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Effect of integrated agronomic managements on leaf growth and endogenous
hormone content of summer maize

YU Ning-Ning, ZHANG Ji-Wang", REN Bai-Zhao, ZHAO Bin, and LIU Peng

State Key Laboratory of Crop Biology / Agronomy College of Shandong Agricultural University, Tai’an 271018, Shandong, China

Abstract: The leaves are the main place of photosynthesis directly related to the nutritional status, dry matter accumulation and
yield formation of maize plants. The experiment was conducted using summer maize hybrid Zhengdan 958 with treatments of T1:
local conventional cultivation practices; T2: based on T1, increasing planting density, delaying harvesting time, decreasing fertil-
izer application, and changing fertilization time; T3: based on T2, further increasing planting density, and further increasing fertil-
izer rate; T4: based on T3, decreasing planting density and the amount of fertilizer; and nitrogen treatments of NO, N1, N2, and N3,
with 0, 129.0, 184.5, and 300.0 kg N hm?2, respectively. The contents of IAA, ZR, and GA; decreased and the content of ABA
increased, resulting in the decreases of SPAD, leaf area index (LAI) and specific leaf mass, when nitrogen application was not
enough. And the contents of IAA, ZR, and GA; increased, and ABA content decreased, and LAI, SPAD and dry matter accumula-
tion per plant increased significantly with increasing nitrogen application. Integrated agronomic management practices could
regulate the content of endogenous hormones in leaves. In T4 treatment, IAA, ZR, and GAj; contents increased by 23.1%, 9.8%,
and 14.7%, the ABA content decreased by 12.4%, resulting in a suitable LAI; SPAD and final dry matter accumulation per plant
were by 4.2% and 12.6% higher, respectively, than those in T1 treatment. Integrated agronomic managements could coordinate
endogenous hormone contents, increase leaf SPAD and specific leaf mass, and be beneficial to dry matter accumulation per plant
under the condition of reducing nitrogen application combining with optimal agronomic managements, which might be one of the
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important reasons for increasing summer maize yield.

Keywords: integrated agronomic management practices; leaf endogenous hormone; specific leaf mass; leaf area index;
SPAD; dry matter accumulation
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Table 1 Cultivation managements and fertilizer strategies for different treatments

1 M5
1.1

2009 -1 2016—
2017 (36°11'N,
117°06'E, 178 m) 958 (ZD958)
, (
) ,
, , 60 cm, 240 m?,
4
T1 ( ), Tl ,
T2 ( Y, T2
, , T3 (
), T3 , ,
T4( )
1 0 129 1845 300kgNhm™
4 NO NI N2 N3(
N2 , N2
30% NI, N3, NO),

X Seeding Periods and rates of fertilizer application (kg hm’z)
. Seeding rate Harvest date
Treatment Tillage method 4 ) date 7d
(x10" seeds hm ™) (m/d) . . L
(m/d) Fertilizer  Pre seeding  Jointing VT VT+7
T1 6 6/15 9/20 N 225
Straw-covering No tilling P 45
K 75
T2 6.75 6/15 10/1 N 45 115.5
Straw-covering Rotary P 45
tilling
K 45 30
T3 8.7 6/15 10/6 N 135 225 90
Straw-covering Rotary P 60 90
tilling
K 150 150
T4 7.5 6/15 10/6 N 30 90 64.5
Straw-covering Rotary P 30 25.5
tilling
K 30 70.5 30
T3 30 kghm? ZnSO, VT: Tl T2 T3 T4

Before sowing, T3 was applied with 30 kg hm™? ZnSO,. VT: tassel stage. T1, T2, T3, and T4 represent local conventional cultivation, an
optimized combination of cropping system and fertilizer treatment, treatment based on high-yield studies, and further optimized combination
of cropping system and fertilizer treatment, respectively. m/d: month/day.
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T4 ( ) VI2 R VT R3
46%), ( P05 17%), s —40
( K,0 60%) ZR TAA GA; ABA 2l
1.2 , Bio-TEK Elx-800
121 THRREZ (Vo)
(V12) (VT) (R3) 5, 1.3
110 30 min 80 s SigmaPlot 10.0 CurveExpert 1.3
1.2.2 rr@EfRIE4 (LA V6 V12 VT R3 , SPSS 17.0
R6 ( ) R 0 , N
2 FEREHH
(em?) = (cm) x (cm) x 0.75 2.1 LAI  SPAD
LAI=( x )/ 1 s s LAI
123 F#erthet 4% SPAD-502 VT ,N2 NO LAT 22.5%, N2
(Soil-plant Analysis Development Section, Mi- N3
nolta Camera Co., Osaka, Japan) , T3>T4>T2>Tl1 VT
(SPAD) V6 V12 VT R3 R6 10 ,T2 T3 T4 LAI Tl  9.4% 36.9%
s s 9:00—12:00 19.9%
SPAD (V6 V12 ,VT R3 R6 SPAD , , VT
) ( 1) SPAD ,N2 N3
124 vth#ESE V4 ( ) V6 V9 ( ;NI N2 N3 SPAD NO
8.0r
6.0}
< 40t
20t
0
601
a
(;:;) 50F
40}
30

Vo6 Vi2 VT R3 R6 V6 Vi2 VT R3 R6

Growth stage
1 HZERZEEXEE R LALF SPAD H§019(2017)
Fig. 1 Effects of different integrated management practices on LAI and SPAD of summer maize (2017)
Tl T2 T3 T4 NO NI N2 N3 0 129.0
184.5 300.0kgNhm? V6 V12 VT R3 Ré6
21 39 50 80 1lod " 7 0.05 0.0l ,ns
T1, T2, T3 and T4 are local conventional cultivation, an optimized combination of cropping system and fertilizer treatment, treatment based
on high-yield studies, and further optimized combination of cropping system and fertilizer treatment, respectively. NO, N1, N2, and N3 are 0,
129.0, 184.5, and 300.0 kg N hm™2, respectively. V6, V12, VT, R3, and R6 are jointing stage, loudspeaker mouth period, tasseling stage,
milking stage and maturation stage of summer maize, which are about 21, 39, 50, 80, and 110 days after sowing, respectively. ~ and "": sig-
nificantly different at P < 0.05 and P < 0.01, respectively, ns: not significant.
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9.9% 14.9% 12.9% T2 T3 T4 T1 12.3% 9.7%
SPAD V12 VT ; V6 T2 T3 T4 12.6%
T1 3.5% 6.7% 2.7%; R3 T2 T3 R VT
T4 T1 6.7% 4.7% 4.2%; R6 T2 , N1 N2 N3 NO 9.8%
T3 T4 T1 5.5% 23.5% 5.3% 24.5%  29.4%
2.2 ( 2) VT T2 T3 T4
2 s T1 23.9% 21.5% 23.9% 15d, T2 T3
, 2 s T4 T1 19.6% 15.6% 16.3% R3
N2 NO T2 T3 T4 T1 15.0% 17.1%
36.7% s 6.4%
350
2016 . 2016 P
300 = F .
* /'}C /,//’../0
250 r =y T
P Fo
200 | 4 i /e
T o150 ¢ V4 /:
g ns // **//
& 100 | f - §
= ns A7 P
2 sopms - *
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£ 350 ‘ : . ‘ : : : :
= 2017 . 2017
S 300 f 3 wk
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-
OV6 V12 VT R3 R6 Vo6 V12 VT R3 R6
Growth stage
B2 ZERZEEMNEFIRERTYRARIFIED(2016-2017)

Fig. 2 Effects of different integrated management practices on dry matter weight per plant of summer maize (2016-2017)

1

* Rk

0.05

0.01

, ns

The abbreviations and treatments are the same as those given in Fig. 1. “and *": significantly different at P < 0.05 and P < 0.01, respectively,
ns: not significant.

#2 FERZEEMEEKREEMHENFI2017)

Table 2 Effects of different integrated management practices on specific leaf mass (mg cm™) of summer maize (2017)
Treatment VT VT+15 R3
T1 2.09b 326¢ 234c¢c
T2 2.59a 390a 2.69a
T3 2.54a 3.77b 274 a
T4 259a 3.79b 2.49b
NO 2.04d 3.47d 2.54b
N1 224c¢ 3.58¢ 2.64b
N2 2.54b 395a 2.59b
N3 2.64a 3.66 b 2.79a

1 VT+15 15d (P <0.05)

The abbreviations and treatments are the same as those given in Fig. 1. VT+15 is 15 days after tasseling stage. Values within a column
followed by different letters are significantly different at P < 0.05.
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2.3 IAA T1 17.7% 9.3% 23.1%
2.3.1 IAA 3 5 IAA V4 232 ZR 5 ZR
VT , VT N V4 V12 S VT ,
s 1AA ,NI N2 N3 (4 N ZR
NO 14.8% 29.7% 25.8%; N3 N2 ZR
2.9% IAA R T4 ZR , T1
) T4>T2>T3>T1 T2 T3 T4 9.8%; T2 T3 T1 5.6% 3.3%
70
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=
)
on S50
\S)
5
S 40r
Q
<
<
30t
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V4 V6 V9 Vi2 VT R3 V4 V6 V9 Vi2 VT R3
Growth stage

3 SZAREEEMNERRME IAA E2HFIEQ2017)

Fig. 3 Effects of different integrated management practices on IAA content in leaf of summer maize (2017)

V4 V9 s 16d 29d 1 ** 0.01

V4 and V9 are the fourth leaf stage and ninth leaf stage of summer maize, which are about 16 and 29 days after sowing. The abbreviations and
treatments are the same as those given in Fig. 1. **: significantly different at P < 0.01.

ZR content (ng g”' FW)

Vi Ve Vo V2 VI R3 V&4 V6 V9 VI2 VT R3
Growth stage

El4 FERZEEWNEEAMNH ZR 2 EM2017)
Fig. 4 Effects of different integrated management practices on ZR content in leaf of summer maize (2017)
1 30" 0.01 , s
The abbreviations and treatments are the same as those given in Fig. 1 and Fig. 3. ": significantly different at P < 0.01; ns: not significant.

233 GA; , GA; 234 ABA 6 ABA
““M”” ) GA,; V4 VI2 , ,
,NI N2 N3 , ABA , N2
NO 17.7% 32.7%  25.9% ,  NO 15.3%; N1 N3 7.9%
GA; , 10.9% ABA T2
T4>T2>T3>T1 T2 T3 T4 GA; TI T3 T4 ABA Tl 4.7%

11.2% 4.1% 14.7% 5.1% 12.4%
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™

V4 V6 ' Vi2 VT R3
Growth stage

5 FERZEBWMEERMF GA; ZEMEN2017)
Fig.5 Effects of different integrated management practices on GA; content in leaf of summer maize (2017)

*k

1 3 0.01 , ns
The abbreviations and treatments are the same as those given in Fig. 1 and Fig. 3."": significantly different at P < 0.01, ns: not significant.
80 —e—T1
wx O T2
TITR
) - :
z
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'on
g 60+ r
5
E s0r -
<
o
< 40k L
30 1 I 1 1 I L L 1 1 1 L 1
V4 \ \E Vi2 VT R3 V4 Vo6 \C] Vi2 VT R3
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6 BEREEEMEERMHK ABA 2 EHEINQ017)
Fig. 6 Effects of different integrated management practices on ABA content in leaf of summer maize (2017)

1 30" 0.01 ,ns
The abbreviations and treatments are the same as those given in Fig. 1 and Fig. 3."": significantly different at P < 0.01, ns: not significant.

24 3 it
3 ,
, 0.764  0.841 LAI
SPAD  IAA ABA ., ZR/ABA ’ . LAI
GAJIAA  ZR/IAA IAA ;
. GAJIAA ZRIAA  ABA/GAs+
TAA+ZR) : ;

#3 MAMEK. ERTYRENFESNRERSENHXRY

Table 3 Correlation coefficients of leaf characteristics, dry matter weight per plant, yield with endogenous hormone contents

Correlation GA; IAA ZR ABA  ZR/ABA GAiIAA ZR/IAA ABA/(GA;+HIAA+ZR)
LAI -0.007  —0.807" -0.311 —0.6417  0.361" 0.791"  0.759™ 0.349
SPAD 0.434" —0.423" 0.113 —0.437" 0.519"  0.680™  0.571" 0.064
. -0.108  —0.634™ -0.176 0.093 -0.215 0.551"  0.623" 0.709"
Dry matter weight per plant
Yield 0.734" 0.753" 0349  —0.682 0.550 0.356 0.603 -0.755"

. 0.01  0.05
" and " indicate significant correlation at P < 0.05 and P < 0.01, respectively.



966

46

[15-16]
, 171 SPAD
[18]
SPAD!1, , , SPAD
[20]
2l , , LAl SPAD
[17]
SPAD
LAI  SPAD T2 T3 T4 LAI
; T3
LAI , ,
, T1
SPAD ,
[22-23]
[24]
T3 , T2
T4 T1 ,
, T4
ABA , ,
[25-28] CTK ,
ABA , ,
[29]
. ABA , [29-30] ,
IAA ZR  GA,
; ABA
, IAA ZR  GA;
L ABA ,

, SPAD ,
IAA ZR  GA;

ABA , T4 IAA ZR  GA; ,

ABA , T4 SPAD ,

References

[1] Chen X P, Cui ZL, Fan M S, Peter V, Zhao M, Ma W Q, Wang Z
L, Zhang W J, Yan X Y, Yang J C, Deng X P, Gao Q, Zhang Q,
Guo SW,RenJ,LiSQ, Ye YL, Wang Z H, Huang J L, Tang Q Y,
Sun Y X, Peng X L, Zhang J W, He M R, Zhu Y J, Xue J Q,
Wang G L, Wu L, An N, Wu L Q, Ma L, Zhang W F, Zhang F S.
Producing more grain with lower environmental costs. Nature,
2014, 514: 486—489.

(2] ) , , ,

, 2012, 45: 4794-4800.
Zhang Z S, Yang C, Gao H Y, Li G, Liu P. Relationship between
photochemistry activity and decrease in chlorophyll content dur-
ing senescence in leaves of stay green and quick-leaf-senescence
inbred line of maize. Sci Agric Sin, 2012, 45: 4794-4800 (in Chi-
nese with English abstract).

[3] Wang Y Y, Zhou R, Zhou X. Endogenous levels of ABA and cy-
tokinins and their relation to stomatal behavior in dayflower
(Commelina communis L.). J Plant Physiol, 1994, 144: 145—148.

(4] , .

,2010, 43: 123—-131.

Zhang Z G, Shang Q M. Photosynthetic characteristics of pepper
leaves under low temperature, weak light and salt stress. Sci
Agric Sin, 2010, 43: 123—131 (in Chinese with English abstract).

[5S] Wang X, Below F E. Cytokinins in enhanced growth and tillering
of wheat induced by mixed nitrogen source. Crop Sci, 1996, 36:
121-126.

[6] Chen J G, Cheng S H, Cao W X, Zhou X. Involvement of en-
dogenous plant hormones in the effect of mixed nitrogen source
on growth and tillering of wheat. J Plant Nutr, 1998, 21: 87-97.

[7]1 Radin J W, Ackerson R C. Water relation of cotton plants under
nitrogen deficiency: III. Stomatal conductance, photosynthesis
and ABA accumulation during drought. Plant Physiol, 1984, 67:
115-119.

[8] Sakakibara H, Takei K, Hirose N. Interactions between nitrogen
and cytokinin in the regulation of metabolism and development.
Trends Plant Sci, 2006, 11: 440—448.

[9] Jin L B, Cui HY, Li B, Zhang J] W, Dong S T, Liu P. Effects of
integrated agronomic management practices on yield and nitro-
gen efficiency of summer maize in North China. Field Crops Res,
2012, 134: 30-35.

[10] , ; ; , ,

, 2014, 47:
2949-2959.
Zhu K L, Jin L B, Dong S T, Zhao B, Liu P, Zhang J W. Effects of
integrated agronomic practices on leaf senescence physiological
characteristics of summer maize. Sci Agric Sin, 2014, 47:
2949-2959 (in Chinese with English abstract).



967

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

,2013, 39: 2009-2015.
Jin L B, Cui HY, Li B, Zhang J W, Dong S T, Zhao B, Liu P,
Zhang J W. Effects of integrated agronomic practices on nitrogen
efficiency and soil nitrate nitrogen of summer maize. Acta Agron
Sin, 2013, 39: 2009-2015 (in Chinese with English abstract).
Liu Y, Ding Y F, Wang Q S, Meng D, Wang S. Effects of nitrogen
and 6-benzylaminopurine on rice tiller bud growth and changes in
endogenous hormones and nitrogen. Crop Sci, 2011, 51:
786-792.
Gitelson A, Peng Y, Arkebauer T, Schepers J. Relationships be-
tween gross primary production, green LAI, and canopy chloro-
phyll content in maize: Implications for remote sensing of pri-
mary production. Remote Sens Environ, 2014, 144: 65-72.
Sade N, Umnajkitikorn K, Rubio M, Wright M, Wang S, Blum-
wald E. Delaying chloroplast turnover increases water-deficit
stress tolerance through the enhancement of nitrogen assimilation
in rice. J Exp Bot, 2017, 69: 867—878.

5 5 > > > >

,2010, 36: 871-878.
Chen C Y, Hou H P, Li Q, Zhu P, Zhang Z Y, Dong Z Q, Zhao M.
Effects of panting density on photosynthetic characteristics and
changes of carbon and nitrogen in leaf of different corn hybrids.
Acta Agron Sin, 2010, 36: 871-878 (in Chinese with English
abstract).

5 > > > >

2019, 45: 248-255.

Wu HY, Zhang Y J, Zhang W F, Wang K R, Li S K, Jiang K D.
Photosynthetic characteristics of senescent leaf induced by high
planting density of maize at heading stage in the field. Acta Agron
Sin, 2019, 45: 248-255 (in Chinese with English abstract).

Liu Z, Gao J, Gao F, Ren B Z, Zhao B, Liu P, Zhang J W. Photo-
synthetic characteristics and chloroplast ultrastructure of summer
maize response to different nitrogen supplies. Front Plant Sci,
2018, 9: 576.

SPAD , 2000, 20: 6-8.
AiTC,Li FM, Zhou Z A, Zhang M, Wu H R. Relationship be-
tween chlorophyll meter readings (SPAD Readings) and chloro-
phyll content of crop leaves. J Hubei Agric Coll, 2000, 20: 6-8
(in Chinese with English abstract).

. ,2003, 24(1): 4-7.
Tang Y L, Wang R C, Wang X Z, Li Y H. Study on the leaf area
index and biochemical contents of rice blade by the spectral
method. J South China Agric Univ, 2003, 24(1): 4-7 (in Chinese
with English abstract).
,2003, (8): 40-43.

Xie H, Shen R K, Xu C J, Qin Q Z. Experimental study on the
interaction of water and nitrogen and their relations with chloro-
phyll. China Rural Water Hydropower, 2003, (8): 40-43 (in
Chinese with English abstract).

(21]

(22]

(23]

[24]

[25]

(26]

(27]

(28]

[29]

[30]

s . SPAD
,2019,25(3): 14.

Ge J, Jiang X J. Effects of nitrogen application on photosynthetic
characteristics, SPAD value, grain yield and carbon and nitrogen
metabolism of flag leaves in wheat. Tianjin Agric Sci, 2019, 25(3):
1-4 (in Chinese with English abstract).
. ,2011, 19(1): 109-111.
Feng G, Li Y Y, Jing X Q, Wang L, Huang C L. Effects on agro-
nomic characteristics and yield of maize planting density. J Maize
Sci, 2011, 19(1): 109-111 (in Chinese with English abstract).
Jampatong S, Darrah L L, Krause G F, Barry B D. Effect of one
and two eared selection on stalk strength and other characters in
maize. Crop Sci, 2000, 40: 605-611.

s ,2014.
Gao Y. Effects of Planting Density and Nitrogen Application Rate
on Carbon and Nitrogen Metabolism and Grain Yield of Super
High-yielding Summer Maize. MS Thesis of Hebei Agricultural
University, Baoding, Hebei, China, 2014 (in Chinese with

English abstract).

> > s >

2005, 31: 1406—1414.

Chen X H, Liu K, Xi L L, Wang Z Q, Yang J C. Effects of soil
moisture and nitrogen on abscisic acid and cytokinin contents in
the aboveground plant parts of rice. Acta Agron Sin, 2005, 31:
1406—1414 (in Chinese with English abstract).

> > s

2008, 34: 1598-1607.
Liu R X, Guo W Q, Chen B L, Zhou Z G. Effects of nitrogen on
the antioxidant enzyme activities and endogenous hormone con-
tents of cotton leaf under drought stress and after soil re-watering
during the flowering and boll-forming stage. Acta Agron Sin,
2008, 34: 1598-1607 (in Chinese with English abstract).
Criado M V, Caputo C, Roberts I N, Castro M A, Barneix A J.
Cytokinin-induced changes of nitrogen remobilization and
chloroplast ultrastructure in wheat (7riticum aestivum). J Plant
Physiol, 2009, 166: 1775-1785.
Kamada-Nobusada T, Makita N, Kojima M, Sakakibara H. Ni-
trogen-dependent regulation of de novo cytokine in biosynthesis
in rice: The role of glutamine metabolism as an additional signal.
Plant Cell Physiol, 2013, 54: 425-432.
,2005, 11: 379-384.

Zhao P, Lin K H, Zheng Y. Effect of N and K nutrition on chlo-
rophyll content and endogenous hormones in the process of to-
bacco senescence. Plant Nutr Fert Sci, 2005, 11: 379-384 (in
Chinese with English abstract).

. ,2002, 21: 213-216.
Qiu D Y, Hu L Y. Effect of nitrogen levels on endogenous hor-
mones content of rapeseed (Brassica napus L.). J Huazhong
Agric Univ, 2002, 21: 213-216 (in Chinese with English
abstract).



