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Research on the effects of plastic film mulching and
seedling transplanting on crop yield
and water and heat resource utilization
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(1. College of Land Science and Technology, China Agricultural University, Beijing 100193, China;
2. Key Laboratory of Land Quality, Ministry of Land and Resources, Beijing 100193, China)

Abstract The quantitative relationship between the environmental factors and yield of crops was established by using
AquaCrop model in Quzhou County, Hebei Province. A index evaluation method was used to evaluate the utilization of
water and heat resources by mulching and seedling transplanting for winter wheat and summer maize. The results
showed that. Firstly,the AquaCrop model well simulated the crop canopy coverage. biomass, and yield, and could be
used to analyze the impact of technology on water and heat resource use efficiency. Secondly, film mulching and
seedling transplanting techniques significantly affected the utilization efficiency of water and heat resources of crops
(winter wheat and summer maize) at sowing-jointing stage. Thirdly, the water and heat resource utilization efficiency of
winter wheat mulching and summer maize seedling transplanting increased by 0.67 and 0.5, respectively, and the
output increased by 326 kg / hm? and 972 kg / hm?. The results showed that the plastic film mulching and the seedling
transplanting technology affected the utilization of water and heat resources and crop yield during the critical growth
period. Above results be used as a support to enhance the efficiency and theoretical potential of other crops and further

serve as a remedy for the disaster of winter wheat and summer maize and provide reference for technical adjustment in
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Table 1 Soil parameter
. KAEEN/ N X WA KR/ Y% AR E/ (mm/d)
TR K/ em J5 Hh FH Ja] 5 7K 2/ %% ,
Permanent Saturated water Saturated hydraulic
Soil layer Texture Field capacity
wilting point content conductivity
0~35 Hy b 1 - 13.0 33.0 46.0 150. 0
35~85 b g 1 13.0 33.0 16.0 150. 0
85~145 b b 1 13.0 33.0 46.0 150. 0
145~200 i e 1 23.0 39.0 50.0 100. 0
1.3 MRAE 2) BTN () B I
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Table 2 Evaluation indexes of water and heat resource utilization efficiency
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Table 3 Three base point temperatures of winter wheat and summer maize at different growth stages
C
VEY 1 ) & /N3 Winter wheat B Tk Summer maize
Crop growth period T, T, T, T, T, T,
R - 0 10 25 8 25 30
PNl 3 12 15 26 22 26 30
il - A 12 22 26 15 20 30
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Table 4 Growth stages of winter wheat in the model H-H
b B 5 Fif N A iR i B AT EiiipE L2 e
Treatment  Sowing Seedling Wintering Reviving  Standing  Jointing Heading Milk cooked Maturity
ey 10-11 10-14 12-13 02-18 03-04 03-27 04-16 05-10 06-04
R 7 i 10-11 10-18 12-10 02-20 03-10 04-01 04-20 05-14 06-05
x5 BEEKREDNLEFTH
Table 5 Growth stages of summer maize in the model H-H
b ¥ 5 iG] %54 WA Ak T T
Treatment  Sowing Seedling  Transplanting Jointing Flowering  Grain-filling Maturity
Ak 06-01 06-05 06-15 07-20 08-06 08-20 09-24
R H 06-15 06-20 — 07-27 08-16 08-30 09-24

BTl ARG LU R &N E ORI
AR SRR ARG 2004—2014 AR/ NEFIE TR

S B K R R X R S AT AL
PR A R ML 6.

F6 ZNEZEMEEKRTERMNER

Table 6 The-simulation results of yields of winter wheat and summer maize

SN 7 (g /b B A/ (kg /b
Ay Winter wheat yield FIHR2E /% Summer maize yield FIFR2E /%
Year S 4 i Relative error S L Relative error
Measured value  Simulate value Measured value Simulatevalue
2004 5 160 5213 1.03 5 550 5 878 5.91
2005 5 190 5112 1. 5 700 5 848 2. 60
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2 6(40)
& /NF2 37 / (kg /bt ) B E K #%/ (kg/hm?)
Ay Winter wheat yield FIGHR 2%/ % Summer maize yield HARF R 2E
Year S £ BB Relative error S £ L Relative error
Measured value Simulate value Measured value Simulatevalue

2006 5 280 5437 2.97 5 780 5510 4.66
2007 5 325 5 553 4.28 6 045 6 707 10. 95
2008 5595 5603 0.14 6 345 6 737 6.18
2009 5 790 5793 0.05 6 435 6 799 5.66
2010 5 760 5698 1.08 6 945 6 810 1.94
2011 6 729 6 335 5. 86 8 276 8 775 6. 04
2012 7 095 7 158 0. 89 8 640 8 716 0. 88
2013 7 156 6 964 2.68 8 514 8 761 2.90
2014 7 185 7117 0.95 7 965 8 212 3. 10

M2 6 i LI 1, AquaCrop 5 B K41 1) 4 /)N
22 M F K ™ i 5 SC PR JE A FHAT L A X 1R 25 43 5]
g 0.05%~5.86%F1 0. 88% ~10. 95% , br 4L 15
AR % 2 NRESE 4» %k 2. 8% Fl 5. 2%, ¥ <<
10 %%, Ut BB A 75 il SRS L i R e v .
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FH 38 AT AR S A Y - S 285 o 1 B
H 20042014 47 H R EE R BE/E AR
G AT B TO K B3R S 30 R A /N TR oK
P& 43k 7 808 il 8 533 kg/hm? , Hi il /N3 7=
A 8 134 kg/hm’ , B4k E A =& K 9 505 kg/hm®,
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Table 7 Key parameters of winter wheat in the model

(S

Model parameter

12 G5 Fof A A5 5

Traditional planting mode

b R IR A

Plastic film mulching technology

A K H/d 238
MisERERR/ % 0.2
RKREZBEHER/ 7 90
A K B AR B/ C 0
Tl ) A K e TR/ °C 26
ek 45 # 0. 48
I AR/ m 1.5
B AR E AR L/ % 0
b R AR I ith LR 5L 75
TR ZZE R A/ mm 11

237
0.2
95
0
26
0.48
1.5

90
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Table 8 Key parameters of summer maize in the model

R 254

Model parameter

e Ge MBS

Traditional planting mode

TR A

Seedling transplanting technology

AR R E/ d 102
o 7 X & Fh
(IR GYEA =Y Y 0.2
RREZEBR/ N 90
FEW A K R AR/ C 8
W A K e R/ C 30
Wik 45 $ 0.48
T RARBE/m 1.5
3 R B T AR L/ 0 0
b 2 A AL il 2 B 75
TR ZHE L H/mm 11

112
B
0.31

95

75

11

22,1 BERZEBMER

I AR RO BF TV 1 A Wy A R R TR R
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Fig. 2 Simulation results of canopy coverages of winter wheat and summer maize
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Fig. 4 Simulation results of yields of winter wheat and summer maize
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Table 9 Crop water deficit index and Calorie index of winter wheat and summer maize under different treatments
Ko T TR AL R
ey fb 3 Crop water deficit index Calorie index
Crop Treatment pegn gpoy S AEE AEEORE AEEW BRI R OME MEEORE Ak
S-] J-H H-M S-M S-J J-H H-M S-M
T —0. 66 —0.87 —0. 66 —0.69 0.76 0. 65 0.94 0.78
s
R R —0.72 —0.75 —0.70 0.72 0.78 0.92 0. 96 0. 89
ik —0.09 —0.07 —0.16 —0.11 0.98 0. 88 0.55 0. 80
HEK
KR H —0. 20 0. 00 —0.16 —0.14 0.96 0. 86 0. 66 0. 83

T SRR T BN HL A ML
Note:S,Sowing;J, Jointing; H, Heading; M, Maturity.

2.3.2 PRI R AR B FE R

AT G AR B YR 25 5 R 00 B i — 20 X I
OIMT T BEAR S AR VR K BT R 00 25 45 R A%
(£ 10D, Hb JRAL 55 A F AR R 1Y iz 15 4
/INZE L K 1 A B 5 R FH 8CR RK 43 R 0%

Yym T e Momi i =, 0 /N 22 1 /K B 5% U5 R P 4
L AR BB /INAE W 0. 67 8 Kk oK 18 7K B 5% IR
FEBL R FE R F K 0. 50, o1 T /K #4078 5 ) ) k%
PEwr, /NG PR 326 kg/hm®, oK = B 1
m 972 kg/hm?*,

10 ZNEMEERTELETHARTRMARE

Table 11  Water and heat resource utilization efficiency of winter wheat and summer maize under different treatments
oo B K43 FH KR GE IR
. e L= 5/ L/ °C BFEK #/mm FI RS/ R/ I 46 %L
(kg/hm?) Accumulated Total water (kg/(hm® « h+ C)) (kg/m’) Water and
Crop Treatment ]
Simulate yield  temperature consumption Heat utilization Water use heat resource
efficiency efficiency  utilization index
pi o 8 134 2 059.0 369.7 3.95 2.20 1.38
KN
o7 7 808 2 083.5 396. 3 3. 74 1. 97 0.71
i 454 9 505 2 896.7 370.7 3.28 2.57 1.08
HE K
KB 8 533 2 647.1 367.8 3.22 2.32 0.58

3 WRSER

3.1 itig

AquaCrop #6& B OK B B b i FI AR B & i 55
B 6 TR R R A B M B o R R R R R
L R 8T M X A S R A B B e R A A A R Y
R ] 2R 25 8 B X - SR R A AR W =
T AR BRI . O TR W M A T R AR
ABREARTT 14 Az R BRI TE 5 D, A 0] [ AR
W7 5 X AquaCrop A6 70 8T 15 R B oK 148 /)
Koy P R 2EAT T R ST . AR BIF 5T A A&

22N B KA A 00 0 Ok A IR Ml AT 55 N RS
R HARRXAEY) (A /INEE L E KO K BB IR R T 0 52
(R 4,

A IR, A /N A2 1Y 1 -2 3 L e B -3 2
WRHARKEETIRKSEDN, W2 HAERKKEE
SRR RSN S oY A5 SRR M I T
T Ao 9D A R 2R L S AN AR KR B 4 K
I3 TEQRUE S 5 AT 48 T BRI A /N 22 2 4 F A K
LR EEY KRR, SRS 5 %
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