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Analysis of Light Interception and Dry Matter Accumulation of Maize, Soybean
and Peanut under Nitrogen Restriction
SHAO Yun,ZHANG Jie,LI Chun-xi,MA Guan-qun,HOU Meng,MA Yue-ying

(College of Life Sciences, Henan Normal University , Xinxiang 453007 , China )

Abstract: In order to describe the changes of crop light interception parameters under low-nitrogen condition, and provide
some proposals of allocation strategy for summer sown crops in the double-cropping area of the Huang-Huai-Hai Plain, we
explained the relationship between light interception and dry matter of three summer sown crops in nitrogen limitation
experiment with split-plot design in Huojia County, Henan Province, in which two nitrogen fertilizer levels of the main plot
were conventional nitrogen application level and no nitrogen, and three summer sown crops of the subplot were maize, soybean
and peanut, and analyzed the relationship between light interception and traits related to dry matter quality of the three crops
under nitrogen restriction. So leaf area index (LAI), leaf angle (LA) and crop canopy photosynthetically active radiation
(PAR) were measured continuously at five days in crop growth period, the above ground biomass and grain yield were
surveyed after the crops were harvested, and canopy interception photosynthetically active radiation (IPAR), light use
efficiency (LUE) and harvest index (HI) were calculated at last. The results showed that LAT and TPAR of the three summer
sown crops increased rapidly during the vegetative growth period, but decreased or increased mildly during the reproductive
growth period. Compared with conventional nitrogen level, LAI and IPAR of soybean in no nitrogen treatment were fallen
further than those of maize and peanut, which were gone down 9. 52% and 0. 94% respectively. In the same way, the yield of
maize, soybean and peanut in no nitrogen treatment declined by 8.31% , 2. 74% and 3.35% respectively, and the reduction
of soybean yield was the smallest among the three crops. Then with correlation analysis method, crops yield were all showed
significant or highly significant positive correlation with LAI or IPAR; and there was significant or highly significant positive
correlation between maize yield and LA, but significant negative correlation between soybean yield and LA, and highly
significant correlation between peanut yield and LA. Furthermore, the yields of the three crops showed a linear regression
relationship with LAI, LA and IPAR. Additionally, there was a positive logarithmic regression relationship between IPAR and

LAL In summary, in the condition of nitrogen stress, soybean maintains the largest LAI, the highest IPAR and the smallest
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reduction of biomass and grain yield in the three summer sown crops. Therefore, soybean could be selected to plant in low-

nitrogen farmland since it is affected least by nitrogen stress.

Keywords: Huang-Huai-Hai Plain; Summer sown crops; Nitrogen limitation; Light interception; Light use efficiency;

Biomass; Yield
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Table 1 Field management of crops

E BRI ok NG 1A

Management Maize

WA/ (A -H)

Soybean Peanut

6-11 6-11 6-9
Sowing date/ ( month-day )
kAW (A -H
( ) 9-25 10-13 10-13
Harvest date/ ( month-day)
FE A 2
7 25 33
Sowing density/ (#f+m2)
(53:E
600 400 400
Line spacing/mm
/N
250 100 150
Plant spacing/mm
1
i 45 35 35

Sowing depth/mm
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Table 2 The biomass, yield, harvest index and light use efficiency of different crops

Tt ALK (=7 Bk T Y B P W £ JERER 2
Nitrogen level Crops Biomass per plant/g Yield/ (kg-hm %) HI LUE/%
R A ES/S
239.59 £6.13 a 10047.34 +77.87 a 0.54 +£0.02 a 0.83+0.02 a
Conventional nitrogen Maize
K&
42.42 +0.93 b 5602. 19 +144.26 b 0.45+0.02 b 0.71£0.01 b
Soybean
1A
19.86 +0. 66 ¢ 2328.91 £51.63 ¢ 0.44 +0.03 b 0.61 +£0.02 ¢
Peanut
A Fok
215.54 +11.12 a 9212.02 +115.79 a 0.46 £0.01 a 0.70 £0.02 a
No nitrogen Maize
KE
39.90 £0.72 b 5448.52 +45.22 b 0.40 £0.01 b 0.63+0.02 b
Soybean
1A
16.90 +1.24 ¢ 2250. 83 £95.50 ¢ 0.41 +£0.02 b 0.50 £0.01 ¢
Peanut
F 1l 7] . , . .
3026.48 9783.52* " 33.37% " 213.69 " "
F value Crops
E-0l . .
. . 6.96" 12.10"* 45.21** 212.56" "
Nitrogen fertilizer
TEd > H L
2.33 1.03 3.48 1.15

Crops x Nitrogen fertilizer

R T BRI« pRiE2E , B — PR — i R T A R/NG TR R AR R R 22 A B B 3F (P <0.05) o F ™™ 43 Bl IRTE

5% 1% KV 122573 W% ,n =16,

All data in the table are average values + standard deviation, and different lowercase indicate significant differences between different crops at the

same nitrogen application level in each column(P <0.05). “and ** is marked as significant difference at the 5% and 1% levels respectively, n =16.
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R3 (EMFEMLRERFEREX N

Table 3 The correlation analysis of yield and light interception parameters

i ikl R LAT LA IPAR
Treatment Item Yield
MCK 7o Yield 1
LAI 0.698 * 1
LA 0.823" 0.983 "~ 1
IPAR 0.901** 0.863 "~ 0.202 1
M-N F=iE Yield 1
LAI 0.925** 1
LA 0.957** 0.842" " 1
IPAR 0.801" 0.710" 0. 195 1
SCK 7o Yield 1
LAI 0.897 " " 1
LA -0.687" 0.620" 1
IPAR 0.923** 0.894 " -0.257 1
S-N Fe o Yield 1
LAI 0.967 " 1
LA -0.821"° -0.626" 1
IPAR 0.911"* 0.852"* —-0.454 1
PCK 7o Yield 1
LAI 0.912** 1
LA -0.936" " 0. 349 1
IPAR 0.951"* 0.875"* -0.011 1
P-N P Yield 1
LAIT 0.986" " 1
LA -0.898" " 0.761" 1
IPAR 0.736 " 0.942 " 0. 059 1

TR S IFRIRAE 5% F 1% K L RERE 0 =16,

* and * " indicates significant correlation at 5% and 1% level respectively, n =16.
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Table 4 The regression equation of crop yield and light interception parameters

4b g [l 7 #2

F R?
Treatment Regression equation
MCK y, =12.881x, +4.271x, +10. 801x, —221. 86 1508. 74 * * 0. 998
M-N ¥, =57.485x, +5.642x, +9. 905x; —326. 488 99,75 * * 0.974
SCK ¥y =12.929x, —2.456x, +5. 446x; +117. 096 1108.57 * * 0.997
S-N v, =10.396x; —6.325x, +6. 101x; +114. 098 911.28* * 0.997
PCK ys =4.034x; —4.375x, +7.568x; +225. 139 44.46 * * 0.943
P-N ¥e =9.766x; —4.759x, +8.922x; +102. 985 49.48 * * 0. 949
T A BFIRTE 5% A1 1% K FEA BFERIASEER 0 =16.
*and ** indicate significant regression at 5% and 1% level respectively, n = 16.
100 - 100 1
[ LX)
80 80 T .
.
® 60 | ® 60
= = .
£ a0 f = 40
y=23.247In(x)+53.999 y=25.2In(x)+52.75
20 R2=0.9748 20 o R?=0.9031
0 | | | 0 1 1 |
0 2 4 6 0 2 4 6
LAI LAI
MCK M-N
100 100 1
80 80
S 60 R 60
=] ~
< <
& 40 & 40 +
20 y=30.471n(x)+44.88 20 y=36.79In(x)+39.85
i R2=0.9631 i R*=0.9534
0 L L L L L | 0 L I | I | )
0 1 2 3 4 5 6 0 1 2 3 4 5 6
LAI LAI
SCK S-N
100 100
80 80
S 60 | R 60 -
= =
& 40 + & 40 S
y=28.0981In(x)+39.721 y=28.29In(x)+4.07
20 R*=0.96 20 + R*=0.9278
0 I I | 0 I I 1 I )
0 2 4 6 0 1 2 3 4 5
LAI LAI
PCK P-N

& 4 IPAR #0 LAI [o])5 g £
Fig. 4 The regression curve of interception photosynthetically active

radiation and leaf area index
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