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Effects of different drip irrigation fertilization patterns on growth
and water and fertilizer utilization of rape

WANG Haoxiang' ,ZHANG Xinyan' ,NTU Wenquan'*, TIAN Tong'
(1.College of Water Conservancy and Architectural Engineering , Northwest A&F University , Yangling , Shaanxi 712100, China ;
2.Institute of Soil and Water Conservancy, Northwest A&F University , Yangling , Shaanxi 712100, China)

Abstract; The effects of different drip irrigation system layout and water and fertilizer supply patterns on
winter rape growth, yield, soil moisture, and physical and chemical properties were studied by dry-crop greenhouse
experiment. A 3x3 orthogonal experimental design was adopted including three kinds of drip irrigation pipeline lay-
outs of G1 (one tube and one row) , G2 (one tube and two rows) , and G3 (one tube and three rows) , three irri-
gation levels of W1 (50% ET,), W2 (75% ET,) and W3 (100% ET,), and 3 fertilization levels (N : P,0; :
K,0 : H,BO,) of F1 (300 : 190 : 110 : 8 kg » hm®), F2 (450 : 280 : 160 : 12 kg - hm®) , and F3 (600 : 380

220 : 15 kg - hm®).We studied the rape growth and development, physiological indicators, dry matter quality,
yield, water and fertilizer use response to different drip fertigation modes. The results showed that, irrigation and
fertilization had significant effects on rape physiological growth, and yield compared to capillary layout. Rape growth
and yield increased with increasing irrigation. High water (W3) treatment was more conducive to rape growth. The
efficiency was obviously lower than that of the middle and low water treatments. The average water use efficiency of
W1 treatment was 37.73% and 76.36% higher than that of W2 and W3. The growth and yield were positively corre-
lated with the fertilization amount. The maximum yield was 5 430 kg + hm™ in G1W3F3 treatment. G2W2F3 treat-
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ment had a yield of 5 400 kg - hm™, which was 0.5% lower than G1W3F3 treatment did but saved 25% of water,

and had higher water use efficiency and fertilizer partial productivity. According to the comprehensive analysis, from

the perspective of high water-saving economy , the combination of G2ZW2F3 can be used as a suitable drip fertigation

mode under the experimental conditions.

Keywords: drip fertigation; rape; water and fertilizer utilization; growth physiology; yield
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Fig.1 Irrigation process of each treamtemt in rape growth period
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Table 1 Treatment of rape fertilizer

i WURYLT JAREL(N : P,05 : K,0 ¢ HyBO,)
Fertilization Fertilization rate/ (kg - hm™)

date
/(y-m—d) F1 F2 F3
2017-10-20

Fjita 150 : 190 : 110 : 8 220: 280 : 160 : 12 300 : 380 : 220 : 15
Kish

2018-02-20

T 90:0:0:0 130:0:0:0 180:0:0:0
Drip irrigation
2018-03-21

TRTE 60:0:0:0 100:0:0:0 120:0:0:0

Drip irrigation
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TER I, GIW3F3 Ab B #E & 35 e Ko 199 em,
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Table 2 Effect of drip fertigation mode on plant height of rape

HEHH Kb PRS- Treatment
Growth period GIWIF1 GIW2F2 GIW3F3 G2W3Fl G2WIF2 G2W2F3 G3W2F1 G3W3F2 G3WI1F3
Hi/ﬁﬁ 34e 54h 57a 56a 38d 39d 48¢c 49¢ 36de
Seedlingstage
st 64f 94h 100a 92¢ 75e 92¢ 85d 94b 85d
Lace period 90f 135be 140a 137b 105e 137b 120d 140a 125¢
e 125h 187¢ 196a 183d 137g 186¢d 175¢ 191b 170f
Flowering 135h 185¢d 199a 180d 142¢ 188¢ 175¢ 191b 168f
AR
g 136h 183d 199a 181de 142¢ 188¢ 174¢ 193b 1691
Maturity
J7 2K Source of variance P {H P value
EBEME GL 0.453  <0.001**  0.618 0.048 " 0.038° <0.001** 0453 <0.001**  0.618
HEBEKE 1L 0.944 0.004**  0.116 0.222 0.784 0.016* 0.944 0.004**  0.116
A 7K FL 0.623  <0.001**  0.012*  0.011* 0.218 <0.001**  0.623 <0.001**  0.012*
B B WK GLXIL 0.360  <0.001"*  0.026*  0.042* 0.289 <0.001**  0.360  <0.001**  0.026*
B B Xt LK GLXFL 0.604  <0.001**  0.043*  0.152 0.786 0.001**  0.604  <0.001**  0.043"
T K S xii I /K - TLXFL 0.534  <0.001**  0.036*  0.134 0.745 0.001**  0.534  <0.001**  0.036"

T [ F B AN ) - B 2 AR B 22 53 L35 (P<0.05) 5+ R 2250 W3 (P<0.05) , * = FRZERMR L (P<0.01) , T,

Note: Different letters in the same column indicate significant difference( P<0.05) ; * indicates significant difference (P<0.05), * * indicates

significant difference ( P<0.01), the same below.

x®3

i e AR AR = X v S M TET AR B 24 0/ o

Table 3  Effect of drip fertigation mode on leaf area of rape

] Kb PR Treatment
Growth period GIWIF1 GIW2F2 GIW3F3 G2W3Fl G2WIF2 G2W2F3 G3W2F1 G3W3F2 G3WI1F3
Hi
S 1 047f 2 049¢ 2 697a 1 828d 1257e 2 256b 1 058f 1 803d 1 761d
Seedlingstage
st 1 560g 2 681d 3465bc 3 949a 1 872f 3 123¢ 2 110ef 3 641b 2322
Lace period 1761g 2 955d 5 908a 3 302¢ 2 095f 3559bc 2 306ef 3 867b 2 454e
i 1 310g 2 998d 4703a 3 422¢ 1611f 3 897D 2 194ef 4 564ab 2 392
Flowering 1 431f 3 210¢ 4 280b 3057cd 1755 3978bc  2196d 4 818a 1973d
g 1 136f 2 421¢ 2 783b 2 559h 1 406e 2 639h 1888d 4 081a 1 239
Maturity
J7 ZHE Source of variance P {fi P value
TEME GL 0.816 0.098 0.095 0.048 0.324 0.070 0.816 0.098 0.095
HEWE K 1L 0.641 0.002**  0.046*  0.699 0.752 <0.001**  0.641 0.002**  0.046*
WEAE K FL 0.356 0.001** 0.043*  0.044" 0.148 0.001**  0.356 0.001**  0.043*
B E WK F GLXIL 0.946 <0.001**  0.029*  0.091 0.837 0.001**  0.946 <0.001**  0.029*
EEA B ALK F GLXFL 0.797 0.001**  0.043*  0.143 0.855 0.005**  0.797 0.001**  0.043*
T KXt AR K- TLXFL 0.429 0.001** 0.215 0.447 0.662 0.011* 0.429 0.001** 0.215
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Table 4 Effect of drip fertigation mode on chlorophyll content and net photosynthetic rate of rape

HEEW] Lace period

] Flowering

St S a— PR Y
Treatment IS HOLEHE/ (pmol - m™2 - s71) S HOEE R/ (wmol » m™2 - s71)
i Chlorophyll SPAD Net photosynthetic rate Chlorophyll SPAD Net photosynthetic rate
GIWIF1 48.75h 8.78f 41.02¢ 34.27d
GI1W2F2 57.27d 22.26b 49.44h 33.69¢
G1IW3F3 62.11a 23.68a 51.83a 36.29b
G2W3F1 56.88e 16.12¢ 40.87f 31.19f
G2W1EF2 51.32¢g 14.26e 42.86d 35.12¢
G2W2F3 60.24b 22.86a 49.71b 36.90b
G3W2F1 53.62fg 15.67¢ 46.21c 37.35a
G3W3F2 58.76¢ 22.83a 51.32ab 35.31c¢
G3WI1F3 54.21f 15.06d 45.39¢d 35.84c¢
200 PR W2 H W 9.89% Fil 38.06% , Ui B 1Y
= TIEZK G A W 2 4R R S T A 3R il i 5 B
: EAE T AR T YRR B WA R, S 4
2 oo B GIW3F3 T Bt ek, 195.02 ¢ - #k7, I
ol K G2W2F3 3 187.65 g - Bk, %% GIW3F3 AH Ll
s sof WAL 3.78% , GIWIFL TH R/, (U 61.20 ¢
a SRR, AT L, AR GIW3F3 TR OK, H
et o om oz ooz o G2W2F3 [R5 7K 25% , H g A i ik
2252222 ¢2 ¢ TR BLR, KR b
R R O C I C I C I C R

A # Treatment

mm =X Stem @3 Leaf T3 Petiole

B2 EiE ARt i St _E AT RAR R0
Fig.2 Effects of different drip irrigation fertilization

modes on dry matter above ground accumulation of rape
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() TS B, T T it P A Xyl =5 = i K IR A
ORI S,
A T R A XT3 7 5 i) AR B/ it
KR EAC R B E T, GIW3F3 A3
FEi i, A 5 430 kg - hm ™ HKCOH G2W2F3 AbFR
5400 kg - hm™, & GIW3F3 4b B = (W [ 30 kg
- hm™, F& 18 0.5% , GIWIF1 &b 38 5 7= & i %, N
4 810 kg + hm™ JE/KH W Xl R = i i R A
W3>W2>W1, W3 Ab B2 7= @4 W2 fll Wi =
0.13%H16.49% ,W2 5 W3 Z [0 2255 A 8 3% ; i e &=
F XHM S i R BN F3>F2>F1, F3 A H#F- 3
PR F2 R F1 5 4.82%F1 6.10% , F1 5 F2 2|
ZEFRARE P 5K E EAE R R IEA,
FeAds WUE W LLUR B, e KB HIAE W1 Ab 3
i f5e/IMELH BRAE W3 AT 560 WUE 5K &5 7
FHG /K AL HR Y WUE B 55, W1 A EF-3448 W2

W3 15 37.73%H1 76.36% ; it N 12 -5 B A 7 =%
WUE 520 AN i 2, 25 A0 31 rb 7 o Je e 1 GIW3E3
WUE 9 19.64 kg - hm™ « mm™" ,G2W2F3 £b3y 24.89
kg + hm™ - mm™" 3% GIW3F3 AbH ] 26.73%

M PFP W] LI H, F1 Ak B AR A5 5 K 9 HE R i
AT, HR R k2, F3 BRI AE 77 ) e AIG, EE K
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Table 5  Effect of drip fertigation mode on rapeseed yield, WUE and PFP

fb EEMEITX LN it e FEiR Yield FEOK A WUE PFP
Treatment Pipeline layouts G Iirigation W Fertilization I /(kg » hm™) Water Consumption/mm /(kg + hm™ + mm™")
GIWIF1 1 1 1 4 810 145.81 32.99 7.91
GIW2F2 1 2 2 5040 221.34 22.77 5.59
G1W3F3 1 3 3 5 430 276.41 19.64 4.47
G2W1F2 2 1 2 4 860 148.72 32.68 5.39
G2W2F3 2 2 3 5 400 216.97 24.89 4.44
G2W3F1 2 3 1 4970 279.63 17.77 8.17
G3W1F3 3 1 3 4 820 153.12 31.48 3.97
G3W2F1 3 2 1 4 970 217.36 22.87 8.17
G3W3F2 3 3 2 5030 284.58 17.68 5.58
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