ 37.47+1.74 be
4 35.67+6.17 cd 29.82+1.21 cd 37.17+0.49 ¢
5 30.80+2.61 d 22.0242.18 ¢ 36.90+0.52 ¢
6 38.77+3.66 be 31.80+0.94 be 40.60+2.69 ab
7 35.530.57 cd 25.89+0.21d 37.00+0.95 ¢
8 38.83+3.33 be 33.43+0.93 b 41.07+2.72 ab
9 42.67+1.07 ab 37.54+3.98 ab 42.17+4.43 a
10 42.50£0.39 ab 36.92+2.18 ab 41.43+1.61a
11 38.60=0.36 be 31.88+0.37 be 40.07+2.16 abe
12 42.17+2.31 ab 36.33=1.82 ab 41.40+0.60 a
13 41.53£0.90 b 35.77+1.13 abc 41.20+1.66 ab
INLIREER S ! 1 61.88+0.85 a 66.39+5.54 a 51.78+1.60 a
Heart leaf growth period 2 55.1742.75 be 59.27+0.30 be 45.03+3.75 ¢
3 51.83+3.65 ¢ 57.66£10.21 ¢ 43.30+2.16 cd
4 51.60+2.82 ¢ 55.18+7.47 cd 43.78+1.07 od
5 47.10£1.70 d 49.32+2.66 d 36.90+1.18 ¢
6 56.25+5.50 be 59.80+2.96 be 45.80+2.30 ¢
7 50.17+4.03 cd 54.78+4.09 cd 39.57+0.59 d
8 56.83=1.89 be 60.15+2.01 be 46.70+0.40 ¢
9 60.88=1.44 ab 62.85+4.43 ab 49.23+3.14 ab
10 60.13%5.59 ab 62.24+3.29 ab 49.03+1.97 ab
11 55.50+3.04 ¢ 59.57+4.07 be 45.43+0.68 ¢
12 58.63+3.77 ab 61.69+6.00 b 48.48+1.92 be
13 57.1542.73 b 61.87+4.23 b 48.17+1.96 be

W RSN FING FREROR A — A B R A R AR BEAE 0.05 K2R 2. R,

Note: Different lowercase letters in the same column indicate significant differences among different treatments of the same development period

at 0.05 level. The same below.
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Fig. 1 Effects of different combinations of water and fertilizer on the yield of facility celery
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Table 5 Variance analysis of the effect of water and fertilizer coupling test on celery yield

8 5 RUR EI7HI H By (LUEES F1E p i
Variation source Sum of squares DF Mean square Partial correlation F value p value
Xi 234278 1 234278 0.772 4 10.288 6 0.0149
X 12.073 0 1 12.073 0 0.656 5 53020 0.054 8
X’ 18.5577 1 18.5577 -0.7355 8.1499 0.024 5
x° 13.558 0 1 13.5580 -0.678 0 5.9542 0.044 8
XiXa 4.196 4 1 4.196 4 0.456 5 1.8429 0.216 8
[A])H Regression 68.159 1 5 13.6318 F2=5.986 60 0.033 1
4% Remaining 15.939 4 7 22771

KA Lack of fit 5.8657 3 1.9552 F1=0.776 36 0.543 3
%7 Error 10.073 7 4 25184

SR Sum total 84.095 8 12

Bl T, B A BRI S DK, 5
H:-1.4.-1.0.0.1.0 Al 1.4, FiHEHLH R 4 &k
1T R, 15 B il Sk B v = B, kORI R
KP4 5 1R 05 FEAIREG 261, Bt /=
R B IA 92,62 t-hm?, HAHN KK IEH A
HEZK B 1395 m® - hm*+ %8 it & 337.5 kg-hm™,
M T8 A0 BB R 7 B2 A U AT BUE 7R AR5 4% 1
T VK R R S I A E R A
T, X0 Be A2 KR SR B KBS, A48 B TR, X
IK AT LR A e o

R A AR B BUE A A0 AT W3R 6, 7E T A ik
A, R EE T 90.68 t-hm? A& 3EH 7
Ao MK B AR IK S B K, SR B IS E
90.68 t-hm? [{J &= HHILTE 0~1.414 2, B3 /7 %
AN WK & R HIFE 1125~1500 m’ - hm; 1]
REIKSE AR E 7, 72 FE ik 3] 90.68 t-hm™ 24 HH B
FE=1~1, BRI it 28 # AN AE 6 it B 203 3 Bl 7
258~417 kg-hm?. LA I, K AT B AL )& ELH &
F SP3BT
HE— 25 X v = A A T KR SRR 1 U Vi R
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TR, R ILR 7, R A RIRA A+, 7387 ®
=T 90.68 t-hm” [ /K & /KN 0.214~1.047, it
NE& 7KF AH-0.560~0.560 I, il it — 3 W A e &

#6 FTEAT90.68thm’H 7 MRWEBETE
EESRER S
Table 6 Value frequency distribution of 7 combined
variables with yields greater than 90.68 t- hm”

K N LIES - LIES
Level Frequency Frequency
-1.4142 0 0 0 0
-1 0 0 2 0.2857
0 3 0.428 6 3 0.428 6
1 3 0.428 6 2 0.2857
14142 1 0.1429 0 0

Wt T3 95% I m] gt = = #m T 90.68 t-hm ™,
25 BEFHERESH

W [l AR R 1 AN B B E 07 KA I
IR AN GREAS [7] F 5 0 18 it = 72 0 5 T 1) 0 ] 3R
RN AN 2 Fis e fEARRIGTEE N, A FEKE S
TR R R R R . HEKEKFH-1.414

®7 FEKXT 90.68 t-hm’ ) 7 N5 R & EFHRE
Table 7 Frequency of each factor in 7 schemes with yields
greater than 90.68 t-hm?
bRz 95%IH 73 A [X (8]
Standard error  95% distribution interval
0.214~1.047
-0.560~0.560

ES ISR IES € 2E

Divisor Weighted mean
X 0.631 0.213
x> 0 0.286

HnE] 0.5 AKFIE, s wE A8 T g 0.5 7K
FREFE R T . AREEKESEREEZ
[F) 0 2 LI 26 5% R, il AR /K SF B -1.414 350 2
0 7K, s = B aZ A T sl 0 7K1 3
BN, DL BRSO E AL E 2
F3 e AR E «
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FRUEAY , BORT DA B 32 I\ — R T 48 0 1R K /N SR 1)
W7 25 R R E b bR B A BB . PR AR A
BT fz e o 6 DR 3R 350 5 7= AR AEAH G, X P iR
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Fig. 2 Single factor yield analysis of plant celery coupled with water and nitrogen fertilizer
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Table 8 Effects of different water and fertilizer
combinations on the quality of facility celery

e E wHEER O wCalEHERD  wUidER D
Test Vitamin C Soluble sugar Nitrate content/
combination content/(mg-kg') content/% (mg-kg™"
1 111.12+£2.21 ab 1.08+0.00 a 778.58+28.63 a
2 120.35£2.21 a 0.89+0.00 ¢ 690.84+6.74 be
3 93.71£1.32 de 0.85+0.01 cd 639.50+£6.53 ¢
4 97.14+0.88 be 0.86+0 01 cd 657.51+4.64 ¢
5 90.28+2.64 ¢ 0.74+0.01 de 619.20+£5.26 f
6 104.93£1.32b 0.82+0.00 ¢ 691.23+2.89 be
7 96.51+0.88 cd 0.76+0.02 d 615.53£7.30 f
8 90.15+1.87 ¢ 0.92+0.01 be 670.54+20.89 d
9 88.41£1.25f 0.89+0.06 ¢ 765.17+6.08 ab
10 79.76+0.00 g 0.94+0.03 b 760.19+10.68 ab
11 98.38+0.62 b 0.86+0.02 cd 640.65+4.03 ¢
12 102.43£1.56 be 0.85+0.02 cd 701.19£7.39b
13 102.23+0.31 be 0.89+0.04 ¢ 695.44+5.31 be

FEARLEETE TN, A AR AR PR v L 2R BE L
Fr 805 T AT B ATRE K B2 ] S IR A 5%, e e &
(R 52 90 K K B, b P i S 200 82 K VR K R
X5 ARG BT TE 45 RIF AR 78 4 — B0 A B AKIE
BHA TR T R AR K H A E
W, B3 B E R R T B 2 OE ARG (H 2 i
2 o D (K FUIE RS 2 36 e B R R B 7P
AR o

BT AN R K B 2% A PR D 7 PR3 S At 26 it Ao
REPEFIAE KRBT AN E o X S S5 I 5T R I,
7Rt P X 8 7K AR P 2003 1) 22 ELAR Y A A LA
TR BN VE 7K i 2 B AV /KR TR 28R, Tt IE g
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