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Analysis of Gap Between Yield and Radiation Production Efficiency
and Temperature Production Efficiency in Summer Maize:
Taking Shandong Province as an Example
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Abstract: [Objective] In the present study, the biomass production and resource availability among yield levels were
studied to quantify the gap of yield, radiation production efficiency and temperature production efficiency of summer maize in
Shandong province. This study aimed to clarify the contribution rate of agricultural production conditions and cultivation

measures to yield gap and efficiency gap, and to explore the possibility of synergistic narrow the yield gap and efficiency gap,
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so as to provide a theoretical basis for closing yield gap and improving resource utilization efficiency. [Method] The
experiment was conducted in Taian, Zibo and Yantai in Shandong province from 2017 to 2018. Based on the investigation of
summer maize production in Shandong province, four management models were designed in consideration of appropriate increase
of plant density, optimization of fertilizer and water, increase of yield and efficiency with the same integrated management. The
four yield levels, including super high yield (SH), high yield and high efficiency (HH), farmer level (FP) and basic production
level (CK), were simulated. And the gap of yield, radiation production efficiency and temperature production efficiency of
different yield levels were analyzed. With the integrative analysis of radiation-temperature production potential and crop yield
performance, the factors affecting gap of yield and efficiency and the way closing yield gap and increasing efficiency were
explored in the present study. [Result] At present, the yield gap between radiation temperature potential level and super high
yield level, super high yield level and high yield high efficiency level, high yield and high efficiency level and farmer production
level, farmer production level and basic production level of summer maize in Shandong province were 5.85, 0.82, 1.90 and 1.35
t-hm’z, respectively; The radiation production efficiency gap were 1.74, 0.15, 0.28 and 0.45 g-MJ", respectively; and the
temperature production efficiency gap were 1.09, 0.10, 0.17 and 0.28 kg-hm™>-"C™', respectively. The current uncontrollable
factors contributed 58.49% to yield gap, and contributed 66.09% to light and temperature production efficiency. And geographical
difference factors contributed 1.98% to yield gap, contributed 2.49% to radiation production efficiency, and contributed 3.24% to
temperature production efficiency. There was a significant correlation between the yield gap and the production efficiency gap.
SH and HH had higher biomass, mean leaf area index (MLAI) and canopy light energy interception rate than FP and CK.

[ Conclusion] At present, the gap of yield, the radiation production efficiency, and the temperature production efficiency
between the farmer production level and the radiation temperature potential level of summer maize in Shandong province were
8.56 t~hm'2, 2.17 g-MJ', and 1.35 kg-hm™>C™', respectively, so there was room for improvement in yield and utilization
efficiency of radiation and temperature resources. There was a significant correlation between the yield gap and the production
efficiency gap, on the basis of existing farmer management measures, the application of high-yield and high-efficiency
management mode (increase the plant density of 15 000 plant-hm?, and increasing the amount of fertilization appropriately,
changing the one-time fertilization into the sub-fertilization mode with water and fertilizer integration during the stage of sowing,
spike formation, flowering, and milking) could narrow the yield gap by 1.90 t-hm™ and increase the production efficiency of
radiation and temperature resources by 14.74% and 14.41%, respectively, which was an effective technical way to synergistic
close yield gap and increase efficiency.

Key words: summer maize; yield; radiation and temperature production efficiency; gap
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Table 1 The plant density and application of fertilizer
B Pk H b= MEARL R & Ll Percentage
Treatment Plant density Target yield Fertilizers Rate - —
2 2 Eii KWW\ 14 FrAE FLEH
(plant/hm) (kg-hm™) (kg'hm™)
Seeding Vi2 VT R3
SH 82500 18000 HHUE Organic fertilizer 7500 100%
N 540 30%PU+10%U 30%U 20%U 10%U
P,0s 180 100%
K,0 360 75% 25%
HH 82500 15000 FHUIE Organic fertilizer 7500 100%
N 375 30%PU+10%U 30%U 20%U 10%U
P,0s 150 100%
K,O 300 75% 25%
FP 67500 NPK =tH &0 750 100%
Ternary compound fertilizer
(N-P,05-K,0=14-16-15)
CK 67500 0
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Fig. 1 Daily precipitation, mean temperature and solar radiation at Taian, Zibo and Yantai in the growth period of summer maize
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Table 2 Growth process of summer maize at experimental place

b A Ay Eizil EEHH Growth stage (M-D) EXLIPN

site Year  Sowing (M-D)cugyn 1y THEM A S gy Toelds @
Bell stage Flowering stage Filling stage Milking stage Harvest

ESS 2017 6-12 7-27 8-04 8-23 9-03 10-06 116

Taian 2018 6-12 7-25 8-02 8-22 9-01 10-06 116

i 2017 6-12 7-25 8-07 8-22 9-03 9-29 109

Zibo 2018 6-13 7-26 8-06 821 901 10-01 110

& 2017 6-20 7-29 8-15 8-30 9-15 10-06 108

Yantai 2018 6-20 8-03 8-16 9-03 9-13 10-08 110
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Fig. 2 Differences in biomass of summer maize under different yield levels
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16.64%- 15.69%. 10.83% (&) .
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4 AR MLAL 25 3% (P<<0.05) , %
FIW o SH>HH>FP>CK (£ 4) . 2017 4 =ik5
&L SH. HH. FP AbHE[f) MLAI % CK 2 AlE s T

48.79%- 41.53%. 20.97% (Z&%) , 54.22%. 48.59%.
20.48% (IS 1) F1 39.86%- 24.56%- 17.79% (HHE) ;
2018 o l4E T 41.06%. 33.33%. 22.36% (&

KIA YGi>YGu>YGy>YGy. 2017 i [HAIHE &
() FP AL BRI AR 22 53 IAEAE 0.17 thm® A1 0.12 thm™ (¥
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Table 3 Grain yield and yield gap under different yield levels

A Hh ¥R Grain yield (thm?) FrAE 22 Yield gap (thm™)

Year Site Yir Yu Y Yir Yex YG,  YG  YGi  YGu  YGy  YG,

2017 Z%% Taian 17.71 12.30 11.30 9.97 8.78 8.93 5.41 1.00 1.33 1.19 —
W1 Zibo 16.78 12.07 11.42 9.80 8.60 8.18 4.71 0.65 1.62 1.2 0.17
fH4 Yantai 15.84 11.99 11.91 9.85 8.27 7.57 3.85 0.08 2.06 1.58 0.12

2018 Zz % Taian 19.06 12.53 11.33 8.75 7.51 11.55 6.53 1.20 2.58 1.24 0.81
W14 Zibo 20.25 12.34 11.29 941 8.01 12.24 791 1.05 1.88 1.40 0.15
HHE Yantai 19.09 12.41 11.46 9.56 8.10 10.99 6.68 0.95 1.90 1.46 —

S Average 18.12 12.27 11.45 9.56 8.21 9.91 5.85 0.82 1.90 1.35 0.21

R4 TRFERREERLAMESHENES

Table 4 Differences in photosynthetic performance parameters of summer maize under different yield levels

i AbER 2017 2018
Site Treatments “ Al MNAR (em>d") D (d) HI MLAI  MNAR (gm™d") D (d) HI
E 3 SH 3.69a 6.69b 116 0.51a 3.47a 6.87b 116 0.53a
Taian HH 3.51b 6.77b 116 051a 3.28b 6.92b 116 0.53a
FP 3.00¢ 8.38a 116 0.50a 3.01¢ 7.82a 116 0.53a
CK 2.48d 8.44a 116 0.50a 2.46d 7.56a 116 0.51a
sty SH 3.84a 5.84c 109 0.53a 3.76a 5.72b 110 0.53a
Zibo HH 3.70b 5.77¢ 109 0.51a 3.53b 5.72b 110 0.52a
FP 3.00¢ 6.00b 109 0.51a 2.99¢ 5.84a 110 0.52a
cK 2.49d 6.61a 109 0.50a 2.48d 6.04a 110 0.50a
Wt SH 3.93a 5.93b 108 0.51a 3.44a 8.46¢ 109 0.51a
Yantai HH 3.50b 6.21b 108 0.50a 3.19 8.51¢ 109 0.50a
FP 331c 7.07a 108 0.50a 2.86¢ 10.28a 109 0.48a
cK 2.81d 7.76a 108 0.49 231d 9.23b 109 0.47a

MLAL: PRI RS MNAR: SFREIFFMAER: D: AFWIRE: HI: BOkIRE. FAEEHR)S AR /NG FRERR A1 2 7k 0.05 527K

MLALI: Mean leaf area index; MANR: Mean net assimilation rate; D: Total days; HI: Harvest index. Values followed by different letters in a column are
significantly different between treatments at 0.05 level
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19.97%; 7E 2018 F4 BT 9.13%. 8.47%,

5.30%- 5.30%K1 8.34%. 7.80%. HI 7E%% /=& 2Kk
Z I B2 (P>0.05) . Mk W, SH Al HH
b B E AR R R ) B R KA T A E
HATH K MLAL 1fif FP Al CK AbBE 5 AR HL AT ¢

(1) MNAR, {HA5 TGV G e MLAT @ FEAG A7 K 1
k.
2.4 FREFERXREEATBELEBFINES
M 3 nT 0L, BEE AR R, B ROKE A
(6 RE A SR 2R I HH S8 T J5 BRAR & %, 76 VT
EFEE . A4 FEW T, SH. HH fl FP ALBE 6 AE
BIRERE CK 205l 16.18%. 15.01%F 5.31%.
H BRIz dt— 2K, RS CK G RE#ER
R4 SH. HH F1 FP ALFEf 63.08%- 67.34%F1
82.75%, FHAF G 4 A= 8 2 IR G REk
RFZE B (P<0.05) o KW SH Al HH &5 41
REs L E I, RH AT R IRFR AN H
RS BOR R, B A B AOK AR SRAT T R

100
C—3SH
HH
= a FP
< ] E==1CK
2 sor 7b
2 B
% B =
o)
25
2 60
g
:_:";G —eSH
& —o HH
—w—FP
0 —2—CK AN
oL . . . . . A AN 1
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B3 ARFERREERALHEBRENESR

Fig. 3 Radiation interception efficiency of summer maize under different yield levels

2.5 FTEFERXEFARBERREFYERYE

ETE

ENEINE V=27 € 1PN T kv & Pl 1P~
Fo AR E EROK B e ORI AR 7 280 43 i ok
4.07 gMI' #12.53 kghm™>°C™"', SH. HH. FP. CK %}
ST W AR O B AR 77 28 R AR B A R A
57.23%- 53.47%- 46.66%- 35.70%AH1 57.07%- 53.31%-
46.54%. 35.61% (F 5—6) . FHUREZ MR N
EG;>EGy>EGu>EGy. I GREA 3 = T R %
AH G R A, M B W8 A 7= R i T 28 2 RS
B, Ul MR 2 P

2.6 BREHEWNFEENTWME

3ANRES A N TR 2 A B, Rk
FILA AT AS A DR 2% > n s D g > Hhoek o S A
=, SRR 58.49%. 41.51%H1 1.98%. 4
T4 0] 2 DA 28 D ik 2 3 I Ok A0 Ak AR 15 4 i > 2
R EACF > KBRS, TR 5 2485l 25
P25 11 46.94%. 33.86%A1 19.20% (£ 7) .
2.7 ZREWNYERENTEER

MFUANTIAR N 2 R DR R 2 R B T
T W R 0% 2 e (R DT R 2R 0 e i 2 I DUk
HaHh 5, ZETTERE 8 66.09%. 33.91%F
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Table 5 Production efficiency of light and efficiency gap under different yield levels (g-MJI™")
0y bR g 2% Production efficiency of radiation MR 2P Efficiency gap
Year Site RErr REsy REun REpp REcx REG, REG; REGy REGm REGy  REG
2017 84 Taian 4.01 2.29 2.08 1.87 1.39 2.63 1.73 0.21 0.21 0.48 0.25
1 Zibo 423 2.61 2.48 2.12 1.66 2.57 1.62 0.14 0.35 0.47 —
& Yantai 3.71 2.48 2.34 2.01 1.52 2.19 1.23 0.15 0.33 0.49 0.11
2018 84 Taian 4.05 2.19 2.10 1.80 1.36 2.69 1.86 0.09 0.31 0.44 —
1 Zibo 4.34 222 2.06 1.80 1.40 2.94 2.12 0.16 0.26 0.40 —
& Yantai 4.05 2.17 1.99 1.79 1.38 2.67 1.88 0.18 0.21 0.40 0.01
34 Average 4.07 2.33 2.18 1.90 1.45 2.62 1.74 0.15 0.28 0.45 0.06
%6 FRFBERREEKBELTHERINGEES
Table 6 Production efficiency of temperature and efficiency gap under different yield levels (kg-hm™?"C™)
EAy R i A2 7= 55% Production efficiency of temperature % 7236 Efficiency gap
Year Site
TEgrr TEsn TEun TEgp TEck TEG; TEG, TEGy TEGm  TEGwy TEGs
2017 &% Taian 2.48 1.41 1.28 1.15 0.86 1.62 1.06 0.13 0.13 0.30 0.10
1 Zibo 2.36 1.45 1.38 1.18 0.92 1.44 0.90 0.08 0.20 0.26 0.07
& Yantai 2.30 1.54 1.45 1.25 0.94 1.36 0.76 0.09 0.20 0.30 -
2018 254 Taian 2.60 1.41 1.35 1.15 0.87 1.73 1.19 0.06 0.20 0.28 0.06
i1 Zibo 2.70 1.38 1.28 1.12 0.87 1.83 1.32 0.10 0.16 0.25 0.09
JH & Yantai 2.74 1.47 1.35 1.21 0.94 1.80 1.27 0.12 0.14 0.27 -
P14 Average 2.53 1.44 1.35 1.18 0.90 1.63 1.09 0.10 0.17 0.28 0.05
*71 BEERWNTFE2ERTHE
Table 7 Contribution rate of each factor to the yield gap
Efy Biiys BTHRZ Contribution rate (%)
Year Site B IENTEASES T3 [K 2 Controllable factors Hbdok 2 5 R 3%
Non-controllable KA AL A 5 2 i e Bk Location factors
factors Excess nutrients input ~ Optimized cultivation measures  Current crop management
2017 84 Taian 60.58 11.20 14.89 13.33 —
1 Zibo 57.58 7.95 19.80 14.67 2.08
MHE Yantai 50.86 1.06 2721 20.87 1.59
2018 &% Taian 56.54 10.39 22.34 10.74 7.01
S1H Zibo 54.62 8.58 15.36 11.44 1.23
MHE Yantai 60.78 8.64 17.29 13.28 —
V34 Average 58.49 7.97 19.48 14.05 1.98

2.49%. 3.24%. fERIEEEEYY, KEREHAN. L
ARAREE HE AN 2 1T AR 20K 803 22 I s R R 5 607
HEMTTHRE B AR, R R 1R K7 >
MAAR S > KR IR, 0 iy s 2

11 50.91%-. 31.76%- 17.33% (£ 8) .

2.8 BEERFEESWREMXMESH

HIP 4 AT, R R R AN ] 3 2 I T P
ZEN e, BRI R ER R IEMOR R, TR —
TRENM TR, BEE RN, Ot EHEAT R
IR LA
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Table 8 Contribution rate of each factor to the efficiency gap

A s BTHRZ Contribution rate (%)
Year Site ETIENGELESES H[#E[K% Controllable factors Mol 22 5K % Location factors
Non-controllble ™ gryeymp X (RALAHEE  HATR AT JCHE AR AT
factors Excess nutrients Optimized Current crop Production efficiency of Production efficiency of
input cultivation measures management light energy temperature
2017 282 Taian 65.73 7.83 8.08 18.36 9.51 6.17
ifii T Zibo 62.95 5.25 13.71 18.10 — 4.88
& Yantai 56.06 6.68 14.86 22.40 5.03 —
2018 2842 Taian 69.03 3.29 11.42 16.26 — 3.47
¥ Zibo 72.27 5.49 8.79 13.46 — 4.93
% Yantai 70.50 6.71 7.76 15.02 0.37 —
34 Average 66.09 5.88 10.77 17.27 2.49 3.24
3 - ~ 20
—~ ©
3 E 15
2 &
= 2+ <
# 8 w B 10
88 % 8
&5 R E
g 1 4 3 05
qm Q
%i =3 00
£ 0 ¥-0.2976x 0.0836 & =0.1882x-0.0592
E R=0.931 g 2
z 5 0sf R*=0.9405
51 =
& 2
£
1 L L L L L ] g -1.0

o 0 2 4 6 8 10
P2 Yield gap (thm?)

-2 0 2 4 6 8
PR 2 Yield gap (thm?)

B4 LWFREAEERFEESHREBRREFSYERENRAR

Fig. 4 Relationship between yield gap and efficiency gap of summer maize in Shandong province
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ZEPE, HIBRA ST 5 X SR G 2 TR )7 2 U B
ST IR ARIGHE TR I, AR R AR A
KPS m =K Z A= 22 R, R
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TR RS A BT L, B I R e
% FE NG BN RS B 45 G, RARINAT IR B 1 it
S KR ok 2 2 B BRSO ZE BRI IE A/ 5 1) o 4411
R B FOKPR AR V5, 5B FP 55 HH Z Ml
X ZE BRI HAEFE R 10%LL E, Al
BN KA R 6.3 X100 t.

AINAR PRI g B ) 2 Ak 22 B,
FUMTT AR S7KT 52 H S KT IR 45 (1) 5
IR A AR 77 AR B AR HE T #R s AR o A 7
AR BN B PR AR ARRFSUR L, M
R ZACER PR TR R 14.05%, A6, il 7
A PR R AR FE I TTIR R 17.27% 0 1K 43 2200 2 3 2
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W45 S AN HE ARHE T $& T+ 2255 A& 7 A2 = 7K1 W] 4
Wik 0.45 g-MI" [P IGREAE P2 R 22 E A 0.28 kg-hm > C™!
(i 8 A P SR 2 R, A/ e R 25 1.35 thm?,
T AT A 1) R BN AT R — 20 4 N R R
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56 SRR R Y AT . AWl i AR
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