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Effects of gravel mulching level on crop coefficients and
water use efficiency of summer corn

LIU Xiao-ging'*?, ZUO Yi-qiu'*, FENG Hao''**, LI Yi'2
(1. College of Water Resources and Architectural Engineering , Northwest A&F University , Yangling , Shaanxi 712100, China;
2. Chinese National Academy of Water-saving Agriculture in Arid Region, Northwest A&F University , Yangling, Shaanxi 712100, China;
3. Institute of Water and Soil Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100, China)

Abstract: In order to evaluate the effects of gravel mulching in arid and semi-humid regions of China on soil water
storage, crop growth, crop yield and water use efficiency, based on the measured data of summer corn grown at Yangling
in 2014 and the meteorological data, evapotranspiration of the reference crop was calculated at various growth stages by
adopting the formula of Penman — Monteith. The actual crop evapotranspiration was calculated by adopting the formula of
field water balance equation, then the variation of the crop coefficient of different growing periods was analyzed, as well
as the water use efficiency under different mulching levels. The results showed that gravel mulching could maintain water
at the beginning of crop growth by 12.8% , reaching the maximum at the jointing stage, and then became decreased be-
cause of canopy. A linear relationship between gravel degree and crop coefficient was found. The larger the amount of
coverage, the higher the increases of the corresponding crop coefficients at different growing stages. Leaf area and plant
height had good regression relationships with crop coefficient, and thus corn evapotranspiration can be forecasted during
the growth period. Gravel mulching made the growing period shortened, reaching a the maximum of nineteen days. Grav-
el mulching also preserved soil moisture better, and reduced soil evaporation, increased soil water storage and water re-

tention capacity, thereby increasing crop water use efficiency and yield by 4.65% ~38.17% and 2.94% ~ 32.00% ,
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respectively. The effects became enhanced when the mulching coverage was increased extensively within the extent of this

research.

Keywords: summer corn; gravel mulching; reference crop evapotranspiration; crop coefficient; water use efficiency
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Fig.1 Meteorological data during the growth period of summer corn
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Fig.2  Changes in soil water storage capacities by different treatments
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Table 1  Evapotranspiration of the reference crop during various growth stages by different treatments
HEHBE R ALFE Treatment
Growing periods Reference evapotranspiration CK 9 s4 6 S8
JJiit} During/d 12 13 13 14 15
SRR~ ETy/mm 42.62 45.84 45.84 50.53 53.46
Sowing ~ emerging H ¥ Daily average/(mm-d~") 3.55 3.53 3.53 3.61 3.56
i LB W LB Percentage/ % 14.62 15.84 16.27 18.38 19.97
Pt During/d 23 23 22 21 20
O~ PR ETy/mm 95.10 96.39 91.88 87.19 84.26
Emerging ~ jointing H 3448 Daily average/(mm-d~") 4.13 4.19 4.18 4.15 4.21
di 2 H W H B Percentage/ % 32.63 33.31 32.60 31.72 31.47
Jitf During/d 25 24 22 20 18
AT ~ i ETy/mm 72.08 67.57 66.24 60.75 66.24
Jointing ~ tasstling H #3/4+ Daily average/(mm-d~") 2.88 2.82 3.01 3.04 3.68
i 24 FH WL Percentage/ % 24.73 23.35 23.50 22.10 24.74
Jii} During/d 31 30 29 27 25
ST ~ W 1 ETy/mm 48.43 47.65 50.55 52.26 41.45
Tasstling ~ filling H ¥4 Daily average/(mm-d~") 1.56 1.59 1.74 1.94 1.66
di A B WL B Percentage/ % 16.62 16.47 17.94 19.01 15.48
JJiif During/d 28 27 25 24 2
VEA - R ETy/mm 33.21 31.92 27.32 24.15 22.32
Filling ~ maturity H ¥4 Daily average/ (mm+d-") 1.19 1.18 1.09 1.01 1.01
LB W LB Percentage/ % 11.40 11.03 9.69 8.79 8.34
JJii} During/d 119 117 111 106 100
Enﬁfifh/ﬁfm o ETy/mm 291.44 289.37 281.83 274.88 267.73
H #4F Daily average/ (mm-d ") 2.45 2.47 2.54 2.59 2.68
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Table 2 Actual evapotranspiration of summer corn during different growth periods by different treatments

AbFE Treatment

EHE R
Growing periods Reference evapotranspiration CK 9 4 6 S8
ET./mm 26.00 27.50 25.67 28.80 29.40
B - it H #44 Daily average/(mm-d ") 2.17 2.12 1.97 2.06 1.96
Sowing ~ emerging
b & H WA HAB) Percentage/ % 10.62 11.05 10.12 11.27 11.56
ag
ET./mm 56.11 57.83 56.05 55.80 54.77
il - S F 4 Daily average/(mm+d~") 2.4 2.51 2.55 2.66 2.74
Emerging ~ jointing
i EE B WL Percentage/ % 22.92 23.24 22.10 21.83 21.53
ET,/mm 67.03 66.22 67.56 64.40 70.88
S S
BAT ~ A H 344 Daily average/(mm-d ") 2.68 2.76 3.07 3.2 3.94
Jointing ~ tasstling
di &4 B WL B Percentage/ % 27.38 26.61 26.64 25.19 27.87
2
ET./mm 52.30 53.37 61.67 65.33 53.06
Vi ‘A ~ }
:JEEELF‘ Em@% H ¥ 4t Daily average/ (mm-d ") 1.69 1.78 2.13 2.42 2.12
Tasstling ~ filling
di A F WL B Percentage/ % 21.36 21.45 24.31 25.56 20.86
ag
ET./mm 33.21 32.56 29.23 27.29 26.34
T ~ B
)38 Daily aver: «d! . . . . .
Filling ~ maturity H ¥ Daily average/(mm-*d ) 1.19 1.21 1.17 1.14 1.20
i A F LB Percentage/ % 13.57 13.08 11.52 10.68 10.36
ag
2T ET./mm 244 81 248.86 253.65 255.64 254.34
Entire growth period H #5F Daily average/(mm-d =) 2.06 2.13 2.29 2.41 2.54

K3 EERTEALEZEEMRIENELY

Table 3 The crop coefficients of summer corn during different growth periods by different treatments

AbFE Treatment

HEH BB
Growing periods CK 2 4 6 S8
FEFD ~ B Sowing ~ emerging 0.61 0.60 0.56 0.57 0.55
HH ~ 1 Emerging ~ jointing 0.59 0.60 0.61 0.64 0.65
AT ~ FhEEIE Jointing ~ tasstling 0.93 0.98 1.02 1.06 1.07
e ~ FHEIIY) Tasstling ~ filling 1.08 1.12 1.22 1.25 1.28
I ~ R Filling ~ maturity 1.00 1.02 1.07 1.13 1.18
S Entire growth period 0.84 0.86 0.90 0.93 0.95
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Table 4 Regression equation coefficients of crop coefficient with gravel levels during different growth periods

28 FoR ~ Hi ~ T

PO ~ e

il ~ I I ~ A 2T

Regression Sowing ~ Emerging ~ Jointing ~ Tasstling ~ Filling ~ Entire growth
parameters emerging jointing tasstling filling maturity period
A -0.008 0.008 0.018 0.026 0.024 0.015
B 0.608 0.586 0.940 1.084 0.986 0.838
R? 0.840 0.955 0.961 0.948 0.977 0.987
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crop water use efficiency
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CK 4381 £ 94d 244.81 £3.41c 16.40 —

S2 4576 +262bc  248.86 + 5.62bc 16.89 2.94
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S8 5549 £303a  254.34+3.54a 21.82 32.99

TE : MG R B R A H N 22 5 .35 (P < 0.05) .
Note: Different letters in same column indicate significant difference a-
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