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Abstract

Chlorophyll (Chl) is generally positively related to corn grain yields; however, light-leaf-colored maize may also achieve
high yields. Thus, Chl is seemingly not a key parameter for maize producers. Modern maize cultivars (55) were divided
into four types, based on grain yields and ear leaf SPAD readings. The results revealed that there was no correlation
between the SPAD readings and corn grain yields across different maize cultivars. High-yield maize possessed higher
nitrogen, phosphorus, and potassium accumulation and utilization compared to that of low-yield maize; the N-transport
efficiency of low yield and high SPAD was the lowest among various types of maize. Under normal conditions, parameters
determining the high yield of maize in a sequence was leaf dry mass, Chl fluorescence indices, and light absorption flux
per leaf cross section. A higher absorption flux, accompanied by high energy dissipation ratios, reduced the difference
of trapped transport flux between high-SPAD and low-SPAD maize at high yield levels. At the low yield level, a higher
absorption flux per reaction center compensated for the loss of PSII reaction center numbers in low-SPAD maize.

Additional key words: chlorophyll fluorescence; cultivar; maize; nutrient; SPAD.

Introduction

Maize (Zea mays L.) is an economically important crop due
to its widespread commercial production and utilization.
Nutrient deficiencies and imbalances during the growing
season can lead to a yield reduction. Crop yields are
closely related to the uptake and utilization of nutrients,
particularly, macroelements, which include N, P, and K.
High-yield maize exhibited a greater N, P, or K uptake
efficiency, harvest index, and partial fertilizer productivity
in contrast to normal-yield maize (Qi et al. 2013). Higher
nutrient accumulation and appropriate nutrient distribution
within different plant organs enable maize to improve
photosynthesis, while accumulating additional dry matter
(Paponov and Engels 2003).

Chl, in its various forms, is the primary photosynthetic
pigment found in higher plants. Leaf Chl content is
correlated with the concentration of N in leaves and the
N fertilizer rate (Boegh et al. 2002). The SPAD (Soil and
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Plant Analyzer Development) Chl meter was found to be
a reliable, quick, and nondestructive tool for the direct
measurement of leaf Chl (Mielke et al. 2010). Liu et al.
(2016) and Lin et al. (2010) reported that SPAD readings
were highly accurate for predicting grain yields. These
findings were contradicted by Errecart ef al. (2012) and
Lindsey et al. (2016), who reported that SPAD readings at
early growth stages were not well correlated with yields;
however, late season measurements were shown to provide
the best prediction of yields. In contrast, Tong et al. (2008)
found no significant relationship between SPAD readings
and yields following the silking stage. Additionally, Costa
et al. (2001) suggested that not every maize cultivar
showed a high SPAD-yield correlation, and the correlation
coefficients between SPAD readings and grain yields were
typically lower. Although, the enhanced Chl content is
conducive to the capture of sunlight for leaves, it is not
always related to the increased grain production. Tomas and
Smart (1993) illustrated four possible types of sustained

Abbreviations: ABS — absorption flux; Chl — chlorophyll; CS — cross-section; DI — dissipated energy flux; ET — electron transport flux;
Fo — minimal fluorescence yield of the dark-adapted state; Fyy — maximal fluorescence yield of the dark-adapted state ; Fy — variable
fluorescence; HYHS — high yield high SPAD; HYLS — high yield low SPAD; KA — K absorption; KGPE — K grain production efficiency;
KHI - K harvest index; LYHS — low yield high SPAD; LYLS — low yield low SPAD; NA — N absorption; NHI — N harvest index; NGPE
— N grain production efficiency; PA — P absorption; PGPE — P grain production efficiency; PHI — P harvest index; PI — performance
index; RC — reactive center; RE — reduction of end acceptors at PSI electron acceptor side; SPAD — reading of relative leaf chlorophyll
content; TKA — total K accumulation; TNA — total N accumulation; TPA — total P accumulation; TR — trapped energy flux TNA — total
N accumulation; TR — trapped energy flux.

Acknowledgements: We are grateful to Dr. Bing Luo (Hansatech Scientific Instruments Co., Ltd.), who guided us in the operation of
the Handy-PEA instrument, and assisted with the analysis of the fluorescence data. This work was financially supported by the National
Key Research and Development Program of China (No. 2017YFD0200100).

#These authors contributed equally to this work.

295



Y. WANG et al.

greenery in leaves. Particularly, two of these appeared to
be green but were lacking photosynthetic competence.
Conversely, there were abundant Chl-deficient C; mutants
with reduced amounts of light-harvesting proteins in their
thylakoid membranes (Havaux and Tardy 1997, Polle et
al. 2000). However, the photosynthetic rates, on a per Chl
basis, were higher in Chl-deficient mutants (Tetali et al.
2007). It means that Chl deficiencies do not necessarily
affect the assimilation of CO, in plants (Li ef al. 2013).

In production, leaf color is hardly used as a breeding
standard for high yield in maize, and maize cultivars with
dark or light leaves can both achieve the same yields.
Therefore, how does low Chl produce higher grain yields
in maize? Further, why does not high Chl in maize attain
higher grain yields? In this paper, we compared the nutrient
utilization efficiencies and photochemical characteristics
of leaf PSII in high and low SPAD maize cultivars at
two yield levels, and evaluated the impact of leaf color
on nutrient absorption, the utilization of corn, and yield
formation.

Materials and methods

Site description: Field experiments were conducted in
Changge county (34°27'N 113°34’E), Henan province, in
Central China. During the maize growing season (Fig. 1S,
supplement), the average daily air temperature and total
precipitation were 29.8°C and 487.4 mm, respectively,
in 2017 (June—October). Prior to experimentation, soil
samples extracted from the upper 20-cm layer were
collected for chemical analyses. The soil type was
fluvoaquic soil of pH 7.4, with an organic matter content
of 18.33 g kg' (020 cm), total N of 1.58 g kg!, available
P 0f20.83 mg kg!, and available K of 142.52 mg kg™'.

Experimental design and management: The proposed
study was laid out in a randomized complete block design
with three replications. A total of 55 maize cultivars, which
are widely cultivated in Huang-Huai-Hai plain, were used
for the experiment, with the specific name of maize listed
in Table 1S (supplement). Seeds were mechanically sown
on 10 June at a hill spacing of 0.60 x 0.27 m, with 61,725
plants ha™!, with the dimensions of each plot being 4 x 10 m.
Nitrogen [180 kg(N) ha™'] in the form of urea was applied
in two splits with 50% at basal and 50% at the 10-leaf
stage (45 d after sowing). Phosphorus [90 kg(P,Os) ha™']
in the form of calcium superphosphate, and potassium [90
kg(KCl) ha™'] were applied as a basal dose. Nicosulfuron
and atrazine were applied at 3-leaf stage to control weeds,
and thiophanate-methyl and lambda-cyhalothrin were
applied at 8-leaf stage to prevent diseases and insects.

Chl measurements: Chl meter readings were obtained
using a hand-held dual-wavelength meter (SPAD-502,
Minolta Camera Co., Ltd., Japan) from the mid-point of
the ear leaf at the maize silking stage (75 d after sowing).
Ear leaves of ten consecutive plants in one of the central
rows were labeled with small plastic tags, and SPAD value
was measured in the morning (08:00-11:00 h).
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Leaf Chl a fluorescence was measured for 10 s using a
plant efficiency analyzer (PEA; Hansatech Ltd., King’s
Lynn, Norfolk, England), which emits light that is
centered at a 650 nm wavelength with an intensity of
3,000 pumol(photon) m2 s7!. The fluorescence emission
is detected by a high-performance PIN-photodiode with
an optical design and filtering that ensures maximal
response to longer wavelength fluorescence signals. These
measurements were taken from (30 min dark-adapted) ear
leaves on the second day after SPAD assay, where five
tagged leaves in each plot were measured for each maize
cultivar. Each transient was analyzed according to the
JIP-test (Appenroth et al. 2001, Li et al. 2017), by utilizing
the original data: Fy (minimum fluorescence, when all PSII
reaction centers were open), Fy (maximum fluorescence,
when all PSII reaction centers were closed), V; (the
fluorescence intensities at 2 ms). The following equations
were used for the quantification of PSII behavior, referring
to time zero: (/) the flux ratios, the maximum quantum
yield of primary photochemistry (®ro), the efficiency with
which a trapped exciton can move an electron into the
electron transport chain further than Q}, (o), the quantum
yield of electron transport (®g,) and the quantum yield for
the reduction of end acceptors of PSI (®g,):

(Dpoz TRo/ABS =1- F()/FM,

lPQZ ET()/TR(): 1- V],

O, = ETo/ABS =[1 — Fo/Fu] % Wo;

(DDc:: 1 - (DPo: FO/FM’

®r,=RE(/ABS,

(2) specific energy fluxes per cross-section (CS) for
absorption (ABS/CSy), trapping (TRo/CSy), electron trans-
port (ETy/CSy), dissipation (DI/CSy), and PSI electron
acception (REy/CSy):

ABS/CS(): Fo;

TRy/CSp= Dp, x (ABS/CSy);

ETy/CSo= ®g, % (ABS/CSy);

DIy/CSo= (ABS/CSy) — (TRo/CSp);

REy/CSy= (ABS/CSy) x Dr,,

(3) the amount of active PSII reaction centers per excited
cross-section (RC/CSy):

RC/CSy= (ABS/CS,) x (TR¢(/ABS) x (RC/TRy) =

= FM X (Dp(, X V]/M(],

(4) the performance index (Plaps) and total performance
index (Plow) of photosynthetic apparatus on absorption
basis:

Plags= (RC/ABS) x [(TRy/ABS)/(1 — TR(/ABS)] x

x [(ETo/TRo)/(1 — ET¢/TRy)];

Pliowr = Plags X [(RE(/ETo)/(1 — RE(/ET))].

Plant sampling and nutrient measurements: At maturity
(115 d after sowing), five plants from each plot were
sampled, and then dissected into leaf, stem, cob, and grain.
These fresh materials were oven dried at 105°C for 30 min
and then at 75°C until a constant mass was achieved. The
grain yield of corn grains was adjusted to 13% moisture
content. The plant materials were ground to pass through
a 1-mm mesh screen, and then digested by H,SO, and
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H,0,. The total N and P concentration of the digested
samples was determined using an automated continuous
flow analyzer (Seal, Norderstedt, Germany). The total K
concentration of the digested samples was determined
with a flame photometer FP-640 (Precision Instrument
Co., Ltd., Shanghai, China).

Data analysis: The formula for calculating the absorption
and utilization efficiency parameters of the three nutrients
(N, P, and K) is identical. The example of N is introduced
as follows:

TNA [kg ha'] = plant N concentration [kg kg'] x plant
dry matter [kg ha™'];

NA in 100 kg of grains [kg] = TNA [kg ha']/corn grain
yield [kg ha™'] x 100 [kg];

NHI [%] = grain N accumulation [kg ha']/TNA [kg ha™']
%100 [%];

NGPE [kg kg '] = corn grain yield [kg ha'[/TNA [kg ha™']

where TNA is the total N accumulation, NHI is the N
harvest index, NGPE is the N grain production efficiency.
A one-way analysis of variance (ANOVA) was applied to
assess differences in each parameter using the Statistical
Software Package for Social Science (SPSS, version 19.0),
and the mean values of the treatments were compared on
the basis of the least significant difference test (LSD). The
graphs were plotted using the Origin 9.0 software program.

Results

Maize type classification according to yield and SPAD:
There was no clear linear relationship between the yield
and SPAD values for different maize cultivars (y =33.62 x
+ 6258.8, p = 0.225; Fig. 1). The 55 maize cultivars were
divided into four types based on the grain yield and leaf
SPAD (Tables 1, 1S): high yield high SPAD (HYHS), high
yield low SPAD (HYLS), low yield high SPAD (LYHS),
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low yield low SPAD (LYLS). The yield range of high-
yield type maize was 8,166.4-10,607.5 kg ha™!, and the
range of low-yield types maize was 6,098.3—8,088.7 kg
ha™' (Table 1). The SPAD range of high-SPAD type maize
was 55.9-66.3, and the range of low-SPAD type maize
was 43.1-55.5. The mean yield of high-yield type maize
was observed to be 18.1% higher than low-yield type
maize, whereas the mean SPAD of high-SPAD type maize
was 12.5% higher than low-SPAD type maize. The overall
percentage for the four types of maize was similar.

Dry mass distribution of different maize types: The
aboveground biomass of high-yield type maize was
significantly higher than that for low-yield type maize at
plant maturity stage (Fig. 2). No significant stem dry matter
change was observed among the different types of maize.
The leaf dry matter of the HYLS maize was significantly
higher than that of the LYHS and LYLS maize. The mean
corn dry matter of the HYHS and HYLS maize was 12.0%
heavier than that of the LYHS and LYLS maize.

Nutrient uptake and utilization of different maize
types: Plant TNA and TPA was statistically similar among
the four types of maize (Table 2). The plant TKA of the
high-yield type maize was 11.7% higher, in contrast to the
low-yield type maize, whereas, the LYHS was significantly
lower than that of the two HY types. The NHI in the high-
yield type maize was higher than that of low-yield type,
furthermore, the NHI in HYLS was 13.8% higher than
that of LYHS, which constituted a significant difference.
Nevertheless, no significant variations in PHI and KHI
were observed among the different maize types.

The NA in 100 kg of grains was shown as LYLS >
LYHS > HYLS > HYHS, where LYLS was significantly
higher than that of HYHS (Table 3). Similarly, the PA
and KA in 100 kg of grains of LY type maize was higher
than that of HY type maize. The trend of grain nutrients
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Fig. 1. Relationships between the yield
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70 and SPAD of 55 modern maize cultivars.
Values are means (n = 3).
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Table 1. Classification of 55 maize cultivars based on yield and SPAD. Different letters in the same column denote significant differences
according to the LSD post-hoc test (p<0.05) between different types of maize cultivars.

Type Yield [kg ha''] SPAD Count Percentage [%]
Range Mean Range Mean

HYHS 8,166.4-10,607.5 8,845.8* 57.0-66.3 59.1* 14 25.5
HYLS  8,259.1-9,346.0 8,865.0° 47.4-555 528 14 25.5
LYHS  6,098.3-8,050.0 7,585.1° 559-63.4 59.3* 12 21.8
LYLS  6,209.3-8,088.7 7,410.2> 43.1-552 525 15 27.2

I corn [ |Leaf |l Stem

350 |- a

ab

300

250

200

DRY MASS [kg ha™']

150

100

Fig. 2. Dry matter accumulation and distribution
in different types of maize cultivars. Additional
letters for the same organ denote significant
differences according to the LSD post-hoc test
LYLS (»<0.05) between the different types of maize
cultivars. Values are means = SD (n = 3).

50

HYHS HYLS LYHS
MAIZE TYPE

Table 2. N, P, and K uptake and utilization for different types of maize cultivars. TNA, total N accumulation; NHI — N harvest index;
TPA — total P accumulation; PHI — P harvest index; TKA — total K accumulation; KHI — K harvest index. Values are means + SD (n = 3).
Different letters in the same column denote significant differences according to the LSD post-hoc test (p<0.05) between the different
types of maize cultivars.

Type TNA [kgha']  NHI [%] TPA [kg ha'] PHI [%)] TKA [kg ha] KHI [%]

HYHS  225.6 £30.7* 51.4+£8.1®% 102.4+17.0° 58.1£5.7*  456.9+72.9° 21.4+4.0
HYLS  227.2+41.3* 520+£7.3* 109.0+16.2° 57.7+£82" 4440+71.3 24.1+5.6
LYHS  2145+494 45.7+72° 103.1£14.9° 56.0+£7.8° 387.9+56.3° 22.7+4.2°
LYLS 213.8 £41.0° 47.5+58" 99.7+21.2° 58.1 9.0° 418.4 £ 74.4® 21.8+3.5°

Table 3. N, P, and K absorption efficiency of grains for different types of maize cultivars. NA — N absorption; PA — P absorption; KA—K
absorption; NGPE — N grain production efficiency; PGPE — P grain production efficiency; KGPE — K grain production efficiency. Values
are means + SD (n = 3). Different letters in the same column denote significant differences according to the LSD post-hoc test (p<0.05)
between the different types of maize cultivars.

NA in 100 kg of

PAin 100 kg of KA in 100 kg of

T . NGPE [kg kg! . PGPE [kg kg . KGPE [kg kg
pe grains [kg] kg ke grains [kg] kg ke grains [kg] lg ke
HYHS 2.56+0.26° 40.0 £ 4.4° 1.16 £ 0.20° 89.0 £ 15.4° 5.05 £ 0.74® 19.8 £3.5¢
HYLS  2.64+0.44® 39.6 £5.2® 1.26 £0.20® 81.7+13.1* 5.02£0.76° 20.1 £3.9°
LYHS  2.87+0.57® 37.0 £ 6.3 1.38 £0.30* 75.7+15.2° 5.17 £0.67® 19.5+3.5°
LYLS 291 +0.54* 353+£5.4° 1.34 £0.24% 77.2 £13.6° 5.58 £ 0.69* 18.1 £3.0°
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Fig. 3. (4) Number of active PSII reaction centers (RC) per cross-section (CSy) and (B) absorption flux (ABS) per PSII reaction center in
different types of maize cultivars. Additional /etters denote significant differences according to the LSD post-hoc test (p<0.05) between

the different types of maize. Values are means + SD (n = 3).

Table 4. Specific energy fluxes per cross section (CS) for different types of maize cultivars. ABS/CS, — absorption flux per cross section
(CS); DIy/CS, — dissipated energy flux per CS; TRy/CS, — trapped energy flux per CS; ET,/CS, — electron transport flux per CS; RE,/CS,
— reduction of end acceptors at PSI electron acceptor side per CS. Values are means = SD (n = 3). Different letters in the same column
denote significant differences according to the LSD post-hoc test (p<0.05) between the different types of maize cultivars.

Type ABS/CS, DIy/CSo TR/CS, ETo/CSo RE/CS, Plags Pliotal

HYHS  555.8+58.0° 1656385  390.2+17.1° 220.2 £23.7* 129.7+142*  126%0.51*  1.82+0.49
HYLS 507.7£24.0° 132.7+£21.9* 375.0%16.7® 216.6 £ 19.3% 124.1 £9.5° 1.62 £0.59* 2.23 £0.56°
LYHS 509.7£25.6° 140.1£26.1°  369.6£20.7° 220.5 +14.2¢ 127.0 +£9.3* 1.61 £0.48° 2.19£0.39*
LYLS 520.6 £32.5°  157.0£31.1®  363.6£29.2° 199.7 £32.1° 1249+ 14.7*  1.13£0.53" 1.85£0.45°

production efficiency (NGPE, PGPE, KGPE) among the
four types maize was opposite to nutrients accumulation
in 100 kg of grains.

Leaf PSII photochemical characteristics of different
maize types: The number of PSII reaction centers per
cross-section (RC/CSy) of the LYLS was 6.6% lower in
contrast to the other types of maize, where the HYLS
was significantly higher than that of the LYLS (Fig. 34).
Absorption flux per PSII reaction center (ABS/RC) of
HYHS and LYLS was significantly higher than that of
other types (Fig. 3B).

Specific fluxes and quantum flux ratios are presented
in Table 4 and Fig. 4; the ABS/CS, of the HYHS was
significantly higher than that of other maize types, and the
DIy/CS, was significant positively correlated with ABS/
CS,. The ®@p, (DIy/ABS) of the HYHS and LYLS was 29.8
and 30.2%, respectively, which was higher than that of
the HYLS (26.1%) and LYHS (27.5%). The TRy/CS, of
the HY maize type was 4.4% higher in contrast to the LY
maize, where the LYHS and LYLS was significantly lower
than that of the HYHS. The ®p, (TRy/ABS) of the HYLS
and LYHS was 73.9 and 72.5%, respectively, which were
higher than that of the HYHS (70.2%) and LYLS (69.8%).
The ET¢/CSy of the HYHS and LYHS was significantly
higher than that of the LYLS, whereas the ®g, (ET,/ABS)
of HYHS was 7.1% lower in contrast to the HYLS, and the

@ of LYHS was 11.3% higher in contrast to the LYLS.
No obvious differences in RE/CS, of the different types
maize were observed, and, the ®g, (REi/ABS) of the
different types of maize was similar.

Pl was related to the function of the “whole” linear
electron transport, whereas Plags is related only to the
electron transport to the PQ pool, both of them had been
used in evaluating the functional activity of PSIL. Plags,
Plow of HYLS and LYHS maize were higher than the
others (Table 4).

Discussion

Correlation between SPAD readings and corn grain
yield: In the present study, the coefficient of determination
between the SPAD readings at the silking stage and yield
among 55 maize types was very low (72 = 0.028), and there
was no significant correlation (Fig. 1). Our results were
similar to those of Costa et al. (2001) and Ghimire ef al.
(2015), who found aweak correlation betweenthe SPAD and
yields among maize cultivars. However, most researchers
indicated that SPAD had a higher positive correlation with
maize yields (Rostami ez al. 2008, Ciampitti et al. 2012).
In general, these studies established a relationship between
SPAD values and yields under different N application rates
within a single maize genotype. Further, several studies
found a high SPAD-yield correlation across different
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26.1%b

31.2%°

30.2%°

31.4%°

18.3%"

HYLS

24.0%°

14.4%°

LYLS

Fig. 4. The flux ratios in different types of maize cultivars. Circled areas represent the relative ABS/CS,, I = O, (quantum yield for the
reduction of end acceptors of PSI per photon absorbed at t = 0), I + II = &y, (quantum yield for electron transport at t = 0), I + IT + III
= @y, (maximum quantum yield of primary photochemistry at t = 0), IV = ®p, (quantum yield for energy dissipation at t = 0). Different
letters in the 1, 11, I1I and IV, respectively, denote significant differences of ®@g,, Pro, Oro, Pno according to the LSD post-hoc test (p<0.05)
between the different types of maize cultivars. Values are means (n = 3).

maize cultivars (Waskom et al. 1996, Cai et al. 2010).
However, the selected number of varieties for these studies
was insufficient (<10). Additionally, Costa et al. (2001)
stated that the SPAD-yield relationships were stronger
for the more conventional hybrids. Therefore, previous
viewpoints might be correct; however, not as relates to
modern maize cultivars.

The use of relative SPAD as a N nutrition diagnosis
index was not affected by the cultivar, and the correlation
coefficients for the relative SPAD vs. the relative yield were
greater than SPAD vs. yield (Hawkins ef al. 2007, Ziadi et
al. 2008). It was concluded that the SPAD meter was more
useful as a diagnostic aid, rather than a N-management
tool for corn (Rashid et al. 2005).

Nutrients absorption and utilization response to leaf
color and maize yield: As there was no obvious correlation
between the SPAD and corn grain yields, the 55 maize
cultivars could be divided into four types, depending on
the average of SPAD and yields of all cultivars (Table 1).
The percentage of each maize type was approximately
25% (Table 1), which indicated that leaf color may not be
a significant indicator for modern maize producers.

The accumulation of dry matter was deemed to be an
important basis for corn yield formation (Tollenaar et al.
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2006). In the present study, the overall plant dry matter
of high-yield maize varieties was significantly higher than
that of the low-yield cultivars (Fig. 2). Besides, the leaf dry
matter of the high-yield maize cultivars was significantly
higher than that of the low-yield cultivars; however, no
obvious or significant differences in the stem dry matter
among the different maize types was observed (Fig. 2).
Also, previous studies considered that the development
of leaves was positively related to corn grain yields (de
Toledo Alvim et al. 2010). Although, the plant dry matter
of low-yield maize was less than that of high-yield maize,
the plant N and P uptake among different types of maize
was similar (Table 2). Different from N and P, higher K
accumulation promoted the transport of CO, assimilation
products from vegetative organs to reproductive organs
(Pan et al. 2017), which might be another reason for the
high yield of maize. The N and P absorbed within the high-
yield maize were primarily allocated to grain production,
whereas for low-yield maize, the N was retained in the
straw to a higher degree, especially for LYHS maize
(Tables 2, 3). Retention of N in the leaves and stems
might reflect an inability for N remobilization from
vegetative parts of the plant (Ning et al. 2013, Antonietta
et al. 2014). Rubisco was an important leaf N temporary
storage site, in order to recycle nutrients, the reduction of
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it was a necessary consequence (Wei et al. 2015, Mu et
al. 2016). And, degradation of Rubisco was triggered by
reactive oxygen species, which was accompanied with
plant senescence (Hortensteiner and Feller 2002). Hence,
the senescence rate of LYHS maize might be the slowest
during post-silking, and leaf possessing a stay-green trait.

The N, P, and K accumulations in 100 kg of low-yield
maize grains were significantly higher than that of high-
yield maize (Table 3). In order to achieve an equivalent
production level, low-yield maize typically consumed far
more chemical fertilizer than did high-yield maize.

Effect of leaf color on photosynthetic characteristics
of maize at different yield levels: For the present study,
the Chl a fluorescence transient, recorded at a high
temporal resolution, was analyzed by the JIP-test in order
to quantify the PSII behavior in different types of maize.
Plags, Pliow in HYLS and LYHS was higher, indicating
a greater integral functional activity of PSII, PSI, and
intersystem electron transport chain (Goltsev et al. 2016).
Generally, PI; was used to characterize plant resistance
to various environmental stresses, and its sensitivity was
higher than @y, (Stirbet ef al. 2018); however, Pl seemed
not to determine grain yields individually. In the absence
of environmental stress, parameters determining yield
were the leaf area (assuming that the leaf thickness was
consistent, the leaf dry mass determined the leaf area; Fig.
2), PI and absorption flux per CS.

At the high yield level, a higher absorption flux per
CS (ABS/CS;) was accompanied by a high percentage
of dissipated energy (®p,) within HYHS maize, which
reduced the difference in TRy/CS, between HYHS and
HYLS (Table 4, Fig. 4). At the low yield level, the density
of reaction centers of LYLS maize was lower than that of
the LYHS maize (Fig. 34); however, its absorption flux
per CS was higher than that of the LYHS maize (Table 4).
These results suggested that a greater absorption efficiency
of light energy per RC (ABS/RC) of the LYLS made up for
the insufficient quantity of RC (Fig. 3B). Additionally, we
detected that the electron transport flux per CS (ETo/CS,)
of high-SPAD maize was higher than that of low-SPAD
maize at the low yield levels (Table 4), which might be
related to the increased percentage of non-Qg-reducing
reaction centers (Strasser et al. 2004).

Conclusion: No significant correlation between leaf SPAD
readings and yields across different maize cultivars was
observed, and high-yielding maize possessed greater
accumulation and utilization of N, P, and K nutrients than
low-yielding maize. Furthermore, dry matter accumulation
in leaves, Pl (Plags or Plow), ABS/CS, in a sequence
determined the capacity for achieving high yields in
maize. At the high yield level, both the energy absorption
flux and dissipation ratios were enhanced with increased
chlorophyll, which narrowed the difference of trapped
transport flux between high-SPAD and low-SPAD maize.
At the low yield level, the density of the PSII reaction
centers of low-SPAD maize was reduced; however, the
higher absorption flux per reaction center made up for this
deficit.
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