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Photosynthetic characteristics and its relationship with
nitrogen utilization efficiency of different coix cultivars

Nghiem Tien Chung'?, JIANG Ligeng'" , KONG Feiyang', Bui Thi Anh®
(1. Agriculture College of Guangxi University, Nanning 530004, China;
2. National Institute of Medicinal Materials, Ha Noi 10000, Vietnam;

3. Son La College. Son La 27000, Vietnam)

Abstract This study explored the relationship between leaf photosynthetic characteristics and nitrogen use efficiency
(NUE) of Coix cultivars. In early and late seasons of 2015, two pot experiments were conducted with four Coix
cultivars with high NUE (XL and QY) and low NUE (LL and CU). Data were collected at tillering, heading and maturity
stages to assess the relationship between leaf photosynthetic rate and chlorophyll fluorescence attribute. The
photosynthetic rate and NUE of functional leaves (specify the leaf e. g. upper fully expanded leaf) were determined at
heading stage. The results showed that the nitrogen uptake of high NUE cultivar LL and QL in the early and late seasons
were respectively 125.5% and 96.0% higher by than those in low NUE cultivar XL and CU. Compared with LL and CU
cultivars, the NUE on average of XL and QL were respectively 7.7% and 18.0% higher. The leaf photosynthetic rate
and chlorophyll content of the high NUE cultivar were significantly higher than those of the low NUE variety at tillering,
heading and maturity stage. At the same time, the photosynthetic rate and chlorophyll content of the high NUE cultivars

were lower than those of nitrogen inefficient varieties after tillering stage. The chlorophyll fluorescence parameters and

Wk B9 . 2017-11-16

FGIH . TV LI CE A A (20114 5

% —1E# . Nghiem Tien Chung. {8+ 854 . E-mail: nghiemtienchung@ gmail. com
WIRMEE - VLA B BU4% 2N S0 K FE R 55 5T E-mail : jiang@ gxu. edu. cn



52 O A K R it

2018 4F 5% 23 %

the photosynthetic rate of functional leaves at the full tillering, heading and maturity stages were not similar, but the variation

pattern was not obvious. The photosynthetic rate and chlorophyll content of the functional leaves of the high-yielding cultivars

were greater in the early growth stages but decreased later in the season. No significant relationship was observed between

NUE and the chlorophyll fluorescence parameters and the change in photosynthetic rate of four functional leaves.

Keywords coix; nitrogen utilization efficiency; photosynthetic rate; chlorophyll fluorescence
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Table 1 Test treatment and nitrogen application level

g/

AL A BRACME R SR AE

Ak 3 . o o
N application P application K application
Treatment
amount amount amount
A it AN 0 12.5 3.3
Jits 28T 4.9 12.5 3.3
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Table 2 Nitrogen uptake and utilization rate of 4 coix cultivars experimented

FB.Z Early season

M2 Late season

=]
i

o REWICGE/ REARECE,  REWIR EACE/

(g/#) N uptake (g/g) NUE (g/#k) N uptake (g/g) NUE

LL 1.2140.08 ¢ 60.01+4.80 b 1.1240.07 ¢ 82.734+7.45 b
CU 1.1440.08 ¢ 64.8845.19 b 1.1540.07 ¢ 84.504+7.61b
XL 2.29+0.16 b 72.8645.83 a 1.9340.12 b 99.9348.99 a
QY 3.01%0.21 a 74.1445.93 a 2.5540.15 a 97.384+8.76 a

TE ] — A B A — 5 R 6 F R R R B 50 B KT, XL 7GR 1455 QY. Ik 1 S o &msk A, LL,

BEM 15 :CUL f A 10 55 FARR Al . T

Note; Different letters within same column at the same childbearing period represent significances at 5% level.

XL,Xilin 13 QY,Qianyin 1; Both are high-efficiency nitrogen cultivars. LL,Longlin; CU, Pinzhongl0.

The same below.
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Table 3 Leaf photosynthetic rate across growth stages under different fertilizer regulations pg/(m” « s)
i UK T/ } K7 Early season Mg Z= Late season
ww
GE e e A A SHEH A T
N rate Tillering Heading Maturity Tillering Heading Maturity
LL 9.084+0.64b 6.06E0.36a 3.2940.20b 6.41+0.51d 5.604+0.39d 3.9640.36b
Cu 10.354+0.72b 6.00+0.36 a 3.43+0.21b 8.7240.70c 8.194+0.57c 3.2640.29 ¢
0.0
XL 10.24=+0.72b 5.834+0.35a 6.06+F0.36a 9.41+0.75b 9.60+0.67b 5.43+0.49 a
QY 12.12+0.85a 6.634+0.40a 6.30+£0.38a 12.30%E0.98 a 10.2240.72a 5.40+0.49 a
LL 11.71£0.82 ¢ 6.56+0.39b 3.8240.23 b 8.59£0.69c 7.85%E0.55¢ 3.73%0.34Db
Ccu 16.81+1.18b 7.00+0.42b 3.93%0.24b 11.8040.94 b 10.8540.76 b 3.7240.33 b
4.9
XL 19.03+1.33a 9.9140.59a 7.80%£0.47a 14.90FE1.19a 11.65+0.82b 6.73£0.61 a
QY 19.3241.35a 10.72+0.64a 7.734+0.46 a 14.114+1.13 a 12.4440.87 a 7.2240.65 a
4 FAABEBRAETENRMADEETHNHEESE
Table 4 Chlorophyll content across growth stages under different fertilizer regulation mg/kg
i UK T/ - HZ Early season g 2= Late season
. i
WD (o AEEW ) L 1 Sy EER i ) L
N rate Tillering stage  Heading stage = Maturity stage Tillering Heading stage Maturity
LL 43.73+3.61 a 45.314+2.72a 34.28+2.06b 32.58+3.32a 38.38+3.07a 34.73+2.43b
CU 43.9843.08a 41.68%2.50a 30.00%1.80b 33.1343.82a 42.73+3.42a 31.914+2.23b
0.0
XL 44,364+3.11a 46.00%E2.76 a 42.1842.53a 36.7143.04a 48.31+£3.86a 41.954+2.93 a
QY 43.95+3.08a 44.314+2.66a 43.38+2.60a 38.20%+3.38a 51.60F4.13a 42.70£2.98a
LL 46.9043.28 a 48.3542.90a 36.13%2.17b 38.6043.74a 46.53+£3.72a 31.854+2.23b
CU 48.53+3.40 a 48.2842.89a 34.654+2.08b 38.7543.88a 47.30£3.78a 30.95+2.16Db
4.9
XL 48.9043.42a 49.71+2.98a 49.7842.98 a 44.0544.65a 50.15+4.01 a 44.1343.09 a
QY 51.63%3.61 a 52.684+3.16a 49.58+2.97a 41.88+3.77a 51.06%4.14a 46.06£3.22a
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Table 5 Chlorophyll fluorescence parameters across growth stages under different fertilizer regulations in early season

Jiti K-/

2 o

Grois f}iriod (g/#) CZ';jjar F./F, oPSIl gP gNP ETR
N rate

LL 0.774+0.05a 0.27+0.02a 0.76+0.05¢c 0.84F0.08a 0.24+0.02 a

CU 0.74#+0.05a 0.27%£0.02a 2.49£0.15a 0.91£0.08a 0.14%0.01 a

00 XL 0.71+0.05a 0.19#+0.0la 1.76%£0.11b 0.90%0.08a 0.11£0.01 a

SrEEH QY 0.7740.05a 0.294£0.02a 0.81£0.05¢c 0.84740.08a 0.21%0.02 a

Tillering LL 0.80%0.06 a 0.1620.01 a 0.3840.02a 0.80%0.07a 0.23£0.02a

CU 0.7840.05a 0.2940.02a 1.514#0.09a 0.86%0.08a 0.26%0.02a

o XL 0.77%+0.05a 0.274£0.02a 0.744+0.04a 0.83%0.07a 0.29£0.02a

QY 0.75+0.05a 0.17+0.0la 1.03%0.06a 0.86+0.08a 0.2240.02a

LL 0.804+0.06a 0.2940.02a 0.7240.04a 0.83%0.07a 3.60%0.29 a

CU 0.81£0.06 a 0.2940.02a 0.714+0.04a 0.8240.07a 3.37£0.27 a

00 XL 0.80+0.06 a 0.17£0.01 a 0.654+0.04a 0.82%0.07a 3.10%£0.25a

Hih A QY 0.83+0.06a 0.244+0.01a 0.6740.04a 0.7840.07a 3.70£0.30a

Heading LL 0.81%£0.06 a 0.26420.02a 0.5240.03a 0.7840.07 a 5.84£0.47 a

CU 0.81%£0.06 a 0.1840.01 a 0.3740.02a 0.79%0.07 a 5.37£0.43 a

e XL 0.814+0,06 a 0.2240.01 a 0.54£0.03a 0.83%0.07a 5.71%0.46 a

QY 0.8340.06a 0.2940.02a 0.7140.04a 0.814£0.07a 6.95£0.56a

LL 0.7840.05a 0.464+0.03a 0.8440.05a 0.86%0.08a 5.70£0.46 a

CU 0.784+0.05a 0.3620.02a 0.4440.03a 0.3120.03b 5.00£0.40 a

0-0 XL 0.764+0.05a 0.314+0.02a 0.494+0.03a 0.81%+0.07a 2.78+0.22a

% QY 0.784+0.05a 0.46+0.03a 0.3540.02a 0.37£0.03b 5.7540.46 a

Maturity LL 0.7740.05a 0.32#40.02a 0.3540.02a 0.31%£0.03a 3.54%0.28 a

CU 0.7620.05a 0.2840.02a 0.2940.02a 0.26420.02a 4.16£0.33 a

o XL 0.744+0.05a 0.41%£0.02a 0.47£0.03a 0.3640.03a 6.3320.51 a

QY 0.79£0.06 a 0.40%£0.02a 0.4140.02a 0.34%0.03a 6.20£0.50 a

x6 FRBAXKETESNMMBEAAEFTHNHERRLESH

Table 6 Chlorophyll fluorescence parameters across growth stages under different fertilizer regulations in late season

e & K/
G -E 8 i o . .
) (g/ &) ) Fv/Fm OPS I qP gNP ETR
Growth period Cultivar
N rate
LL 0.7840.05a 0.244 0.0l ¢ 0.734+0.04b 0.87+0.08a 0.22+0.02 a
Ccu 0.7940.06 a 0.3240.02b 0.96+0.06b 0.8640.08 a 0.24+0.02 a
0.0
XL 0.7740.05a 0.4440.03a 1.92+0.12a 0.9840.09a 0.20%0.02 a
Sy BE) QY 0.814+0.06a 0.124+0.01d 0.25+0.02 ¢ 0.754+0.07a 0.124+0.01 b
Tillering LL 0.7440.05a 0.2440.01 ¢ 0.73£0.04 ¢ 0.8440.08 b 0.24+0.02 ¢
Ccu 0.7940.06 a 0.1240.01d 0.3040.02d 0.7940.07 b 0.1440.01 d
4.9
XL 0.784+0.05a 0.3340.02b 3.31+0.20a 0.9840.09a 0.334+0.03b

QY 0.84+£0.06a 0.43+£0.03a 0.934+0.06 b 0.8240.07 b 0.36%0.03 a
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#6080
- Jite 20 7K e
Growth period /(&8 Cultivar Fv/Fm ePSll aP aNP ETR
N rate
LL 0.80+£0.06a 0.14£0.01c 0.67£0.04b 0.9340.08 a 2.64+0.21 a
CcuU 0.8240.06a 0.33£0.02b 0.60+£0.04b 0.7640.07 b 2.7140.22 a
- XL 0.8240.06a 0.16%0.01 ¢ 0.3640.02 ¢ 0.82740.07 ab 2.844+0.23 a
Jih e QY 0.84+0.06 a 0.43£0.03a 1.1940.07 a 0.8940.08 ab 3.25+0.26 a
Heading LL 0.8240.06 a 0.24£0.0la 0.49£0.03a 0.76%0.07 a 5.80=£0.46 a
Ccu 0.83+0.06a 0.16%£0.01b 0.3340.02b 0.8040.07 a 3.7440.30 b
e XL 0.8340.06a 0.16%£0.01b 0.4540.03a 0.8940.08 a 5.48%+0.44 a
QY 0.8540.06a 0.14%0.01b 0.2440.01 ¢ 0.7540.07 a 3.4140.27 b
LL 0.7740.05a 0.1940.0la 0.24+0.01a 0.2240.02a 2.58+0.21 ¢
Ccu 0.774£0.05a 0.21£0.01a 0.2340.01a 0.2240.02a 3.6540.29 b
- XL 0.7840.05a 0.46+£0.03a 0.45+0.03a 0.3840.03a 7.04+0.56 a
123 QY 0.7740.05a 0.46%0.03a 0.4540.03a 0.3840.03a 7.4430.60 a
Maturity LL 0.764+0.05a 0.2740.02b 0.2940.02b 0.2540.02a 4.5540.36 a
Ccu 0.7740.05a 0.26%£0.02b 0.2940.02b 0.2640.02 a 4.80+0.38 a
e XL 0.76+£0.05a 0.40£0.02a 0.4240.03a 0.3540.03a 6.70£0.54 a
QY 0.7940.06 a 0.2240.01 b 0.2340.01 ¢ 0.2240.02a 4.20+0.34 a
2.4 AEFMAMAFHXEEERER T 45 =i K B SR K B U R A R TR R, 4 At

# 7TRULE AR B A RO G R R R IR 2R R A A A SR B AR R A AR
AR FH 257, — BRI B — it e (6 8 b AR R i 5 U i ] 22 A 3%

®7T BEUFEBUHAEGEXENRTHES

Table 7 Difference of leaf photosynthetlc rate on different parts of coix plant between varieties

EEH A .2 Early season 7= Late season
Growth stage Leaf position LL CcuU XL QY LL CcU XL QY
18—t 4.33d  4.90c¢ 4.70d 6.70d 4.12d 4.66d 4.75d 6.57d
43 BEH 18 — 6.87 ¢ 11.29a 11.41b 12.06b 6.66c 11.13b 11.37 b 12.18b
Tillering 8] = 11.18a 11.85a 13.43a 15.11a 11.12a 12.80a 13.26a 14.37 a
18] g - 9.07b  8.62b 85lc 9.24c 8.39b 8.60c 8.8 c 9.50c
18] — - 5.29¢  6.37c  5.99c¢ 7.33d 4.60b 7.50c¢ 5.10c  9.20 ¢
A 15 —nf 5.10c 7.80c 870b 9.22c¢ 12.10a 13.30b 11.39b 15.11b
Heading 18 = nf- 11.20a 13.26a 11.33a 15.37a 13.45a 16.45a 15.64a 17.20a
18] py nf- 8.05b 10.90b 9.80ab 12.10b 4.50b 5.20d 3.59¢ 6.30d
18] — nf: 3.90b  3.85bc 3.89b 4.08b 3.70b 3.45¢ 2.35d 6.70 ¢
A & 4.23b  4.40ab 5.30a 6.39a 6.20a 4.05bc 4.66a 8.02b
Maturity 8] =t 5.80a 4.90a 5.00a 6.50a 6.50a 5.60a 7.50b 12.15a
18] py it 3.63b 3.72c¢ 3.70b 3.85b 4.50b 4.40b 3.80c¢ 5.00d
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Table 8 Analysis on correlation between uptake and utilization efficiency and

leaf photosynthetic rate across growth stages indexes

E214 AREWRRT  AREBAMBOE SEMDLEEE B AERE AN E #E
Index NCA NPUE TSPR HSPR MSPR

S F W 1

R A A % 0.75" 1

I3 BEWDL A R 0.69" 0. 64" 1

RO & R 0.7 0.59" 0.89" 1

A A R 0. 45 0.31 0.68 0.58 1

W ox RoNMEMER ZFH (P<<0.05), TR, HHf NCA F IR Nitrogen cumulative amount, NPUE 3 75 Nitrogen physiological
utilization efficiency, TSPR # 7~ Tillering stage photosynthetic rate, HSPR # 7~ heading stagephotosynthetic rate, MSPR # 7R

Mature stage photosynthetic rate,

Note: * The correlation is significant at the 0. 05 level (two-tailed). The same below. Among them, NCA indicates Nitrogen

cumulative amount, NPUE indicates Nitrogen physiological utilization efficiency, TSPR indicates Tillering stage photosynthetic

rate, and HSPR indicates a heading stage Photosynthetic rate, MSPR stands for Mature stage photosynthetic rate.

R BEUERMNANEEHERSEMAXEL T

Table 9 Correlation analysis of nitrogen utilization efficiency and chlorophyll content in coix

B.Z Early season

e Z= Late season

- RE SYEEM] WA Rl BRI ALY
ZH A% - - A% A% -
FI Mgz mgE gx B g MHagE mgx
Index W WA N . . . Wk R RCR . . L
. BOR e e e . Hm Hm e
NCA NCA NPUE
NPUE  TSCC HSCC  MSCC TSCC HSCC MSCC
SR 1 1
REM KR 0.915 1 0. 877 1
SrEEMI R A 0,883 0. 859 1 0.751 0.973* 1
Mg E 4R 0.956°  0.811 0.936 1 0.989%  0.923 0.811 1
BRI 2 R 0.941"  0.927*  0.718 0. 801 1 0.959"  0.968*  0.901 0.970" 1
3 ® CU #1 LL &, - R & & i 283 CU A1
1B

SRR R T AL Bl A I S 2K S Bl A
SRR SR EMAREL ., AR RN SFI M EET
R MO R R T A DAy A A B A A R OKCF
R AR & EABE S . QY A XL A
R A I SR R 0 2R ) R A AR R el

LL A, WFoEas R wos &0 208 DU QY Al XL
XA R I W W R ) B AR ACE B A CU R LL
SR, MAR BRI RENEE TR AR TS
Mg RGEES, HENARTESTREHHSE
THRREHEER  AEAHESH GBS
HIE ARG . B R A2 R A W R
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SEE R e S SRR E B
ZHAK ., ARERERN 05T S ik 0 & &
M EFIOLEAZ A RN EEFEH, AR
Fr RS T SRR 4 AR 7 TR I R R
B A REmMT SR SR, AXSH
58 R R 234 5 43 BE S R RO £ 0 R 2 O
A& 5 B0 o 200 2R o 7 A R T U R R O
RIS . ATWEITEE S W R 00 5% KO 38 i 4l
JEAHCRWIGEIN, X — EHRAE—E AR E KT
JU N — 8 M IE A S 3, R O A A R
JE TS I e I A 2 A i, AT DA A 1
DRE R R R E R N R F E
g I RS S ag I JUNTTR AN P ey
AR 2T R SE B A AR R
R R0 P A S 0T S 2R R 1 A T AE 2%
Je A S R SR T A 300 0 e 1 O A T R B 2 T
ER R OB AR U A AR

SR RO R A R R R R G R
RIEPRAE . G4 FX6 B 5 1% ke B
AR M F 5 2O R KB R R 45 N
L TR HES L MG B8 HL P 3RS RE R R M .
SRR R WA A% 3 G T AR 22 L AT 3 in
fRAE L T & A R 1. BIEnT R Rk s
(6 RE A% 21 2R 0 8 3R 43 1, DAE 3 % Ak 2 b
M REATH . RIS 38 8 ik 22 ] 5 2 N 2k A7 R
Mo, BEE AR RS, G E SR S R
fik. QY A1 XL b & 848 Fi, 45 i 30 0 28 Wl =
FI 28 28 & 1 B AR A B CU A LL &, R
TG AR A A TR R R AR A RCR AR
Pl RE RS R RE I RO6 A 3R 4 3R 5
S KRN BE SRR R B
Tof R SR AER A58 0 o o8 = O A R A KBRS ]
AEF RS FREAFET R E R 2R, A0
FEWAREFRIED M R OEA RN E R &
BRI I B W W AR
WFoE P R G SR AP AR 1 5 (XL Bk 1 5
(QL) 5 A R sk FB0 b A AR 15 (LL) F i A 10
SCORMZRENSHIT R EES.

4 % it

SR RO T A % 2 D RE A ROl A R
A2 3R S B P R D& R L e R
R . R A AR A RCR S R A

M2 RIOCSHOR 4 )7 IRE I a7 AR i) 2 1k
A R I R A SC R .
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