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FIFRBCR IR, Mﬁﬁ%x#%ﬁ&/\ﬁffﬁﬂﬁ%w&ﬂm RS WSS TSR o A AL L B ZmK 2, 1 B3R KA 5
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Overexpression of Potassium Channel ZmK2;1 in Rice Improves Nitrogen Utilization

Potential

CHEN Tianxiang'?, YANG Shunying', SU Yanhua'?"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Stomatal conductance controls the ability of leaves to acquire carbon sources (CO,), and it is closely related to crop
productivity by affecting photosynthesis. In view of the current situation of slowing N use efficiency caused by N fertilizer
overuse in paddy soil, it is necessary to study the regulation strategy of high N fertilizer input to promote N absorption and
utilization. Therefore, ZmK2;1 overexpression transgenic lines were used to set up a field experiment of three conditions
including N deficient (LN, no N application), moderate or reduced N input (MN, 200 kg/hm?) and N fertilizer overuse (HN, 350
kg/hm?), which were used to study the N nutrition characteristics and production traits in the later growth stage. The results show
that ZmK2,1 overexpression can improve the yield characteristics for rice plants under each N application level. At the same time,
the content of N and K are increased differentially, it optimizes nitrogen nutrition characteristics of the whole plant and key
functional leaves (flag leaves), and promotes the accumulation of plant biomass. Besides, the flag leaf of ZmK2;1 overexpression
plant maintains a promising photosynthetic rate (Pn) and stomatal conductance (Gs) during the later growth period. In addition,
ZmK2;1 overexpression can promote the N use efficiency of rice under the N fertilizer moderate input and N fertilizer overuse,
especially under the condition of N fertilizer overuse, the overexpression of this gene can still promote agronomic N use
efficiency (AEy), physiological N use efficiency (PEy) and N harvest index (NHI). Obviously, overexpression of the stomatal
potassium channel ZmK2; ] in rice can regulate the N/K ratio of plants and key functional leaves, promote photosynthetic rate, and
improve the rice yield under different N application. In particular, under the condition of N fertilizer overuse, it can still maintain

a high photosynthesis assimilation ability, and plays a positive effect on performing the N use efficiency and yield-increasing
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potential of rice.

Key words: N use efficiency; N fertilizer overuse; ZmK2;1 overexpression; Photosynthesis rate; Yield-increasing potential
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Fig. 1 Effects of ZmK2;1 overexpression on nitrogen and potassium nutrients and biomass accumulation in rice
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Table 1 Contribution of ZmK2;1 overexpression to grain yield characteristic
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Fig. 3  Effects of ZmK2;1 overexpression on N use efficiencies of rice

KK 3C), £ MN 55T, ZmK2, 1 MK KREHE
PRI A BIRCR BB A R RIS I 17.68%, iK%
1352 5K (P<0.05), FFHAE HN 2/ T HESE T3
B AR 54k, 7E MN Al HN &4 F,
ZmK2; 1 #RIBFAMRRNCAR A ROR ) b 3 v TR AR A
(#l 3D, P<0.05), FRHIHZILF M RIARESH & A,
IR HE—E = . R FE WOk TR B0 (A
3E), £ MN Fl HN &4, ZmK2; 1 #8FIRFEAR S
WP R Y 39.47% I 51.88%, 2253k B KF
(P<0.05). AJ UL, ZmK2,;1 #B3IXFMRAEN B & (et
it E SR K AR AR BRI, B A
MR EWBORAG R 2 BT, R A = it
T, RIRERE XA AR R R R BRI T & 41
Ho BT ZmK2;1 JEH IR UGE TR A E IR

FRIE, (ERTRROC A B ARG LA SR, XAt
AFITAERL ™ IR, TR T T i R A P AR
FIHTE T o

3 ihie

KRB R R A -5 R AR 2K DA
o, R ERE AT AR oK RS T T AR
HRE I B T e S A A R R P
AR CO 2 MR E 2T, Haz gk
ABAEARRRREZ BRI T, I P 2
M IE PR T B, R OB O BGE YDA
RE 1Y AR R, TEANEFAKT T, fEKAH
HRIE ZmK2; 1 RERS et R MR A £
BHEAMN)ZMAT, BRI R B3

http://soils.issas.ac.cn



526 +

e %55 %

wTE A AL, FEREEAHN) AT, RS
SR A A RS B T, R ZmK2; 1 #
FER A R TF AR E SR, TR SO (9 25 54 1T
IR R AT L, R aEA AR A K

D REI (I G A R R RE A 7E — i AR
ARFZH R AR A = BE 12020 R ALIE s E
W FLTF B AR A s e A B, 3Rz 8l 32 438 i
P AT ¢ O ] RO <20 N 5 s i [ Sl 4
AR FRAKSP-FBH TE A, A E  T R
T AR AR AT A R ok S0 =L 5 ot it 2
¥ T A, £ MN A HN &4 F, ZmK2:1 #3%
RGO A RCR AL T B W3 T AR A, R %
SRR R T S B B i [ B R R TS FLIFIR
5 ) 4 v 2 B TR 040 A T LA AR B <AL
TR, SRR R R IR KT S ARUR AR
FHIRA T woii T R i B A, AT+
VI A =R o A, RALT R S0 BB B R AE
BERNIEMICERP RifFsed, SA4AHKFET,
ZmK2; 1 #EF IR AT A= RUK R AR AR S M) CO,
VR RIS T AR 5 AR ke B R SR R R R R
ARV JCI R 25 5 . v UL, SRR AKOT 1 P R
AMTIARRCRE, JUHAE HN X T, ZmK2;:1
2 IS AR G AT R A 15 5 5 1 B A ORI AL R
B, Xt CO, R 58 AR B I AR RS Y S
PR T o

KR = T B e AR S B bl T A
oz MR R, S T TR SRR S
ATHRECY it U AT LA R R KRS B A R
Fy=at, AR, U it R % % i R
EEFRRE ™ R SE I, T T 7E — 2 8 Y X 6 A ik IR 4L
i RE AR BURAE A ASHIEGE e R R 2R A A
KEEIRFR, ZmK2; 1 FEFEIR FEF A RUAH L REAS HE T
FERRAG 4> BERE 7, XHERIER . TR s ARk = A W
AR TR, 2 IR DR 3R 15 R 9 38 TN e A% $2 7
IKFERE AR R RLA: F= FIVESR BE ), ZmK2, 1 MR IK T
I A A AR R G ) R I G U R AR DA R T A
PRI R R T A = Re 1 , sk A AR (S 25 1 K 400
BRI EIT ARk R ALRE T, XHETHK RS L B S I
TS RE SR B A

RE A AR R AR BRI R AL, LA 1)
KL AR, ARBFFE R, 78 MN HLHN &4,
ZmK2;1 FEEBFR IR HE R R W, #EREKAE
FE A 1 FIE R SRR I 4R & . 72 MN KB T,
ZmK2; 1 #BRIR KRR R R A HRORA 2 D E 1

Ft, 78 HN &0 P AR AR R R R
RAE R K FEHE P22, 76 MN A HN &4 T, ZmK2;1
HFRIRF R RE R A ROR Y B TEAEARL, JUH
HN 40, ZmK2; 1 R R KA B =3
SR, I AT B 30 ek O e R Mg 356 81 R ) A 35 R 1)
IR, R IAAR K A 55 FRFAE R FPRAE - e
Wk, AR TR R AR TR LR A 22 S T O T
UL, RRAIETT, S FLA 00 30 3 R A 1
GkFEALRE ), RERE RN s B A IE T AR 2 i 35
o 3o, ZmK2;1 BFRFHR AR BRI EE MN
FHN 500 N A RIS W4T, LT it
FUN, ARWORAEE WAt R, RS AL
IR NSRRI 7 S0 R R B s AT o3 B A
BURAER, s A I B0 K RE A P A9 e R
T 2t R R A EMA , A R A R AR R R 1 -

4 #ie

ZmK2; 1 IR K A RAT B0 A 2 BERIE
JAE ST, AR AR P RN TR E B3R TR ZmK2, 1
FIRREMS A HE /K AR T4 AR SRRk PRLIE IR
TEFPREANS , ZmK2; 1 EFRBA R E R E TR
Y 838 ol S B D BE A 2R T I N AR B B D )
AR, fe R IR R R TR R AR T
HAE S RS T, ZmK2; 1 BFARefE <AL
TERCABRIR A , ST KRS TE = BRI R 85 2%
AR, RXRRAR R ARG 7 085 07 04 A% A

&2 30k

(11 EhE, i, skt % KSR ERSE T
KM EN T RMARZNWRRESHEZ ] MY
EBIEEIERAER, 2012, 18(5): 1035-1045.

[2] E4, ke, Bl s, F. KPR 5T IR BOKAE
ZEIC I K AL W AR B R S R (0], PR AR R
2004, 30(3): 196-204.

[3] BREWM, B4k, XIBH, 55 KFEFRLAR G5 PR
ea Y ose S/ ZRE D). b ER S E AR, 2011,
27(30): 6-11.

[4] Ranathunge K, El-kereamy A, Gidda S, et al. AMTI; 1
transgenic rice plants with enhanced NH,  permeability
show superior growth and higher yield under optimal and
suboptimal NH," conditions[J]. Journal of Experimental
Botany, 2014, 65(4): 965-979.

[S5] Bao AL, Liang Z J, Zhao Z Q, et al. Overexpressing of
OsAMT1-3, a high affinity ammonium transporter gene,
modifies rice growth and carbon-nitrogen metabolic status[J].
International Journal of Molecular Sciences, 2015, 16(5):
9037-9063.

[6] Bao AL, Zhao Z Q, Ding G D, et al. Accumulated expression

http://soils.issas.ac.cn



534

WRRARAE: BINEIE ZmK2; 1 7E/K R8BSR R TR R BRI

527

(7]

(8]

(9]

(10]

[11]

[12]

[13]

(14]

[15]

[16]

(17]

[18]

[19]

[20]

level of cytosolic glutamine synthetase 1 gene (OsGSl; 1
or OsGS1; 2) alter plant development and the carbon-
nitrogen metabolic status in rice[J]. PLoS One, 2014, 9(4):
€95581.

Sardans J, Pefiuelas J. Potassium control of plant functions:
Ecological and agricultural implications[J]. Plants (Basel,
Switzerland), 2021, 10(2): 419.

Hasanuzzaman M, Bhuyan M H M B, Nahar K, et al.
Potassium: A vital regulator of plant responses and
tolerance to abiotic stresses[J]. Agronomy, 2018, 8(3): 31.
Battie-laclau P, Laclau J P, Beri C, et al. Photosynthetic and
anatomical responses of Eucalyptus grandis leaves to
potassium and sodium supply in a field experiment[J].
Plant, Cell & Environment, 2014, 37(1): 70-81.

Andrés Z, Pérez-Hormaeche J, Leidi E O, et al. Control of
vacuolar dynamics and regulation of stomatal aperture by
tonoplast potassium uptake[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2014, 111(17): E1806-E1814.

Kim T H, Béhmer M, Hu H H, et al. Guard cell signal
transduction network: Advances in understanding abscisic
acid, CO,, and Ca”" signaling[J]. Annual Review of Plant
Biology, 2010, 61: 561-591.

Murata Y, Mori I C, Munemasa S. Diverse stomatal
signaling and the signal integration mechanism[J]. Annual
Review of Plant Biology, 2015, 66: 369-392.

Hwang H, Yoon J, Kim H Y, et al. Unique features of two
potassium channels, OsKAT2 and OsKAT3, expressed in
rice guard cells[J]. PLoS One, 2013, 8(8): €72541.

Moon S J, Kim H Y, Hwang H, et al. A dominant negative
OsKAT2 mutant delays light-induced stomatal opening and
improves drought tolerance without yield penalty in rice[J].
Frontiers in Plant Science, 2017, 8: 772.

Nguyen T H, Huang S G, Meynard D, et al. A dual role for
the OsKs, ion channel in stomatal movements and K'
loading into xylem sap[J]. Plant Physiology, 2017, 174(4):
2409-2418.

Guo R Q, Ruan H, Yang W J, et al. Differential responses of
leaf water-use efficiency and photosynthetic nitrogen-use
efficiency to fertilization in Bt-introduced and conventional
rice lines[J]. Photosynthetica, 2011, 49(4): 507-514.

Ono K, Maruyama A, Kuwagata T, et al. Canopy-scale
relationships ~ between  stomatal conductance and
photosynthesis in irrigated rice[J]. Global Change Biology,
2013, 19(7): 2209-2220.

Su Y H, North H, Grignon C, et al. Regulation by external
K+ in a maize inward shaker channel targets transport
activity in the high concentration range[J]. The Plant Cell,
2005, 17(5): 1532-1548.

G, FIERA AL AT EM]. Jeat: s ERL AR
At 2000.

Huang L Y, Sun F, Yuan S, et al. Different mechanisms
underlying the yield advantage of ordinary hybrid and

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

(32]

(33]

super hybrid rice over inbred rice under low and moderate
N input conditions[J]. Field Crops Research, 2018, 216:
150-157.

Rathke G W, Behrens T, Diepenbrock W. Integrated
nitrogen management strategies to improve seed yield, oil
content and nitrogen efficiency of winter oilseed rape
(Brassica napus L.): A review[J]. Agriculture, Ecosystems
& Environment, 2006, 117(2/3): 80-108.

kA, TR, BT, . TR EB KT KR T
W RM | s L sz (1], o E 4 SRR
2019(4): 89-95.

Wang Y, Wu W H. Genetic approaches for improvement of
the crop potassium acquisition and utilization efficiency[J].
Current Opinion in Plant Biology, 2015, 25: 46-52.
Lawson T, Matthews J. Guard cell metabolism and stomatal
function[J]. Annual Review of Plant Biology, 2020, 71:
273-302.

Long S P, Bernacchi C J. Gas exchange measurements,
what can they tell us about the underlying limitations to
photosynthesis? Procedures and sources of error[J]. Journal
of Experimental Botany, 2003, 54(392): 2393-2401.

Long S P. Virtual Special Issue (VSI) on mechanisms of
plant response to global atmospheric change[J]. Plant, Cell
& Environment, 2012, 35(10): 1705-1706.

Sharma T, Dreyer I, Riedelsberger J. The role of K*
channels in uptake and redistribution of potassium in the
model plant Arabidopsis thaliana[J]. Frontiers in Plant
Science, 2013, 4: 224.

Srivastava A K, Shankar A, Nalini Chandran A K, et al.
Emerging concepts of potassium homeostasis in plants[J].
Journal of Experimental Botany, 2020, 71(2): 608—619.

Jin S H, Huang J Q, Li X Q, et al. Effects of potassium
supply on limitations of photosynthesis by mesophyll
diffusion conductance in Carya cathayensis[J]. Tree
Physiology, 2011, 31(10): 1142-1151.

Hu W, Yang J S, Meng Y L, et al. Potassium application
affects carbohydrate metabolism in the leaf subtending the
cotton (Gossypium hirsutum L.) boll and its relationship
with boll biomass[J]. Field Crops Research, 2015, 179:
120-131.

Bhattacharya A. Effect of low temperature on dry matter,
partitioning, and seed yield: A review[M]// Physiological
Processes in Plants Under Low Temperature Stress.
Singapore: Springer, 2022: 629-734.

Ju C X, Buresh R J, Wang Z Q, et al. Root and shoot traits
for rice varieties with higher grain yield and higher nitrogen
use efficiency at lower nitrogen rates application[J]. Field
Crops Research, 2015, 175: 47-55.

Hou W F, Yan J Y, Jakli B, et al. Synergistic effects of
nitrogen and potassium on quantitative limitations to
photosynthesis in rice (Oryza sativa L.)[J]. Journal of
Agricultural 2018, 66(20):
5125-5132.

and Food Chemistry,

http://soils.issas.ac.cn



