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Regulating effects of leaf source reduction on lodging resistance
and yield of summer maize varieties in dense planting
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Abstract: A two-factor split-zone experiment was conducted in 2019 and 2020. The experiment involved dif-
ferent density-tolerance maize cultivars ( main plot) and leaf source reduction intensity (sub plot). The two maize
cultivars were Zhengdan 958 ( compact) and Zhengda 12 ( semi-compact). The leaf source reduction intensity in-
cluding 1 leaf (D1), 2 leaves (D2), 3 leaves (D3) and 4 leaves (D4) of the plant were removed from top to bot-
tom one week before flowering, and the treatment with no leaves removal was used as control (CK). The plant mor-
phology, puncture strength and breaking force of the third internode at milk-ripe stage and waxy-ripe stage, grain
yield components of maize were analyzed to explore the response of lodging resistance and grain yield to leaf source
reduction. The results showed that the plant height, spike height, and spike coefficient were significantly lower by
1.03% .3.03% ,2.29% .6.17% and 1.32% 4.17%, and the stem diameter and dry matter per stem length were in-
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creased by 4.15% .33.94% and 1.91% .5.72% in D1 and D2 treatments compared to CK at lactation. At the waxy-
ripe stage, the puncture strength and breaking force of Zhengdan 958 under the D2 treatment were 26.51% and
32.44% higher than CK, and that in Zhengda 12 were 55.28% and 21.53% higher. During the filling stage, the solu-
ble sugars of Zhengdan 958 and Zhengda 12 increased by 2.91% and 10.83% respectively, and the lignin contents in-
creased by 2.74% and 6.90% under the D2 treatment, compared with CK. The cellulose contents of the D3 and D4
treatments were decreased by 1.17% and 0.47%, 11.57% and 13.72% than CK, respectively. The total lodging rate of
the D2 treatment was significantly decreased and the yield was the highest, Zhengdan 958 reached 11 203.90 kg -

hm™, Zhengda 12 reached 11 742.34 kg - hm™. In summary, reducing leaf sources improved the lodging resistance
of dense planting summer maize. There was leaf redundancy in the dense planting maize population. Therefore , moder-
ate removal of the top 1~2 leaves optimized the plant architecture of summer maize, improved the lodging resistance by
affecting stem diameter, allowing better distribution of dry matter, and finally increased the yield.

Keywords: leaf source reduction; summer maize; dense planting; plant traits; lodging resistance; yield
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Fig.1 Meteorological factors of summer maize growth period
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Table 1  Plant characters of different plant architectures of summer maize
) FLEIW Milky-ripe stage BEB Waxy-ripe stage
AE0Y A b3 — — — — — —
Year Variety Treatment  PRf/em  FEALF/cm ANES BRf/em  FEALR/om EANES
Plant height Ear height Ear coefficient Plant height Ear height Ear coefficient
CK 256.33a 101.33b 0.40b 259.33a 102.67b 0.40b
R 058 D1 256.00a 96.60c¢ 0.38¢ 258.00a 99.67¢ 0.39be
s D2 247.83¢ 94.33d 0.38¢ 252.33¢ 95.67d 0.38¢
Zhengdan 958

D3 252.67b 103.80a 0.41a 254.00b 104.00ab 0.41a
2019 D4 249.27¢ 103.00ab 0.41a 251.00c¢ 105.33a 0.42a
CK 278.67a 125.33a 0.45¢ 280.67a 126.00a 0.45¢
Tk D1 273.00b 125.67a 0.46b 276.67b 127.67a 0.46b
12 D2 271.36b 117.17d 0.43¢ 273.00c 119.67b 0.44d

Zhengda 12
D3 268.00c 120.00c 0.45¢ 275.00bc 126.00a 0.46b
D4 262.33d 123.33b 0.47a 267.67d 126.67a 0.47a
CK 258.00b 101.36b 0.39b 261.37¢ 108.10ab 0.41a
#5626 958 D1 258.50b 102.00b 0.39b 267.43b 105.67b 0.40a
D2 252.17¢ 96.33¢ 0.38¢ 256.90d 98.47¢ 0.38b

Zhengdan 958

D3 260.67ab 105.33a 0.40a 275.73a 110.97a 0.40a
2020 D4 263.33a 101.67b 0.39ab 269.27h 110.87a 0.41a
CK 275.33d 118.00be 0.43ab 277.57¢ 125.10a 0.45a
k12 D1 278.67bc 120.00ab 0.43a 281.93bc 124.13ab 0.44ab
D2 277.00cd 115.00¢ 0.42¢ 278.20c¢ 119.10b 0.43bc

Zhengda 12
D3 288.67a 121.00ab 0.42¢ 289.70a 122.03ab 0.42¢
D4 281.00b 122.67a 0.44a 285.53ab 123.03ab 0.43bc

T : [RIFVER S AN [N R 7R b BE ) 22 57 i 35 (P<0.05) o R IR,

Note: Values followed by different lowercase letters in the column indicate significant differences among treatments ( P<0.05). The same below.
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Fig.4 Internode dry weight under different treatments
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Fig.6  Puncture strength of stem internode under different treatments
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Fig.9 Lodging rate of summer corn under different treatments
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Table 2  Correlation analysis between lodging factors and yield

v SHERE YT BIRE e
EiEta . . .
Puncture  Breaking  Lodging Grain
Index .
strength  strength rate yield
FE#E Plant height -0.207 0.094 -0.027 0.063
AL Ear height -0.296 -0.107 -0.229  0.367
i 2
$h1i/{ﬁ -0.136  -0.194 -0.265 0.275
Ear coefficient
HRK -0.452" -0.382 -0.339 0.017
Internode length
ZXHl Stem diameter 0.483* 0.532* -0.462" 0.540"
S =
5 PR i 0.685* 0.803°* -0.302 0301
Internode dry matter mass
BAA T ] 4 B i
Dry matter mass 0.706 " * 0.808 " * -0.232 0.275

per stem internode

SRR .
Puncture strength 0.746 0.038 0.218
i
Breaking strength 0.005 0.380
BIRE Lodging rate ~0.316

e ow w FIRTE P<0.01 KF L ERRE, « FIRTE P<0.05 KT
TR,
Note: * = .

differences at P<0.05.

Significant differences at P <0.01; #* ; Significant

2.7 BBEMFEEEERFEREMBEEZNZMN

W3 3 FoR LR A PIARE G B, AN [R5 Ak 21
T AR K S A R R R AR U
WL AR P A AE D2 Ab PR, KR 958 1Y D2 AbFE
7E 2019 4FF1 2020 4 7= & 43 5l ik 11 000.67 kg -
hm 21 11 407.12 kg - hm™; 1IE K 12 () D2 Zb3543 51
ik 11 528.07 kg - hm > F1 11 956.61 kg - hm™, JFJi
X FORFEA TR FBR B s R 2 AN 1 3
AL B REAS 2 AR TS ARG o B R UR S B 2R
FEFERA 2020 FFE TR BEREAR /N T 2019 41,
FLBIR AL BT HB ER 958 Fed A pdi /b A IR s v AR T
IEK 12, 2019 4 fBEA 958 D1, D2 Ab B4 5% CK
/0 0.61 em F10.76 cm; 1E K 12 D1, D2 ZbHi%s CK
W70 0.90 em F10.69 em, D2 4bFE%E CK AH L BE %
0 BN AT R B5OR R TR, R SE B PR, 2019
A FBEA 958 D2 AbPE ORI F AR CK I 314 10.54%
(P<0.05) ; 1IEK 12 D2 Ab B H R HE 5 CK 4 16.15%
(P<0.05) ,

x3 FAEALETHFERTEMH

Table 3 Yield and yield traits under different treatments

)y iR BE WE/em  Hen  Jork  RECC R EREe e

Year Variety Treatment  Ear length  Ear diameter Bald tip Grain No. Kermel No. 100—'gram Yield _
length/cm per row per ear weight /(kg + hm™)
CK 16.20ab 50.91a 2.09a 29.50b 425.00ab 27.22bc 9543.42bc
. D1 15.98ab 51.12a 1.48b 31.11a 457.27a 28.68ab 10818.80ab
thiia?lsgﬁﬁ D2 16.75a 50.18a 1.33b 30.91a 442.55a 30.09a 11000.67a
D3 15.47be 48.64a 2.39a 27.78¢ 392.01b 26.65¢ 8619.72¢
2019 D4 14.69¢ 49.58a 2.66a 27.02¢ 396.64b 26.03¢ 8539.44¢
CK 16.70abc 50.09b 2.60b 28.11b 411.49a 28.78b 9766.38b
D1 17.61a 51.74a 1.70c 30.09a 460.5a 30.20a 11478.54a
Z}?e:njg(dJZIZ D2 17.38ab 50.88ab 1.91c 29.24ab 457.36a 30.55a 11528.07a
D3 16.50bc 52.03a 2.77b 27.51b 416.95a 29.88a 10280.50ab
D4 15.94¢ 50.66ab 3.62a 28.53ab 387.90a 28.69b 9178.16b
CK 15.32a 49.53a 0.30b 30.34b 448.67abc 26.91c 9958.02b
o D1 15.90a 50.84a 0.22¢ 31.27a 479.75a 28.69b 11358.11a
HEIF 958 D2 15.87a 50.39a 0.27be 31.76a 465.93ab 29.68a 11407.12a
Zhengdan 958
D3 15.58a 51.10a 0.39a 29.36¢ 424.97c 28.52b 9999.96b
2000 D4 14.61b 50.55a 0.39a 29.67be 437.74bc 26.99¢ 9746.70b
CK 16.15be 50.51abe 0.41ab 30.24cd 434.65bc 28.14b 10085.44b
D1 16.88ab 51.63ab 0.28c 32.28a 457.80ab 30.45a 11500.04a
Z}fnjgtd;}zu D2 17.16a 52.56¢ 0.33be 31.57ab 469.24a 30.88a 11956.61a
D3 16.06¢ 49.69bc 0.53a 30.89bc 456.28ab 26.89¢ 10113.70b
D4 15.96¢ 49.05¢ 0.42ab 29.64d 419.40c¢ 27.63bc 9557.95b
3 W @ FRAL R B BRI 7 R R B0 v B2, (AR R e £

FORAY Y E] AR 1 5 6 K ) B AR R B
FHORIEZR I Y Rk e A2 38 5ik 11 R BB 7 09 A
Jli R X AR ST A RS R 1~2 R AR
A TR R v RIREASE v AT AR A B AR A B AL AR K

IRBE S5, A0 5C 73 -t Uk 52, PR g AREASE v 4T 5
R E A G, AFIE A B, FORAERRAE N — 4>
RO, FURBR R S e R AR B R ) — Bl E N R
PUBIPE S RRILZE M o BE AR 5G| R A KA R R
AESRGURIIREE ) BEAL R -5 B IR AE T BTG
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