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Effects of water and fertilizer coupling on nutrient absorption
and soil physicochemical properties of mini Chinese cabbage

MA Yanxia', CHEN Jingru®>, WANG Xiaowei', ZHANG Yuxin', KUAI Jialin', ZHANG Li', REN Yali’
(1. Vegetable Research Institute, Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China;
2. Pratacultural College, Gansu Agricultural University, Lanzhow, Gansu 730070, China;
3. Tongwei Agricultural Technology Extension Centre, Dingxi, Gansu 743300, China)

Abstract; The purpose of this study was to explore the scientific irrigation and fertilization system of water sav-
ing, fertilizer saving, high yield and high efficiency of autumn crop mini Chinese cabbage in cold irrigation area of
Hexi. The mini Chinese cabbage planted in autumn was the research object in the study. * Gold Queen’ was used as
a test material. The effects of three irrigation water volumes ( H1, H2, H3) combined with three fertilizer amounts
(F1, F2, F3) on nutrient absorption and soil physicochemical properties of mini Chinese cabbage under drip irri-
gation were studied. The results showed that the amount of water and fertilizer was closely related to the soil physical
and chemical properties and nutrient absorption. The medium water and fertilizer treatment improved the physical
and chemical properties of the soil of mini Chinese cabbage field to a certain extent, maintained the soil acid-base
balance, and increased the nutrient content of mini Chinese cabbage leaf ball as well as the accumulation of nutri-
ent in the leaf ball. Under the coupling mode of water and fertilizer, the absorption of nitrogen, phosphorus and po-
tassium in the leaf ball of H2F2 treatment was higher than that of H3F3 treatment by 4.72% , 3.26% and 3.22%,
respectively. The comprehensive score of water and fertilizer coupling effect obtained by using the membership func-

tion of principal component combined with weight was the highest in H2F2 treatment, and 7.13% higher than that
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of high water and high fertilizer treatment, which was the optimal water and fertilizer combination in this experi-

ment. Taking into account the soil”’ s physical and chemical properties and nutrient absorption, an irrigation level of

70% field capacity combined with a fertilizer application of N 330—-P,0, 195-K,0 450 kg + hm™* represents the op-

timal water and fertilizer management strategy for autumn mini Chinese cabbage in the cold irrigation areas of the

Hexi Corridor.

Keywords: Brassica pekinensis; water and fertilizer coupling; nutrient absorption; soil physicochemical properties
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Fig.1

Diurnal variation of rainfall and average temperature

during the growth period of mini Chinese cabbage
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Fig.2 Cumulative irrigation amount of different treatments

during the growth period of mini Chinese cabbage
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Fig.3 Effects of different water and fertilizer treatments on soil pH and EC
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Table 1  Effects of different water and fertilizer combinations on soil nutrient content
e 2
Qb B ﬁ*ﬂﬁﬁ: 2R Alkaliﬁﬁﬁyﬁmlysis 2% ﬁj&ﬁ 2 ﬁﬂ(ﬁﬁ
Treatment Organic mflltter Total ltll nitrogen Total Iil Avallahleill) Total Ifl Avallableill(
/(g kg™) /(g kg™) /(g - k") /(g-kg™) /(mg - kg™) /(g kg™) /(mg - kg™)
H1F1 13.26+0.083¢ 0.650+0.010¢ 110.8+1.107e 3.113+0.018d 55.0+£0.847e 92.9+0.790bc 180.8+0.823cd
H1F2 13.48+0.045ab 0.723+0.015ab 121.1+£1.625ab 3.184+0.014ab 62.8+1.025ab 94.6+0.564ab 184.2+1.046ab
H1F3 13.55+£0.079a 0.727+0.015a 123.2+1.339a 3.198+0.005a 63.2+0.777a 95.8+1.079a 185.8+ 1.187a
H2F1 12.83+0.022d 0.567+0.021d 95.9+1.625 f 3.054+0.022¢ 50.7+1.333f 86.2+1.191d 174.0£0.995¢
H2F2 13.44+0.057b 0.707+0.035ab 118.3+1.710bc 3.149+0.016¢ 61.4+0.818b 94.2+1.412ab 182.7+1.784bc
H2F3 13.51+0.063ab 0.710+0.010ab 119.7+1.408b 3.167+0.007abc 62.2+0.938ab 94.4+1.319ab 184.4+1.497ab
H3F1 12.69+0.041e 0.533+0.025d 93.5+£2.215f 3.039+0.020e 46.9+0.785¢g 81.1+0.565¢ 171.5+£1.426¢
H3F2 13.22+£0.031¢ 0.650+0.036¢ 114.2+2.514d 3.137+0.018cd 59.8+0.474c¢ 91.4+1.756¢ 179.8+1.813d
H3F3 13.30+0.036¢ 0.683+0.021bc 116.3+1.710cd 3.161+0.020bc 58.0+0.630d 92.8+1.080bc 181.3+2.030cd

T R SAN R NG FREFRIR AR AL BEE7E P<0.05 K225 .2, T 1A,

Note: Different lowercase letters in the same column indicate significant differences among treatments at P<0.05. The same below.
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Table 2 Effects of different water and fertilizer combinations on nutrient absorption of mini Chinese cabbage

e g ﬁ%qﬂli U @é”ﬁqﬁli A W”&Wi
Treatment Total N N absorption Total P P absorption Total K K absorption
/(g kg™") /(kg - hm™?) /(g kg™h) /(kg - hm™?) /(g kg™h) /(kg - hm™?)
HIF1 7.010+0.030h 50.64+1.057f 6.470+0.014¢ 46.74+1.098e 26.44+0.028d 191.0+4.578f
HIF2 7.313+0.025¢ 54.09+0.639% 6.489+0.016e 48.00+£0.721e 26.83+0.022¢ 198.5+3.152e
HIF3 7.273+0.021¢g 52.79+0.220e 6.474+0.014¢ 46.99+0.155¢ 26.21+0.026¢ 190.2+0.407¢
H2F1 7.737+0.032e 59.98+2.128d 6.559+0.014d 50.85+1.743d 26.67+0.017¢ 206.8+7.008d
H2F2 8.347+0.049a 82.02+1.042a 6.691+0.013a 65.75+1.073a 28.11+0.074a 276.2+5.553a
H2F3 8.090+0.040¢ 74.55+2.262¢ 6.664+0.016b 61.41+2.109¢ 27.78+0.182b 256.0+7.525¢
H3F1 7.450+0.035f 59.23+1.486d 6.486+0.009¢ 51.57+1.034d 26.71+0.053¢ 212.3+4.742d
H3F2 7.943+0.032d 75.57+0.435¢ 6.634+0.014c 63.12+0.670b 27.94+0.168ab 265.8+1.397b
H3F3 8.180+0.036b 78.32+1.934b 6.651+0.007he 63.67+1.427h 27.95+0.059ab 267.6+5.446b
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tion, water-fertilizer interaction, soil pH, soil EC, organic matter, soil
total nitrogen, soil available nitrogen, soil total phosphorus, soil avail-

able phosphorus, soil total potassium, soil available potassium, plant

FIFH SPSS B A58 1 1k 5 45 48 s 3 L0 Y
AIE Ii) £, I % £ BALIGUHE B 00 $5(E 3E 17 A E A, B o
B R A (1), T 7K I Ak B 255 45
FRAFAME F1ALF2 55 1 B4 A5 2 32 500 % by
15 E P HE A 58 1 AL 4 2 H2F3 F
H2F2 b3 4% 32 58050 0 25 A 41 LR 32 o349
0 M S (2) THEOA [ 7K AR 4b B9 25 A 15 5018
(F) ., FIFAR ) A A Habr R m eR g, I
Pi F AT BT s | 43 0 WA 3 R4y B R 8
PREGF- 2 S pRB(E e (X)) Al e (X,) o R K
(4) THE WA £ B AL, 47 51 78.43% .
21.57%, & F 0V 3558 eh E i A E, F H]
AR IR LRSI E (D) o RIS
HALHA FAEF D EIEAT K EHEA ROV S AHET
FAER D AE#R, RPK LS BRI, kR4
AJRN, AH R E /K AR BT B it A A i 35 AR K
S BRERG AT 5T B W T i, 0 oK R S K A B IA 2 0
T J5 B B [/ — B /K, FE A D {ERE
FHEK R N 2 e T R B 3 A B A
K, 8B 5o HeEAE 7 =47 /943 3] & H2F2 H2F3
A H3F3 Zb3, HEFE G =07 9430 & H3F1 H2F1 Al
HIF1 Ab3

F3 EAORFLEE.RKEMEZRETEHE
Table 3  Eigenvalue, contribution rate and cumulative

contribution rate of principal components

Esr %1 EWSr %52 ESr
total nitrogen, nitrogen absorption, plant total phosphorus, phosphorus Principal Principal Principal
absorption, plant total potassium, and potassium absorption, respec- component component 1 component 2
tively. * and * #* represents significant differences at P<0.05 and P FHAEE
<0.01 level, respectively. Eigenvalue 8.039 6.192

B4 kAR RS IR R ER ik 3508 i1as0

5 R R AR BRI E Contribution rate/%
. . e A&
Fig.4 Correlation marker heat map of water and fertilizer amount Cumulative 53.593 94.873
with soil physicochemical properties and nutrient absorption contribution rate/%
x4 FREVEBHGESEREIERESTNE
Table 4 Values of comprehensive index and comprehensive evaluation of different treatments
T —
A3 Pﬁncipiiij}jjnit score F ﬁMZ{ Suhordiil)e% iﬁﬁl values D ﬁF%
Treatment Ranking Ranking
F1 F2 w(X,) p(Xs)

H1F1 -0.477 -1.273 -0.783 7 0.538 0.059 1.115 7

H1F2 1.070 -1.250 0.057 5 0.719 0.181 1.545 5

H1F3 1.327 -1.620 0.043 6 0.743 0.086 1.542 6

H2F1 -2.130 -0.027 -1.153 8 0.319 0.332 0.825 8

H2F2 1.287 1.233 1.200 1 0.731 0.961 2.001 1

H2F3 1.407 0.610 1.007 2 0.754 0.779 1.947 2

H3F1 -3.217 0.133 -1.667 9 0.263 0.263 0.675 9

H3F2 0.090 1.113 0.507 4 0.682 0.790 1.808 4

H3F3 0.643 1.077 0.790 3 0.695 0.851 1.868 3
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3 W ®

3.1 KIBFBRA X EEESE A R RN
+ 3 pH Al EC 4 B3¢ m 3R bbE i, B S
KBS REYP AWFFEEW, 4 pH 1 EC
e[l — VK 2515 T Bt AE 2 A 36 i 2 52 1 Tk
IXA] BEAE FH T AE K o AN AR B B0 384 it JES
AR AR L B - (40 OH™ (K*\SOT %) 7+
HerpE 4, B pH 1 EC {H T W] — it A 7K
SER, A3 pH A EC HRfE K I 3N T B
TN N W o N AT SR T RV N bS] 2 )
HP S VR R N T M R R I A H R AR
POEL, A4 pH A1 EC {5 F R, ShFE 0+
98 pH i it AT S 170 184 Jon v A AL | i o K o 1 3
TR AN, 3 AT RS A A REREAE A M 2 R
S FR RV BN J BRI HE I VR S i T, B
15 pH {H T R oK it s B S A T
E i+ pH A&, T3 EC {E ] et IR
AER Y B Y T K R it R BC L BE SR
P IR AR WA & B, - HE R R [ i AT
e T v I T g ek U it I i R AR i - R R
b, X HAMRE R —, ISR IER A
JREERAE, R K kB R E IR, 2
VKRR AT R, A e A K
R KBRS 58555 & B g 25, FEK A )
if, RHEAHLR AR e e R
A7 it it S Sk A 4 T4 K AR 58 1 1 S R
B AR FE KT BRAR [R) A it A 12 4 389 in - 3 A 4L
BT e TR RS it I A R e
KX IR A 2B 2 TR
et P47 B VR K S B N T R AR, 3 AT BB R T R K AR
HET SR 1) L ARIRZ RS MR REAR T ISR B
B, KBS HEAEHF, AR X 4 5 BLS
R A RS A i AR OK =
(H1F3) AbEE T f K KRS (H3F 1) A0 B R e/
AT UL 7K B B 3L FH B o e e 5 T - 8 Ay 2 Ak
PERT, I8 75 A S R BT A, R AR RE ] R S 1Y
AU
3.2 KRB E XTSRS R AI #2im
TR R B T K4y 3R 40 K S8 K A
RFRATE AR, X IR o 0 W B AT 2 DG A
FAPS . WF5E & B, TRl — R AR /K ST 388 i K ] i
FIR VRN IR A A B R AR I R AR AR
Qb B AP TT H8 T K T S R v e o SR ) g
BB LA, r A A BB K S e d SR K b A R

B R L g g i K T G 0 2 S T O R
(S SR B 1 O N 1720 N = ] i 6 Y S
XU AT A W, R AT 0 R R R
YR W WA I o 7K R i A S P B hn i v L X 5
A5 1 K ALk B 6 45 SR A AL 5 i 6 AR K v 7k Ak
PRV Je: ok 38 ot R R Wl | R S g it IS
RGN 52 ST S R AR B, T B PR A it A i
K TR 1 BRI T e 2 SR A B 4 9 o
T UK FBEAR, 7K o3 RS 5332 B 32 BHL, 25 1717 52 ) i
ERXT 243 B Wi, 3 5 7 R (I 5T 45 R —
., HEYIFE T Z HE K R A 1 52 ), - 49K 43
SRR BT I i i 22 Bl 2 1 2 i SR ) R
SR BIMMAC, 35 BT B K AR AL A R AR b H Y | fopUR
PR B SR Wl 3 AR 9T A ke ks
BRAG AT AR i T AU R I A A R K
HIE (H2F2) Ab BRI, B IE B /K e
A TTA S50  Te J S  SRU IAAC
3.3 KEBHERELEEITEMN

AR 32 8043 40 BT 32 6k 2 i 40 s 8 ) )
RORETRPR TR AV, B 1 T 780 10 o v 25 s
PRI K R B O 5 RO I S 0 3 a4
BT PSR R B0E 255 PEAN T i 1) 45 0 5 b, T 16
S B AR A B, ARAF G R W] ARk Rk
AT A A5 0 B it S e 1 358 0 52 e T o S BRI
HAH R K SR N 2R G 49 43 B R AT 1t 4 3 i
{53 F1 KT H3 ABEAR 73 i, 1 F2 FlF3 KPR
H2 AbZEG15 5 e . IWH & ET B 20 5
FURN 3 04345 20 1138 B AS T 7K RE Ak B 25 45 75 40 1HL
(F) B 45 o 258w R B FA T 1 45
WEBRZEA TN AR B (D) K F  H2F2 AP F {H A D
HX R, BB K IS (H2F2) 23 A 25
TERAAAKNERE GBI, X 5 A IR 75 K NEHE
3 XoF A A R RK EE Sk e S 7™ S 0 JB R i) ) F 5%
R LR —5

4 4 g

AN [) R 7K R it S 2 A L % e T e S
R KIEFA R, ok s (H2F2) 4b 27T 7E
—E TR I O e S T Y B I, AR
SRR, 4 e BRI O i SR o> R AR
BT WS W R SR 8 R BT, 276 75 I I 15
FH -3 AR R I R A B BRI DA K
BRI A A K 2 Y 70% KBRS )R
K& JitiAlE N 330-P,0, 195-K,0 450 kg + hm™
(B3 I} i N 66.0-P, 05 50.8-K, 0 67.5 kg -
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542 4

hm ™, 21 45 5 BEZKGE T N 26.4-P,0, 9.4-K,0
38.3 kg + hm™ S ZEERAII RN BRI A 438
Jifi N 79.2-P,0, 28.3-K,0 114.8 kg - hm™) i &
TEAT /KIS 9 HEilh | B8 S IO B b 48 55 1~ e P Ak
PR, B2 i KOG 33 40 1 IR A 2 R P
JER V2 TR X 588 M Bk A 1k T SR B A 1) K B A AR 5
W TASHIETE AT 1 — 48, e 0 3 (4 7K B3 1o P A
IUANTESE , TR e 7 R AT K 30 i 2 1, gk — 20 S )
PG4 T X 58 1 Bk e ke e S /i A A7 P 4 1R 1T 4 g
RIS ARAE .
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