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Characteristics of grain formation and leaf response to light and
CO, in semi-arid region under different cultivation patterns
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Abstract ; In order to explore the response mechanism of maize grain formation and leaf to light and CO, under

optimized cultivation pattern in semi-arid area, a two-year field experiment was conducted to study the effects of dif-
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ferent cultivation patterns on grain filling characteristics, yield formation, leaf photosynthetic response curve and re-
lated parameters of maize. The results showed that the 100—grain weight and average grain filling rate of T2 treat-
ment were significantly higher than those of T1 and CK treatments at each growth stage after silking. The average
filling rate of T2 treatment increased by 31.58% , 18.00% and 30.77% , 9.80% respectively compared with CK and
T1 treatments. The grain filling rate of T2 treatment reached the maximum at 20~30 days after silking, which was
significantly higher than that of T1 and CK treatments and increased by 33.91%, 10.04% and 26.28% and 14.99%
in 2017 and 2018 compared with CK and T1 treatments. The yield of T2 treatment was significantly higher than that
of T1 and CK treatments, and increased by 15.67% and 14.03% respectively compared with T1 treatment. The net
photosynthetic rate of maize leaves of three treatments increased rapidly with the increase of light intensity 300 pmol
-m™ + s7". The net photosynthetic rate of T2 treatment was significantly higher than that of T1 and CK. The quan-
tum efficiency of optical compensation dots (AQE) of T2 treatment was significantly higher than that of T1 and CK
treatment, and decreased to the lowest value among the three growth stages ( V12,R1 and R3) at filling stage
(R3) with the development of growth stage. The light compensation point (LCP) and light saturation point ( LSP)
of T2 treatment were significantly higher than those of T1 and CK treatments, and the difference between LSP and
LCP of T2 treatment was the largest, reaching 1 871.6, 1 914.4, 1 891.9, 1 909.7, 1 848.6 wmol + m™> + ™" and
1 822.4 wmol - m™> « s™" at three growth periods ( V12, R1 and R3) in 2017 and 2018. The CO, compensation
point (CCP) , CO, saturation point ( CSP) , maximum net photosynthetic rate (CSP,) and carboxylation efficiency
(CE) were T2>T1>CK. The CCP of T1 and T2 treatments were significantly higher than that of CK. The CSP of T2
treatment was significantly higher than that of T1 and CK, and the difference between CSP and CCP of T2 treatment
was the largest, reaching 540.06, 558.87, 561.19, 539.13, 518.54 wmol + mol™" and 574.73 wmol - mol™" at
three growth periods (V12, R1 and R3) in 2017 and 2018. The CE of T2 treatment was significantly higher than
that of T1 and CK treatments at R1 and R3 stages. The maximum carboxylation efficiency (V,

cmax

) , maximum elec-

tron transfer rate (J ) and triose phosphate utilization ( TPU) of Rubisco of T1 and T2 treatments were signifi-

max
cantly higher than those of CK treatment. In conclusion, the optimized cultivation pattern (T2 treatment) main-
tained the photosynthetic capacity of leaves, promoted the use of weak light for photosynthesis, and increased the a-
daptability of maize to light and CO,. Thus, T2 treatment enhanced the transport capacity of photosynthetic products
and carbon fixation and carboxylation capacity of leaves, promoted grain filling, and improved the efficiency of re-
source utilization and maize yield. It is suitable for popularization and application in the semi-arid area of Western
Jilin Province.
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Table 1 Experimental treatment scheme

AR X WEAEHE/ (kg - hm™2)
fb _ E:‘f?alion r‘nffle ‘ Fertilizer amount
Treatment TEBLER  HEBEIT X
Irrigation Irrigation N P,05 K,0
quota/mm method
CK 0 JG None 0 0 0
T1 250 ) ‘{’LJ.{E: . 300 120 120
Furrow irrigation
T2 170 W 90
Drip irrigation
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Table 2 100 kernel weight of maize under different cultivation patterns

A b3 TFAEJG ] Time after silking/d
Year Treatment 5 15 25 35 45 55
CK 2.60+0.14¢ 6.23+0.33¢ 12.60+0.65¢ 15.86+0.81¢ 19.90+1.19¢ 21.57+2.23¢
2017 T1 2.95+0.18b 7.52£0.46b 14.53£0.81b 19.75+0.94b 25.06+1.03b 28.05+1.98b
T2 3.70+0.24a 9.50+0.37a 18.03£1.51a 23.65+1.37a 29.44+1.45a 33.06+1.81a
CK 3.08+0.35¢ 7.60+0.78¢ 13.27+1.04c 16.70+1.42¢ 20.57+2.29¢ 22.55+2.37¢
2018 T1 4.83+0.75b 9.95+0.83b 16.47+0.95b 21.11+1.94b 26.87+2.45h 30.20+2.02b
T2 5.93+0.69a 11.670.91a 18.83+0.84a 24.33+0.87a 30.43+1.83a 34.07+1.58a

T : [ — AR A B AL )/ NE SRR 22 53 8.3 (P<0.05) |, T IR,

Note: The difference is significant between different treatments in the same year with different lowercase letters ( P<0.05) , the same below.
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Table 3 Average grain filling rate of maize under

BT 10.04% 33.91%F1 14.99% 26.28%

P 2 JE AN AR A TR B, o] LR
AR O FOK P R AR R B 2, T1 5 T2 AbFR
50 d P EMER R/ (g - d) B KPR B 2 T CK A3 T2 AhBRAY E K=

different cultivation patterns

Trﬁint Average grain filling rate of 50 days ﬁﬁjﬁ%%? T1 ALI‘IE , /H\ ':F' ,2017 ﬁfﬂl 2018 ﬁgéj\
2017 2018 FIBEINT 15.67% F1 14.03% , 156 A AR Ak 3% 15 5 Jiti v]

CK 0.3820.02¢ 0.390.01c DABR G B i, AR SRR £ 1 X5 F oK =
Tl 0.500.01b 0.51£0.01b TR 2 ARG S RAR 403 1 EAE X 7 £ A 5 )
T2 0.59:0.02a 0.56+0.02a AN 2 XU B AN () S 55 452 RS [R] A4 X 6 oK 7™

R R M S R] , Xt A SR e — 2
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Fig.3 Light response curve of maize leaves at different growth stage under different cultivation patterns
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Table 4  Correlation parameters of light response of maize leaves under different cultivation patterns

W S 2017 2018
Growth stage Parameter CK Tl ™ CK Tl ™
AQE/ (mol + mol™") 0.069h 0.114a 0.122a 0.066b 0.121a 0.131a
LCP/(pmol - m™2 - s7") 30.8¢ 42.7h 56.9a 3l.1c 48.4b 60.1a
Vi2 LSP/(pmol + m™2 « s71) 1633.8¢ 1818.3b 1928.5a 1564.8¢ 1854.6b 1974.5a
R,/(pmol + m™ - s7") 1.39h 1.86a 2.02a 1.48b 1.78a 1.98a
A/ (pmol - m™2 « 57 25.78b 34.79a 38.04a 26.09b 35.71a 39.12a
AQE/ (mol - mol™") 0.066h 0.115a 0.123a 0.070b 0.118a 0.124a
LCP/(pmol - m™2 - s71) 41.7¢ 55.1b 62.4a 36.5¢ 47.2b 55.7a
R1 LSP/(pmol + m™2 « s71) 1586.9¢ 1831.5b 1954.3a 1633.2¢ 1817.2b 1965.4a
R,/(pmol - m™ - s71) 1.58¢ 1.94b 2.38a 1.56¢ 1.88b 2.32a
Ao/ (pmol - m™2 « 57" 24.59h 33.49a 37.17a 25.03b 35.15a 38.66a
AQE/ (mol » mol™!) 0.050¢ 0.081b 0.098a 0.053¢ 0.078h 0.097a
LCP/(pmol + m™2 - s71) 30.2¢ 44.8b 50.9a 32.6¢ 47.3b 56.1a
R3 LSP/(pumol » m™2 « s71) 1440.2¢ 1717.3b 1899.5a 1482.6¢ 1604.8b 1878.5a
R,/ (pmol - m™2 - s71) 1.36¢ 1.71b 1.87a 1.44¢ 1.62b 1.83a
A/ (pmol + m™2 « s71) 21.22b 29.77a 32.34a 20.18b 28.94a 31.73a

2.3 AR#FEERXTEXRMNF CO, N AL # 2 K 18

XBH

Kl 4 2 AR RIT £k 3 A4 & o 1
(V12,R1,R3) CO, M B AR fb I 0, T AR
4 CO, M BEEFE 0~200 wmol - mol '} B E CO, W &
(I3 IN, #5 AL BRI R P, 25 i, CK AR BRI in
OB L T1 ORI T2 AR BRI, 24 CO, ¥R BE &5 T 200
wmol + mol ™A, T2 ZbBEFI T1 ZbBRAY P, 4k 22 2% 15 1
& CO, MR E = T B CO, MR B IR e i) 4
B, FEF— COVREAMFT,CK b P, & B %
fIXF T1 AbEEFD T2 b3,

CCP .CSP .CSP, Ml CE J2&FIWifE P X} 5% CO,

WREE T SR 1) FE BLFE A, [ B ] s B A 0 FE AN TR
CO, MR BE 56 T i i i G A AR g 1 SO R] CO, vk
FEXHEYAER K TR, N3RS ATLUE T, AR
FEET Bk cep  CSP .CSP, I CE 7E 3 Nk
BRI E T2>T1>CK, 5 CK 4 #AH I, T1 5 T2
REFRAY cop ¥R ERN , T1 5 T2 A3 ] UG W
5, T2 AEERY CSP 16 3 MAEB R INY B E ST
T1 5 CK Ab3H, CSP, 7T DL WA Y FE CO, ¥ B 1 Al
WA TR AE S, T2 AEFREY CSP,FI CE 7E R1 Al
R3 Wt 25 F T1 A1 CK A#, sl ccp 5 csp
P22 MH, 7] & 3L E K 7 R4 CO, (4w I BE 7, T1
T2 4bFERY CCP 5 CSP W22 T CK A3, H.
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Fig.4 CO, response curve of maize leaves at V12, R1 and R3 stage under different cultivation patterns
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Table 5 Correlation parameters of CO, response of maize leaves under different cultivation patterns
B 2H 2017 2018
Growth stage Parameter CK Tl T2 CK T1 T2
CSP,/(pmol - m? - s_l) 25.31b 34.51a 37.22a 23.85b 33.33a 38.28a
CCP/( pmol - mol ™! ) 24.04b 34.17a 35.21a 23.01b 27.35a 28.74a
CSP/ ( pmol - mol™!) 515.25¢ 554.24b 575.27a 505.71¢ 565.58b 587.67a
Vi2 CE 0.104b 0.138a 0.146a 0.102b 0.135a 0.146a
V...../(pmol - mol™) 39.52h 49.55a 57.87a 37.17b 46.96a 51.21a
J,../(pmol + mol™) 44.39h 60.38a 67.88a 31.93b 39.49a 44.22a
TPU/ ( umol + mol™") 5.32b 6.99a 7.58a 4.87h 7.25a 8.01a
CSP,/ ( pmol - m?-s") 24.12¢ 31.13b 36.08a 24.15¢ 30.14b 35.15a
CCP/ ( pmol -« mol™!) 23.28b 33.82a 34.04a 22.32b 31.51a 34.58a
CSP/ ( pmol - mol™") 506.75¢ 564.69b 595.21a 513.68¢ 550.13b 573.71a
R1 CE 0.075¢ 0.114b 0.129a 0.083c 0.109b 0.118a
Va/ (pmol = mol™") 39.01b 48.16a 54.68a 41.20b 49.07a 54.50a
J e/ ( pumol mol™") 42.33b 55.73a 62.33a 35.78b 50.69a 58.52a
TPU/ ( pmol - mol ™! ) 5.09b 7.42a 8.10a 5.61b 6.63a 7.23a
CSP,/( pmol - m? - s_l) 16.04c¢ 28.69h 32.88a 15.89¢ 27.26b 32.04a
CCP/(pmol + mol™") 26.17b 32.25a 33.24a 24.32b 36.31a 37.85a
CSP/ ( pmol - mol™!) 475.25¢ 530.78b 551.78a 492.53¢ 585.12b 612.58a
R3 CE 0.050¢ 0.102b 0.117a 0.052¢ 0.098h 0.113a
V,oo/Cpmol + mol™!) 28.03h 48.19a 56.96a 26.79h 49.37a 57.96a
J e/ (pmol - mol™") 38.83b 60.28a 69.49a 42.86b 63.36a 69.07a
TPU/ ( pmol + mol™") 3.89b 6.48a 7.19a 3.71b 7.03a 8.11a
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