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Effects of rainfall harvesting planting combined with water-saving irrigation
on photosynthetic characteristics and yield of spring corn
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Abstract: Taking spring com( Zea mays L.) as the tested material, and the traditional irrigation methods (furrow
and border irrigation) as the control, a field test was conducted to determine the effects of rainfall harvesting planting
combined with water-saving irrigation (RHWI) on chlorophyll relative content (SPAD), photosynthetic parameters in
functional leaves and grain yield of spring corn. The results showed that, among the treatments with same irrigation time,
the net photosynthetic rate ( Pn ), transpiration rate( 7r) and stomatal conductance( Gs) of RHWI were increased by
10.57% ~16.15% , 4.10% ~ 9.24% and 15.38% ~ 33.33% , respectively, compared with those of furrow irriga-
tion; they were increased by 11.31% ~26.19%, 5.73% ~ 13.56% and 22.73% ~ 47.37% , respectively, compared
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with those of border irrigation; and they were increased by —0.12% ~26.19%, 0.16% ~9.95% and —4.35% ~
25.00%, respectively, compared with those of rainfall harvesting planting (PRH) . There was no significant difference
for the chlorophyll relative content (SPAD) and instantaneous water use efficiency( WUE ) between RHWI and furrow ir-
rigation, border irrigation as well as PRH. Compared with furrow irrigation, border irrigation and PRH, the yield of
RHWI was increased by 15.45% (P <0.05), 21.85% (P <0.05) and 3.28% , respectively, and the water use effi-
ciency (WUEy) of RHWI was increased by 39.82% (P<0.05), 53.13%(P<0.05) and 4.44% , respectively, un-
der the condition of irrigating 1 time at pre-sowing stage; the yield was increased by 7.06% , 18.42% (P <0.05) and
2.32% , respectively, and the water use efficiency (WUEy) was increased by 28.41% (P<0.05), 39.58% (P <
0.05) and 5.09% , respectively, under the condition of irrigating 1 time at flowering stage; the yield was increased by
5.03%, 14.57% (P <0.05) and 5.72%, respectively, and the water use efﬁciency( WUEy ) was increased by
40.23% (P <0.05), 54.70% (P <0.05) and 2.99% , respectively, under the condition of irrigating 1 time at pre-
sowing stage and 1 time at flowering stage. It was concluded that RHWI could improve the leaf photosynthetic perfor-
mance, and significantly promote the grain yield of corn under the condition of less irrigation volume.

Keywords: spring corn; rainfall harvesting planting combined with water-saving irrigation; photosynthetic charac-

teristics; chlorophyll relative content; yield
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Table 1  Rainfall during corn growth period in
2011—2012 at the experiment field

£y 480 sH 6 1A 8 Bt
Year Apr. May Jun. Jul. Aug. Total

2011 0 106.6 45.1 150.6 68.0 370.3
2012 8.8 70.2 30.2 116.8  166.0 392.0
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Table 2 The design of experiment treatments

i § . . VEE
B HEW T R/
Irrigation - Irrigation
. Irrigation method
period amount
L R S
1 time Rainfall harvesting planting combined 37.5
e with water-saving irrigation (M1)
irrigation
at pre-sowing  VA¥E (F1) Furrow irrigation(F1) 75.0
slage 7K F-MEE (B1) Border imigation (B1) 75.0
AR TTHE (M2)
HA%E 1 7]
ﬂ:ﬂalﬁ}j i{fe K Rainfall harvesting planting combined 37.5
AT with water-saving irrigation (M2)
rrigation
at flowering VEHE (F2) Furrow irrigation(FQ) 75.0
stage TKF-HERE (B2) Border irrigation (B2) 75.0
TR 1K+ 90 (V3)

JFAEWIHE 17K Rainfall harvesting planting combined 75.0
1 time irrigation  with water-saving irrigation (M3)
at pre-sowing

stage + 1 time VI (F3) Furrow irrigation(F3) 150.0
irrigation at
flowering stage X FREHE (B3) Border imigation (B3) 150.0
LARAEK
No irrigation V2B RPAE (M) 0

in whole growth  Planting of rainfall harvesting (M)

period
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Table 3 SPAD value of spring corn at different stages

under different treatments

AR
fhgm Chlorophyll relative content(SPAD)

freatments Pt g R

Jointing Heading Filling

M1 362.2a 344.7a 325.9a

F1 355.5ab 328.0a 293.2a

Bl 353.4ab 320.8a 280.1a

M 346.4b 326.3a 296.9a

M2 346.4b 327.8a 313.5a

F2 344.1b 306.1a 297.6a

B2 344.6b 302.6a 283.8a

M 346.4b 326.3a 296.9a

M3 362.9a 342.3a 332.1a

F3 356.9ab 327.4a 303.2a

B3 352.7ab 318.2a 292.8a

M 346.4b 326.3a 296.9a

T [AFUARNG F-5E 3R Ab B R] 22 57 .2 (P < 0.05) , Rl

Note: Different small letters in the same column mean significant differ-

ence at 0.05 level among treatments. The same below.
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Table 4 Pn, Tr and WUE of spring corn at different stages under different treatments

UL (Pn)

Net photosynthetic rate

Transpiration rate

Wk IR 2K 53 AR (WUE )

Instantaneous water use efficiency

A3 /(pmol-m~2+571) /(mmol-m~2+5"1) /(pemol *mmol =)
Treatments

WM il 1 R AT i R P e T

Jointing Heading Filling Jointing Heading Filling Jointing Heading Filling
M1 30.17a 38.28a 23.13a 6.95a 6.73a 6.19a 4.35 5.70a 3.73
Fl 26.72b 34.59h 20.03a 6.38h 6.21b 5.88a 4.18a 5.58 3.43a
BI 25.13h 32.53h 18.33a 6.12¢ 5.97b 5.71a 4.12a 5.51a 3.22a
M 26.56h 34.20b 20.87a 6.43h 6.13b 5.90a 4.14a 5.59 3.5%
w2 26.73h 34.16b 22.50a 6.44b 6.14b 6.09 4.17a 5.58 3.69
F2 23.38¢ 30.70¢ 20.35a 5.91¢ 5.71¢ 5.85a 3.94a 5.44a 3.48a
B2 2.67¢ 30.69¢ 19.13a 5.86¢ 5.68¢ 5.76a 3.87a 5.44a 3.35a
M 26.56h 34.20b 20.87a 6.43h 6.13b 5.90a 4.14a 5.59% 3.5%
M3 30.24a 38.42a 24.53a 6.95a 6.74a 6.35a 4.36a 5.71a 3.87a
F3 26.63b 34.47h 21.12a 6.40b 6.17b 5.97a 4.17a 5.59% 3.5%
B3 25.29h 32.80b 20.23a 6.14c 5.97h 5.89a 4.12a 5.51a 3.44a
M 26.56b 34.20b 20.87a 6.43b 6.13b 5.90a 4.14a 5.59 3.5%
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Table 5 Gs and Ci of spring corn at different stages under different treatments

SALFE (Gs)/(mmol*m™?

+s7h)

JalE) CO, ¥RBE(Ci)/(pmol-m=2+s~1)

fb 3 Stomatal conductance Intercellular CO, concentration
Treatments P TR e i itz e
Jointing Heading Filling Jointing Heading Filling

M1 0.30a 0.27a 0.19a 98.86d 160.60a 210.17b
F1 0.26a 0.21b 0.15b 125.89¢ 173.20a 272.33ab
B1 0.23b 0.19b 0.13b 145 .46b 183.90a 286.83a
M 0.27ab 0.23b 0.16b 121.00c 172.20a 232.00ab
M2 0.27ab 0.22b 0.18a 123.50c 175.70a 210.33ab
2 0.22b 0.18b 0.15ab 163.23a 198.20a 263.17a
B2 0.22b 0.16¢ 0.14b 167.65a 200.90a 276.67a
M 0.27ab 0.23b 0.16b 121.00c 172.20a 232.00ab
M3 0.31a 0.28a 0.20a 99.17d 160.80a 187.67b
F3 0.26b 0.21b 0.16b 125.10c¢ 174.30a 243 .83ab
B3 0.24b 0.19b 0.15b 143.82b 188.70a 274.00a
M 0.27ab 0.23b 0.16b 121.00c 172.20a 232.00ab

Jil) CO, ¥ FE AR A 5 064 R iy S IR B A
K Bl A B A, M) CO, Vi BB T K
PATIARNRER I, VA HE EE A A B ] CO, YR
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B A A5 A P 2 ) 25 F /N EVE LB
M1.B3 5 M3 ZRE K. 5 MAHE, M2 7E4 75 W A1
FHUHE S 34 B2 5, BESR AR 9.34% , M1 M3 | 1
AR, PR R B, FLUF2.F3 5 M AH
U IR T B B RE S A B i, Hrp 3 ] 2 3 M

EHE 32.17% . B1.B2.B3 4B MLIA] CO, HeFE
WART M, HER T =R B,
2.4 FAELEMNEERFEMASFIARENE
i
2% 6 AT, B W9 1 E AL B OK 7 i PR AR A
i B 1 15 R 5% O 1) Y T e AL B AR T I
AR PR A BV E  BEE RN M SE IR 2. 08% ~
7.30%,M3 5 B3 255 35 M AN, HE |
QLB A F3 4 1.04% , HARY/NF Mo WY
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Table 6 The yield and WUEY of spring corn under different treatments

ISty SN A TR AR R f’% 7kﬁ$fjrﬂ§k$
Treatments Ear length Ear diameter Kemels per Weight per 100 Yleldi Water use efficiency( WUEy)
/cm /cm spike grains/g /(kg*hm~2) /(kg*mm™!+hm~2)
M1 18.84ab 18.84ab 532a 36.39h 12910.63a 33.31a
F1 17.91b 17.91b 490ab 34.21c 11182.92¢ 23.82h
BI 17.65b 17.65b 475h 33.46¢c 10595 . 54c 21.75b
M 18.30ab 18.30ab 506ab 37.28a 12501 . 06ab 31.89a
M2 18.68ab 18.68ab 519ab 37.08ab 12791.52a 33.51a
2 18.23ah 18.23ab 514ab 34.85¢ 11947..96ab 26.10b
B2 17.62b 17.62b 475ab 34.15¢ 10802. 19¢ 24.01b
M 18.30ab 18.30ab 506ab 37.28a 12501 .06ab 31.89a
M3 19.41a 19.41a 545a 36.39h 13216.33a 32.84a
F3 18.49ab 18.49ab 531ab 35.57¢ 12583.09ab 23.42h
B3 18.09h 18.09b 495h 34.93¢ 11535.92bc 21.23h
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