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1 | INTRODUCTION

| Fei Wang'*

Abstract

Rice {Oryza sativa L. ssp. indica) has experienced three distinct phases of consid-
erable yield increases: Green Revolution, utilization of heterosis, and the com-
bination of ideotype and inter-subspecific hybrid breeding. Crop breeding and
selection for high yield have increased radiation use efficiency in modern indica
rice varieties. However, the underlying leaf morphological and physiological
changes have not been established. Field and pot experiments were conducted in
2016 and 2017. We investigated the relationships between the anatomical maxi-
mum stomatal conductance (g, ), operational stomatal conductance (g,,), and
the anatomy of the stomata and vein in relation to leaf-level transpiration and
photosynthesis across historical indica rice varieties. The results showed that
flag leaf temperature of new varieties was reduced relative to the temperature
of older varieties due to increased g, and leaf transpirational cooling. Both high
stomatal density and larger veins were increased in new varieties with improved
yield potential, while no change was ohserved in stomatal length and vein den-
sity. There was a significant correlation between stomatal density and g,, as well
as between g, and the light-saturated photosynthetic rate. The present study
reveals that historical selection for high yield is accompanied by leaf morpholog-
ical changes that contribute to enhanced g, leaf cooling, and photosynthesis of
irrigated rice inhabiting hot, high light emvironments.

(Challinor et al., 2014; Zhao et al., 2016). Climate warming
may be problematic, as climate projections indicate that

Rice (Oryza sativa L.} plays a significant role in global food
security (Khush, 2001; Ramankutty et al,, 2018). Climate
warming is expected to negatively affect future rice yield

Abbreviations: A, lght-zaturated photosynthetic rate; Bpg,. the
anatomical mesimum stomatal conductance; Eop- the operational
stomatal conductance; IWUE, Intrinsic water use efficlency; Ky, leal
ydraulic conductance; RUE, radiation use efficlency; SLA. specfic leaf
area; LM, specific leal nitrogen content

& 2030 The Authors. Agronceny Journal & MM American Society of Agroaomy

27% of the global rice production area will be exposed to
at least 5 d of temperatures above the critical temperature
threshold during the reproductive period ranging between
34 and 39 °C by 2050 (Gourdji, Sibley, & Lobell, 2013). High
temperatures for 1-4 days at the gametogenesis stage could
cause a dramatic reduction in spikelet fertility (Endo et al.,
2009). A mear 2 °C increase in daily temperature decreased
the grain yield of indica rice by 16.3-21.3% (Shah et al.,

Agronomy Jowrnal. 20112 1791-3804,

wileyonkinefibrary.com/fjoumal/agj2 m
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Response of Photosynthesis to High
Growth Temperature Was Not
Related to Leaf Anatomy Plasticity in
Rice (Oryza sativa L.)

Desheng Yang', Shaobing Peng ™ and Fai Wang ™"
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impovernend, Meshong Agricuttrs’ Uhivensity, Wihan, Ching, 7 Hubed' Colaborsve innows Son Cenfer for Grain holisty,
Yargte: Uhiversity, Jngsho, Ching

Photosynthesis is highly sensitive to high temperature stress, and with the rising global
temperature, it is meaningiul to imestigate the response of photosynthesis to growth
temperatiure and its relgtionship with leaf anatomy plasticity. We planted 21 cultivars
including eight indica cullivars, eight japonica cultivars, and five javanica cultivars in pot
experiments under high growth temperature (HT, 38/28°C, day/night) and control
treatment (CK, 30/28°C, day/night). Photosynthetic rate (4), stomata conductance (g.),
transpiration rate (), stomatal density (S0), vein density /D), minor wein anea (SVA), and
major wein area (LVA} were measured after 30 treatment days. Results showed HT
significantly increased A, g., and E, while significantly decreased SD and LVA. There was
nio significant diference in A among the three subspecies both under CK and HT, while the
javanica subspecies had higher g, E, SVA, and LMAunder HT, and the indica cultivars had
higher VD and 5D bath under CK and HT. The javanica subspeces had higher relative
value (HT/CK) of A, g., and E, while difierence was nat observed in the relative value of SD,
WD, and LA among the three subspecies. The relative value of A was positively related to
that of g., while the latter was not cormelated with the relative vaue of S0, VD, SVA, and
LVA. Overdl, the results suggested the increase of A and g, at HT was not attributed to
leaf anatomy plasticity in respect of stomata and vein under HT.

Keywords: rice, photos ynthesis, leaf anatomy, stomata, vein

HIGHLIGHTS

1. High growth temperature (HT) significantly afected rice leaf photosynthetic rate (A), stomatal
conductance (g,), transpiration rate (E), stomatal density (5D), and major vein area (LVA).

2. The javanica subspedes had higher g,. E. and LVA under HT, and possessed higher heat
resigance than indica and japonica subspecies,

3. Across different cultivars, the response of A and g to HT were not related to leaf anatomy
plasticity such as stomatal and vein anatomy.
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Abstract Conventional transplanted rice (TPR) has been increasingly replaced by direct-seeded rice
{DSR) because of its low water and labour requirements. Whether and how DSR can be as productive
az TPR has meceived widespread attention. Here, a comprehensive meta-analysis was performed to
quantify the effects of dinect seeding on rice yield and identify the management and environmental
factors that contribute to the vield gap between DSR and TPR. The results showed that, overall,
the yvield of DSR was 12% lower than that of TPR. However, the vield loss of DSR relative to TPR
was highly variable depending on management practices, soil type, and climate conditions, ranging
from —2% to —42%. Weed and water management and climatic stress had the largest impact on yield
performance, resulting in over 15% yield variation. With respect to soil properties, the yield gap can
be significantly reduced by planting in areas with high organic carbon conkent, such as clayed and
acidic soils. Furthermore, the DSR yield penalty was only 4% in a high-vielding condition compared
to 14% in a low-yielding condition. All these factors indicate that optimizing management practices
is necessary to improve DSR yield performance and narrow the vield gap between DSR and TPR.
In conclusion, DSK could produce comparable yields to TPR but is more prone to vield losses due to
indppropriate management practices, unsuitable soil properties, and climatic stresses.

Keywords: rice yield; direct seeding; transplanting: meta-analysis

1. Introduction

Rice is the staple food crop for more than half of the world's population, while accounting for only
11% of the planet’s cultivated land [1]. Global grain production is expected to increase by 50%, to meet
the growing food demands, from 2010 to 2030 [2]. This is not an easy task, as it notonly requires crop
genetic improvement and management optimization but is also influenced by sociceconomic and
physical factors related to rice production [3]. Rapid economic development in Asia has increased the
labour demand for non-agricultural sectors, leading to a considerable decline in labour availability
and increased labour wages in agriculture [4]. Meanwhile, water scarcity for rice cultivation has
been serious and widespread, with approximately 18 million hectares of irrgated rice in Asia being
projected to suffer from water scarcity by 2025 [5]. Therefore, rice cultivation technology must be
developed to simultaneously reduce labour and water input while maintaining yield potential [6].

At present, over 70% of global rce is grown in wetlands with puddling followed by
transplanting [47]. In a conventional transplanted rice (TPR) system, large quantities of water are
applied (ca. 2500 litres) to produce 1 kg of mugh rice [8]. Crop establishment consists of the following

Agronomy 2019, 8, 767; dei: 10,330 agronooy 9110767 www.mdpi.com/joumalfagrononmy

11



4, HE—EWRMEE, SCIkZFE, ¥mET: 4.308 (—X)

Field Crops Research 233 (2019) 4958

¥

ELSEVIER

Contents lists avallable at SclenceDirect

Field Crops Research

journal homepage: www.elsevier.com/locate/for

Coordination of high grain yield and high nitrogen use efficiency through
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Kepwords
(Grain yield

N nse afficimney
Hink size

Large paniche
R

Bresding gresn varieties that have high yiekl patential and recuire les resource input is the ideal way to cope
with the challenges that huwmam & facing with respect to food security and environmental polluwtion. However,
few studies have focused on how high yiekl and high r=source use efficiency & coondinated in ros (Onza sativ
L)L Here thres varisties with different sink size, namely Yongyoud949 (YY4943) with large sink size,
¥ amg i amg youls (YLYE) with medium sink size, and Husnghuarhan (HHZ) with small sink size, werne ussd infield
and pot expe riments in 201 5-2017. The objective was to examine how enlarged sink sizz coordinaie high yiekl
and high nitrogen (N) uss fficiency (NUEL It was found that YY 4343 produced a grain yisld of 9.60-11.79¢
ha~? in2015-2017, which was higher than thatof YLY6 by 0.3-1.75t ha~", and that of HHZ by 1.3-2.18tha—%
N use efficiency for grain production (NUEg) of ¥ Y4949 resched 47 7.58 3kg kg~" depending on the westher
oondition, which was 53=12 8% higher than that of YL¥6 and 158=20.7% higher than that of HHZ. The con-
comitantly higher grain yisld and NUEg of YY4949 were dus ta: (1) higher eficiency of spikelet produdtion in
respeat of dry matter, N, accumulated temperature and radiations {2) higher biomas production and N aco-
mulation afier flowering; (3] higher RUE afier flowering due i the better canopy struchure. In conclusion, rice
bre=ding in the future should contimue toenlarge the sink sz epecially firough the improvemsnt in production

efficiency of sink sive, while simultansomusly increase the pasthesding biomass production capacity.

1. Introduct on

At it current rate of growth, the global population iz set to reach
“10 billion people by 2050 (UM, 2017). Increasing crop produsction to
maintain foed securty while reducing agricultuere's emdronmental (m-
pacts & the dual challenges that human is facing in the futwre { Casaman,
200 Cul et al, 2015). Moreover, this objective has to be realized
under the condition of changing climate {Peng ef al, 2004). Hence the
taditional goal of pumuing super-high weld has been replaced by
achieving high wield, high quality, high efficiency, environment-
frendly, and food safety simultanepusly at the beginning of Z1st cen-
tury {Cassman, 2000 Zhang, 2007).

Rice i3 one of the staple food erops in the world, providing the diets
and lvellhoods of over 3.5 billon people ( Godiray et al, 2010). Untl
recenily, increasing yield potential has been the major goal in China's
fee breeding programs dee to the huge population pressure (Ling,
2008]). In the last half of century, roe yield potential has been improved

substantially in China due o the introd wetion of semi-dwarfizm and the
viilization of heleresis (Yuan, 1994; Khush, 2001). Together with the
application of improved agronomic practices, the avermge rice grain
yield in China increased from 2081 ha™ " in 1961 1o 675t ha ™" in
2013 (Wang and Peng, 20170 Mevertheless, this led to severe en-
vimnmental problems, such s widespread soll acidifcation (Guo et al.,
2010}, devastating water pollutlon (Diaz and Rosenberg, 2008, and
excesive greenhowse gas emissions (Zhang et al, 2016) Since 2013,
China government started to transform the way of agricultere prodie-
ton thmough a seres of polices, for emmple in 2017, the Mindstry of
Agriculiure in China implemented Green Vadeties, a new wvarletal
evaluation and certification system for the release of major crop varl-
etjes that require less fert lizer, pesticide or water {Wing et al., 201 5]
This will defindiely promote the tansformation of Ching's fee breeding
from super-high yield potential to coordination of high yeld potential
and high resource e efficlency.

Agronomie traits that facilivate the dmultanesss inerease of grain

* Carnespanding authar at- National Key Laborstary of Crop Improvement, Minister of Agriculture Key Labomatary of Crop Ecophysialogy and Farming System in
ithe Middle Reaches of the Yangize River, Callege of Plant Scence and Technalogy, Huazhong Agriculiural University, Wuhan, Hubei Province, 430070, China.

Email address: fwang @mail heusdu.on (F. Wangl

hittps://doiorg/10.101 6/ for-201 9.01 005

Received 3 S=pember 2018& Recsived in revised form 1 January 2009 Accepted 8 January 2019

0378-4290," € 2019 Hsevier B.Y. All rights reserved.
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ABSTRACT

Kepwords

Green supe rice

Hirogen

Simplified and mduced ingat pracice
Super bybid rice

Producing higher grain yviekl with less environmental impact & a challenge for the future of agricultune. Bresding
green super rice (GSR) varietiss is one of the promising warys to meest this challenge. Green super rice is supposed
ta have hetter performance than super hybrid rice { SHR) under reduced input condition. In the pressnt study,
seven elite andidate GSR varieties and five representative SHR varieties were plnted under the farmens’
practiee {FF) and the simplified and reduced input practice (SR1F) in 2015 and 214 The objectives were to
compare the grain yiekl and NUE of the candidate GSE and SHE wnder PP and SRIP, and investigate the
agronomic and physiological tais of G5 Averaged acros all varieties, the reduction in grain yield at SRIF
compared to FFwas Lddtha=" in 2015 (10.37%) and .50 tha~" in 2016 (5.55%). The aversgs grain yiekl of
GSR varieties was similar to that of SHE in 2015, but SHR had significantly greater {7 424) average grain yiekl
than GSR in 2014 I comparison ta FP, yisld reduction at SEIP for the cindidate GSR and SHE varistiss was
9.27% and 11.48% respectively in 2015, and 4.74% and 5 85% respectively in 016 Grain yigld of FP was
significantly comelated with that of SRIF (R? = 0.73). Averaged acss varietiss, total abovegmamd nitrogen
upiake and nitragen use eficiency for grain produdion between GSR and SHR. were comparable. Among the GSR
varieties, 9¥6H exhibited relative high yield stabdity and NUEg across trestments and planting years, however,
SHE varistiss showed comistently betier yield stability than mest of the GSR varistiss. Overall, candidate GSR
varieties had similar respanse o SRIP with the SHR vaneties. In addition to breeding GSR varieties, fuhmre
studies should also focus on the green traits of the SHE varieties

1. Intreducton

advanced crop varletes (Godiray ef al, 20010; Foley et al., 2011;
Mueller et al., 2012).

In the last two decades, increasing studies have focwed on sus-
tainable intensification of agheulure due to two great challenges that
the fuiere of agriculiure faces: 1) meet substantial inereases in food
demand and 2) decrease agriculiure's global envirmmental impacis
{Cassman, 1999; Cassman et al, 2003 Ju et al, 2009 Godiray et al,
2010; Foley ef al., 2011; Tlman et al, 2011; Muoeller ei al, 2012
Seufert etal, 2012 Chen et al., 2014; Cul et al., 2014). Organie farming
—a gystem aimed at producing food with mindmal harm to ecosystems,
animak or humans - i3 often proposed as a solution, however, there is a
yield penalty of ergande famming mnging from 20 to 25% comparad 1o
conventonal faming (Sewfert of al., 2012 de Pontd et al, 2012).
osing yield gaps and increasing resouree e efficlency ae necessary
srategles towards meeting the above two challenges through optimi-
zation of nitrogen (N) and water management and adoption of

Rice & the main staple food for over 50% populations of the world
(Taoet a., 2014). As one of the largest dee producers and consumers in
the world, China oceupled 188% of global rice growing area and
coniributed 28.1% of production in 2014 (FAQ, 2016). Since the 1960s,
rice yleld has Increased significantly due to crop genetic improvement,
improved crop management practices, and increased agronomic inputs,
epecially N fertllizer input (Yo et al, 201% Song ef al., 2015). Riee
breading for high yleld potential indirectly selected higher lodging re-
sttance and tolemnce to N fertilizer, which resulted in farmers ap-
plying large amounts of N fertilizer in order 1o maxdmize grain yvield
(Peng et al, 2002; Ju et al, 2015). The overuse of N ertllizer leads 1o
low N e efficlency (NUE, Peng et al, 2002) and a vardety of en-
vimnmenial consequences such as soll acidificaton {Gue et al., 2010}
Siudles showed that the amount of N ferilizer input could be

" Correspondi ng ambor ar- Mavknal Key Labormory of Crop Genete Impeowe anr, MOA Key Laborawry of Crop Eoophysiology and Farming Syaem in the Middle Reaches of the
Vargme River, Dodlege of Planr Sdence and Technadogy, Hoaehoeg Agrion boral Undvesdry, Wohan, Hobed 430070, Ching

Emul adebess: fanng ol be oo edn o (F. Wang)

b el ong, 101016 fer 3018 01 1005
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Different mechanisms underlying the yield advantage of ordinary hybrid
and super hybrid rice over inbred rice under low and moderate N input

conditions
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ABSTRACT

Ki

Gralm yield

NLE

Suply hybrid rice
Ordinary hyteid rice
Inbwred rice

The adoption of ordinary hybad ric and super hybrid riee significantly incr=ased the grain yield under non-
limited nitrogen (N} fertilizer condition, however, #he information on direct comparison of grain yield and
mitragen uss sfficiency (NUE) among the higheviskling super hybrid, ordinary hybrid, and inbresd rics under low
and moderate N rabes is limited. Therefore, ficld sxperiments with two representative cultivars of each these
types were conducted under NO {0 kg N ha =) and N90 (90 kg N ha ~") treatments in 2014 and 2015 in Wome
County, Hubei Provines, China. Grain yiekl of the super hybrid rice was higher than that of the inbrsd rics by
3337A41% at N0 and 5.94-10.87% at N9 Similarly, the ondinary hybrid rice outyielded the inbred mice by
A536.17% and 4954 6594 =t NO and N9, respectively. The yield sdvantage of the ordinary hybrid rice aver
the inbred rice wes mainly due to higher aboveground total dry weight (TDW), while for the super hybrid nce,
higher grain yield was mainly attributsd to higher harvest index (HI) at M0, and both high HI and TDW at NS0
Larger leaf area index (LAT) at heading stage and higher crop growth mie (CGR) contribuied i higher TIW of
ithe ondinary hybrid rice. Total N uptakes at maburity was mmsistently higher in the ordinary hybrid rice, while
the super hybrid rice had significantly higher nitrogen use =ficency for grain produdion (NUEg) than the
inbred mice, which was amodated with higher N harvest index (NHID and lower leaf N coneentration of the super
hybrid rice. In conclision, it was found that the super and ondinary hybrid rice exhibited higher yield over the
inkwed rioes at low and made rate N mates, but the physiological mechanisms underying the yield advantage were

different.

1. Introducton

Rice (Oryza satfva L) 15 one of the most important food crops
globally, and it iz the saple food for more than kalf of the world's
population (Godimy et al., 20100, Increasing rice production through
genetically improved ree cultivars and improved agronomic practices
has been the main objective in the agronomic studies {Peng et al, 2008;
Zeng et al, 2017). The development of semi-dwarf cultivars in the late
19508 {Peng et al., 2008) and hybrid rice cultivars in 19708 (Yuan et al,
1904) led o two quantum leaps in the vield potential of irrigated rice in
China Yuan (1994) reporied that hybrid rce had a yield advantage of
about 15% over the best inbred cultivars in China. Peng et al. [19949)
found that the indiea hybrid dee increased yield potential by 9% in the
tropieal irdgated lowlands. The yleld advantage of the hybdd dee over

the inbred rice was mainly anributed o greater dry matter accumula-
thon, which resulted from a higher crop growth rate during the eady
vegetative stages as a result of mpld expandon of leal amea and greater
tiller number (Kabaki, 1993; Yamawchi, 1994). Hybrd rice also had
more efficlent sink formation relative to the mte of dry matier pro-
duction af the flowerng stage (Kabald, 1993% Yang et al, 2007). In
addition, the higher non-strsetum] carbohydrate content in the culm
and leall sheath prior 1o heading and translocation to the spikeleis after
heading, and the kigher LAI during the grain Alling perod comntributed
1o higher grmin filling percentage in the hybrid rice than the inbred fee
(Yan, 1981; Yan, 1988; Song ef al, 1990a; Song et al, 1990k).

In order to further increase the yield potential, China established a
matonwide mega-project on the development of super hybrid dee in
1996 (Yuan, 1996). The development of super hybrid ree by combining

" Comresponding ambor &~ Madonal Key Laborawery of Crop Improvemens, Minkager of Agricubme Koy Laborasey of Crop Fooph wicl ogy and Fanming System in the Middle Reas hes of
e Yangme Riwer, College of Plant 5 lence and Tedmology, Huazhon g Agricoloral University, Wohan, Hobed Peovinee, 430070, Ching.
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Research progress in rice green and high-yield management practices
WANG Fei', PENG Shao-Bing"”
(1 College of Plant Science and Technology, Huazhong Agnicultural University, Wuhan 430070, China;
2 Natonal Key Laboratory of Crop Improvement, Wuhan 430070, Chinzs)
Abstract: Rice production in China faces ] challenges, including simultaneous mprovement m gram yield
and quality, efficient utilization of resowrces, and environmental protection. Large-scale, mechamzed and simplified
management practices are replacing the traditional one. In addition to high yield, the objectives of future rice
production also mclude high quality, high efficiency, emvironment-friendly, and food safety. In this review paper, we
briefly summanzed the development course of nce cultivation from the previous high yield cultivation expenences
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Yield potential and nitrogen use efficiency of China’s super rice
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WAMNG Fei®, PENG Shao-bing"*®
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Abstract

In 18096, 3 mega project that aimed to develop rice varieties with super-high yield potential (super rice) was launched by
the Ministry of Agriculture [MOA) in China usimg a combination of the ideotype approach and intersubspecific heterosis.
Signifizant progress has been made in the last two decades, with a large number of super rice varieties being approved by
the MOA and the national average grain yield being increased from 8.21 tha™ in 18098 to 688 tha™ in 2015. The increase
in yield potential of super rice was mainly due to the larger sink size which resulted from larger panicles. Moreover, high-
er photesynthetic capacity and improwed root physiolagical traits before heading contributed to the increase in sink size.
However, the poor grain filling of the later-flowering inferior spikelets and the quickly decreased root activity of super rice
during grain filling pericd restrict the achisvement of high yield potential of super rice. Furthermore, it is widely accepted
that the high yield potential of super rice requires a large amount of M fertilizer input, which has resulted in an increase in
M consumption and a decrease in nitrogen use efficiency (WUE). although it remains unclear whether super rice per se is
responsible for the latter. In the present paper, we review the history and success of China's Super Rice Breeding Pro-
gram, summarize the advances in agronomic and physiological mechanisms underlying the high yield potential of super
rice, and examine NUE differences between super rice and ordinary rice varieties. We also provide a brief introduction to
the Green Super Rice Project, which aims to diversify breeding targets beyond yield improvement alone to address global
concems arcund resource use and environmental change. Itis hoped that this review will facilitate further improvement of
rice production into the future.

Keywords: super rice, yield potential, nitrogen use efficiency, Green Super Rice

1. Introduction

The global demand for crop production is expected to dou-
ble by 2050 as a result of the increasing size of the human
population, dietary shift that has resulted from greater levels
of affluence and biofuel consumption (Tilman ef al. 2011;
Ray et al. 2015). Rather than clearing more land for food
production, the augmentation of crop yields is the most
promising approach for maintaining food security with the

Received 19 Septernber, 2016 Accepted 8 December, 2016
Comespondence PENG Shao-bing, Tel: +86-27-B7288808,
E-mail: speng@mail hzau.edu.cn

© 2017, CAAS. Published by Elsevier Ltd. This is an open
access article under the CC BY-NC-ND license (http://

creativecommons.orglicenses/by-nc-ndi4.00)
doi: 10.1018/52005-3118(18)61561-7

minimum envirenmental impacts (Foley et al. 2011; Tilman
et al. 2011). Rice is a staple food crop for approximately
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Abstract: Rice leaves display lateral asymmetry around the midrib, and the narrow side exhibits
higher leaf area-based nitrogen concentration (Na) and soil plant analysis development (SPAD) values
than the wider side. However, the difference in the rl-_'laﬁunship bebween the SPAD of each side
and Na of the cormesponding lateral half, and the optimal position along the leaf blade for SPAD
measurements are not known. In this study, the relationship between SPAD and Na of both sides
of the top three leaves was determined with 17 rice varieties grown over three growing seasons in
two locations. The relationship between SPAD and Na displayed leaf lateral asymmetry, in which
the wide side reflected a higher coefficient of determination than the narrow side. The ability to
estimate MNa of the whole leaf was slightly improved by averaging SPAD values across the leaf sides
and measured points for the top bwo leaves. Apparently, it was more accurate and easier to measure
SPAD meadings on the wide side than the narmow side of rice leaf blade with respect bo estimating
plant N status. Due to the relatively poor rl-_'latiunship of the upper keaf, and the structural limit
for SPAD measurements of the base, this study suggests that the most suitable and representative
position for SPAL meter measurement on the leaf blade of rice is the lower-middle part from the leaf
apex on the wide side.

Keywords: chlorophyll meter; nitrogen; plant N status

1. Introduction

Rice (Oryza sativa L.} is one of the most important cultivated crops and is a staple food in the diet
of more than thnee billion peopke. Over the last 50 years there has been remarkable growth in rice
production, providing the foundation for progress towards global food secunty [1]. Rising crop yields
during mecent decades can be largely attnibuted to crop genetic improvement, improved irrigation
systems, and widespread application of fertilizers and pesticides, among which increased application
of nitrogen (M) fertilizer has been, by far, the most crucial [2,3]. Nitrogen is the mutrient element that is
maost limiting to the grow th and productivity of rice. Conventional farming makes extensive use of
N fertilizer to ensure profitability in soils with uncertain fertility levels, and as insurance to achieve
high rice yield [4]. Despite being a dominant factor in rice production and quality improvement, the
excessive use of N fertilizer has reduced N use efficiency, burdened farmers economically, and harmed
the environment [5]. Leaf N status is commonly monitored to determine the requirement for top

Symmmetry 2007, 9, 83; do10.3390/ sy m 060063 www.idpi.com/ jeurnal/ symmetry
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Yangtze River

Guanglong Zhu, Shacbing Peng, Jianliang Huang, Kehwi Cuvi, Lixiao Nie & FeiWang

in Radiation- and Nitrogen-Use
Efficiency in Middle Reaches of

The yield potential of rice (Oryza sativa L.) has experienced two significant growth perieds that coincide
. with the introduction of semi-dwarfism and the utilization of heterosis_ In present study, we determined
. the annval increase in the grain yield of rice varieties grown from 1936 to 2005 in Middle Reaches

of Yangtze River and examined the contributions of RUE (radiation-use efficiency, the conversion

. efficiency of pre-anthesis intercepted global radiation to biomass) and NUE (nitrogen-use efficiency,

: the ratio of grain yield to aboveground M accumulation) to these improvements. An examination of the
70-year pericd showed that the annual gains of 1.9 and 75.3 kg ha~"in 2013 and 2014, respectively,

. corresponded to an annual increase of 1.18 and 1.16% in grain yields, respectively. The improvements

. in grain yield resulted from increases in the harvest index and biomass, and the sink size (spikelets

. per panicle) was significantly enlarged becawse of breeding for larger panicles. Improvements were

. observed in RUE and NUE through advancements in breeding. Moreover, both RUE and NUE were
significanthy correlated with the grain yield. Thus, our study suggests that genetic improvements in rice
: grain yield are associated with increased RUE and NUE.

: Because of population growth, dietary shifts and biofuel consumption, the global food demand will double by
i 2050. The current rate of increased crop production will be insufficient to satisfy predicted demand'?, and such
. problems will be further intensified by dwindling arable land area, environmental damage, cdlimate change, and
: crop yield stagnation® . Therefore, to meet the global food demand, the yield potential of crops must be dramat-
. ically improved®.

Rice is the most important staple foed crop in Asia and has significantly contributed to global food secu-

. rity in the past, and will continue to feed approximately half of the global population in the future®’. The yield
: potential of irrigated rice has experienced two significant growth periods, with the first period driven by the
. introduction of semi-dwarfism and the second period driven by the utilization of heterosis®. Although multidis-
. ciplinary attempts have been made to increase the rice yield potential over the last decade, grain yield stagnation
. has been observed worldwide™ . Therefore, understanding the physiological mechanisms underlving histor-
. ical improvements in the rice yield potential would facilitate the identification of critical constraints for further
| improvements.

Ovwer the last two decades, a number of studies have been performed to determine yield improvements that

* occurred through the process of breeding for wheat (Triticum aestivim L)Y, maize (Zea mays L)', rice (Oryza
. sativa L.1'%, and soybean (Glycine max Merr )7, In rice, annual grain yield gains of 75 to 81 kg ha—! have been
. obtained for irrigated rice at International Rice Research Institute (IRRI) since 1966, gains of 42 kg ha—! have
. been obtained for irrigated rice in Texas since 1944, and gains of 15.7 kg ha—* have been obtzined for upland
. rice in Brazil since 1984'%'%"% In China, genetic improvements have accounted for 62-74% of the yield increase

Mational Key Laboratory of Crop Improvement, MOA Key Laboratory of Crop Ecophysiolegy and Farming Systemin
. the Middle Reaches of the Yangtze River, College of Plant Science and Technology, Huazhong Agricuftural University,
© Wuhan, Hubei Province 430070, China. Comespondence and requests for materials shouvld be addressed to FW.
. (email: fwang@mail hzau_edu.cn)
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Physiological Mechanisms
Underlying the High-Grain Yield and
High-Nitrogen Use Efficiency of Elite
Rice Varieties under a Low Rate of
Nitrogen Application in China

Lilian Wu, Shen Yuan, Liying Huang, Fan Sun, Guanglong Zhu, Guohui Li, Shah Fahad,
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Selecting rice varieties with a high nitrogen (M) use eficiency (NUE) is the best approach
to reduce M fertilizer application in rice production and is one of the objectives of the
Green Super Rice (GSR) Project in China. However, the performance of elite candidaie
SR varieties under low N supply remainzs unclear. In the present study, differences inthe
grain yield and MUE of 13 and 14 candidate varieties with fwo controls were determined
ata N rate of 100kg ha~! in field experiments in 2014 and 2015, respectively. The grain
yield for all of the rice varieties ranged from 8.67 o 11.00 t ha~ !, except for a japonica
rice vanety YG29, which had a grain yield of 6.42 t ha—'. HY540 and Y4949 produced
the highest grain yield, reflecting a higher biomass production and harvest index in 2014
and 2015, respectively. Total N uptake at maturity (TMpy) ranged from 144 to 210kg
ha~1, while the nitrogen use efficiency for grain preduction (NUEg) ranged from 35.2
to B2.0kg kg~ '. Both TNpy and NUEg showed a significant quadratic commelation with
grain yield, indicating that it is possible to obtain high grain yield and NUEg with the
reduction of TMpy. The cormelation between N-related parameters and yield-related traits
suggests that promoting pre-heading growth could increase TNy, while high biomass
accumulation during the grain filing period and large panicles are mportant for a higher
MUEg. In addition, there were significant and negative correlations between the NUEg
and M concentrations in leaf, stem, and grain tissues at matunty. Further improvements
inMUEg require a reduction in the stem N concentration but not the leaf N concentration.
The daily grain yield was the only parameter that significantly and positively correlated with
both TMpsgand NUEg. This study determined vanations in the grain yield and NUE of elie
candidate GSR nce vaneties and provided plant traits that could be used as selection
criteria in breeding N-efficient rice varisties.

Keywords: dally grain yield, Green Super RIce, grain yieid, rogen use stmclency
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Abstract

Rice yvield potential was greatly improved since the green revclution, but the occumrence of
ledging often restricts the achisvement of potential yield. Cumently, it is still obscure about
how the ledging-related traits change along with the genetic improvement in yield potential
of rice, atthough much efforts have been devoted to study the trend of and physiological
mechanisms underlying changes in grain yield. Therefore, fourteen rice mega-varieties that
werne released and disseminated from 15930s to 2005 in China wene investigated through a
two-year axperiment in the field condition. The results showed that large genotypic differ-
ences inlodging-related momphol ogical traits wene cbserved among these varieties. Lodg-
ing indax (L) of semi-dwarf varieties was significantly lower companed with that of SLX
(Shenglixian). Thers waene significant differences in LI among the semi-dwarf vareties, but
no relationship batwean LI and the release year was found. Bending moment (BM) of semi-
dwarf varieties released in 1940s-1380s was significaniy lower than that of SLX. However,
varieties released after 1880s had similar bending moment with 313 but significantly highar
breaking resistance (BR). The increase in both BM and BR after 1980s was related with the
increase in internode diameter (ND) and stem fresh weight Overall, this study disclosed the
changing pattern of |lodging-related traits in the genetic improvement of rice, and suggested
that further increase in ND, intemode dry weight {NDW) and dry weight per unit length
{DWUL) of lower internode in modem super rice variety could effectively enhance lodging
resistance and bring down LI

Introduction

Rice (Oryza sativa L.) is a major staple food for more than half of world's population [1]. Yield
potential of rice was greatly improved since the green revolution due to the development of
sermi-dwarf varieties in the late 1950s, three-line hybrids in the late 1970s, and super-hybrid
rice since 1996 [2-3]. The "three-line system” for hybrid rice production includes cytoplsmic
male-sterile lme, maintainer line and restorer line [2]. The success of super-hybrid rice was due
to a combination of superior agronomic characteristics of IRRT's New Plant Type and inter-
subspedfic heterosis [4], which led to a 12% advantage in yidd potential compared with

PLOS ONE | DOL 101571 floumal pone 0160104 July 28, 2016
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Abstract

This study set out to identify and characterize transcription factors regulating photosynthe-
sis inrice. Screening populations of rice T-DMNA activation lines lad to the identification of a
T-DNA mutant with an increase in intrinsic water use efficiency (IWUE) under well-watered
conditions. Flanking sequence analysis showed that the T-DNA construct was located
upstream of LOC_Os07g38240 (0sSAPTE) encoding fora stress-associated protein (SAP).
A sacond mutant identified with activation in the same gene exhibited the same phenctype;
axpression of 0sSAP 16 was shown to be enhanced in both lines. There were no differences
in stomatal development or momphology in either of these mutants, although overexpression
of Qs SAP16 reduced stomatal conductance. This phenotype limited GO, uptake and the
rate of photosynthesis, which resulted in the accumulation of less biomass in the two
mutants. Whole transcrptome analysis showed that overexp ression of Os5APT6 led to
global changes in gene expression consistent with the function of zine-finger transcription
factors. These results show that the gene isinvelved in modulating the response of rice to
drought stress through regulation of the expression of a set of stress-associated genes.

Introduction

Rice ((Oryza sativa) is one of the most important food crops feeding nearly 50% of the world's
population. It serves asa model species for genomics research in grasses [1] and was the first
crop plant to have the genome completely sequenced (International Rice Genome Sequencing
Project 2005). This genomic information offers great potential to help understand how biologi-
cal processes are regulated at the genetic level. It can also be wsed for crop improvernent that
aims to satisfy the inaresed demand for rice ina world undergoing rapid dimate change.

PLOS OME |DOL10.1371 fournal pone 0157244 June 15, 2016
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Genotypic Differences of Japonica Rice Responding
to High Temperature in China

Liying Huang, Yang Sun, Shacbing Peng, and Fei YVang*

ABSTRACT R::E the majnu’fnuclm:l:mp Forhrn.ul: than half of the
Lok coskivata wish buch bigh yiekd posrcial and vekerasce wor pnpula.u?uu.s. . more t :ln9|:.|96 ofrlu:rugmwn
o high remperarure is the main consrraine for planring japonica japonics m::s:w::iﬁ:fgpﬁu;h;nlgijvzimriiﬂnd
{ngco’:dlf‘:; ﬂm j:ldwqilﬁi ﬁ:ﬁ great differences exist between them in geographical distribu-
g — her with two indica{0. sating indica) mega tl.on.lcculﬂgcaJ adlnp_mtwn. plant mnrl.:h?.lcglcnl. and p['n_f_u.- )
cultivars (YLY& and HHZ) were studied in 2012 and 2013, ological characteristics (Oka and Morishima, 1997). Japonica is
The year 2012 was a cool year with an average cemperarure of w:u:l:J}' pl.s.nbnd._l.n East Asia because of its stable grain FE]'FI and
24.6"C. while 2013 was a hot year with an average emperarure high food quality at low t'.”“s_f:mm (Oka, 1388) In&hma’
oF26.2°C. 5 i differences in B e ]ap-umc:'i. ugmw_n rnam]}'m_ tlhm: provinces of northeast-
—— lghc j’PD“” S — w:rci PR ] ern China l:md_[la.ngsu Province in the Lulw-\:r R:a.cht_?ufd'l.:
analyzing che differences in grain yield and qualicy becween Y:mgl?tc RJ\fe'r [Chen et al., lﬂﬂ_é:l. l_n adclll:?u_n,Anh_m and

e 2 ye. Cotaparced with 2012, scidacsion in grain yick] oF 2013 Hubei Provinces also possess climatic conditions suitable for
ranged from 8.86 to 65.249% fo japanica cakivars, and by —2.11 planingjaponica (Zhang et al. 2012). Hubet Province in the
and 16.19% for YLY6 and HHZ, respecrively. The reduction Middlc Reaches of the Yangtze River s one of the main rice

. o ed from i i filling nercens. growing arcas in China with annual planting area of abont 2.1
n E::: T“Hd:z': ion. The m ?;"" dj;&'g pe i million hectares, however, planting arca of japonica is less than
e RE::";iEh u’:;ﬁmmmrgsﬂ; Tq;l;mfnr:l::ﬁrl:. 0.2 million hectares (Yangetal., 2013).

Culeivar CY2, HH3, and ZD11 escaped high remperamre
stress during the anthesis and grain-filling period duoe to cheir
long growth duration. WYG24, ¥YG4227, and NG44 were tal-
crant, while JI263, HDN3, and LG7 sensitive to high tempera-
ture ar anthesis. This ssudy demonstrares genocypic differences
in response o high emperarure among the eliee japonica culri-
vars from different areas of China and provides culrivars with
high temperarare rolerance thar could be used as donors in rice
(2. satipa L) breeding for a warmer world.

Recently, dur to the trend in preferences of consumers
eoward high-quality rice, faponica i_sbccomingmul:an:l more
popular in China because of its better eating quality (Chen
etal, 2006; Kangeral., ZDD-G:I. The average annoal per-capita
consumption of japonica has increased from 17.5 o M kgata
growth rate of (L6 kg per year in the past 20 yr (B, 2011). In
addition, the market price and national minimum purchase
price of japonica are about 20% higher than that of indica (Yin,
2014). It is predicted chat the income of farmers can increase by
3 thousand yuan per year, if 1 ha of faponica rice are planted in
Hubei Province (Zhang et al., 2013a). In 2012, a project aiming
o replace indica with japonica in Hubei Province was started

Core |de:as. . . . . |:n' the government (Yin, 2014).Currcndy. japonica is pla.r.ltn:l
" Grurcmw\;_n:I s;?ﬂfﬁ:;ﬁ:ﬂm[:ﬂ“m“ﬂTﬂhlﬁh tempera- mainly as late rice in Hubei Province (Zhang et al., 2012). It is
+ There were significant differences in high remperarure mlerance imporeant to expand planting area of japonica in the middle
among the elite japonica cultivars in China. scason, since the proportion of middle-scason rice is around
+ Some cultivars escaped high emperarure in the Lower Reaches &7% of the eotal rice planting area (Chen et al, 2011).
of the Yangrze River One major constraint for planting japonica in the middle season

is the high eemperatnre stress frequently occurred in the Middle
Reaches of the Yangte River, because japonica is mome sensitive
to high temperature than indica (Shah et al., 2014; Wanctal.,
2009). The advent of global warming makes it more difficnlt by
increasing the frequency of hear spikes (IPCC, 2014). Projections
using climate models indicates that 27% of global harvested arca
in rice would be exposed to at least 5 d of temperarures sbove the

Published 1n Agron. J. 108:626—636 (2016)

diot:10.2134/agron[2015.0507 MNanional Key Lab. of Crop Generic Improvement, MOA Key Lab.
Recerved 12 Ocr 2015 of Crop Ecophysiology and Farming System tn che Maddle Reaches
Accepred 17 Dec. 2015 of the Yangrze River, College of Plant Science and Technokogy.
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and Late-maturing Rice under Various N Rates in Central China

Fengxian Yao', Jianliang Huang?, Lixiao Nie?, Kehui Cui®, Shaching Peng® and Fei Wang®

'College of Lifa and Environment Seiences, Ganman Nermal University, Ganzhou, 341000, China

*National Kgv Laboratory af Crop Genetic Improvement, MOA Kev Laboratory af Crop Ecophysiology and Farming Syztemin
the Middls Reaches of the Yangize River, College af Plant Sciencs and Teclmology, Huazhong Agricultural University, Wuhan,
Hubei 430070, China

"For comespondance: fwangi@mail hzan edu.cn

Abstract

Sink size with spikelets mumber () is one of the critical factors determining grain vield in cereals including nice. Mitrogen and
dry matter zre regarded as the two mam factors contrelling the formation of sink size and the objectives of present study were
to examine the potential mechamsms underlying the difference in sink zize between the late matming YLY6 and HY 3 an early
matming and drought resistant vanety. The difference m the conimbunion of M and dry matter to the formation of sink size
between the two vareties was also investgated. Growth dwation of YLYS was 20 days longer than of HY 3. YLY6 produced
sigmificantly larger sk size than HY'3 due to mere secondary branches and spikelets, which resulted in higher grain vield for
YLY6. Application of N fertilizer increased spikelets number for both YLY6 and HY3. Smk size of HY'3 sigmificantly comrelated
with N accummlation from mid-tillering (3T) to panicle inthaton stage (PI) (R°=0.68) and N concentration m stem at PI
(R*=0.74). However, for the late-matwing vanety- YLY 6, formation of sink size was more associated with biomass accumulation
from PI-FL (flowenng, F*=0.82). Both N and biomass accumulation significantly contributed to the difference m sink size
between HY'3 and YLY6, wath B of 0.45 and 0.84, respectively. Taken together, this study mdicated that contribution of ¥ and
dry matter to the formation of sk =ize was different m 1ice vanehies with different growth durzion. & 2016 Friends Secience
Publishers

Kevwords: Fice; Spikelets; Smk size; Growth dusnon; Nimogen; Dy matter

Introducton concentration (Yoshida, 1973; Kim s al, 2010} and N
fartilizer (Hazegawa er al., 1994; Kamiji er al., 2011). Hone
Stagnation in rice yield potential and production has been st al (1997 found 2 migmificant difference n sink size of
observed frequently n last decads (Fay eral., 2012; Zhang er Kishibukan when the variefy was planted m three different
al_, 2014). Three mam components are wsed m the estimation locations. Despite of the lose relationship between sink size
of grain yield m cereal crops meluding rice, namely spikelet and grain yield, very few studies highlight about the eco-
number (m), percentage of filled spikelets and 1000-grain phy=iological mechani=ms underlyng the formation of smk
weight. Maximum grain yield 15 determined by the number siZe in rice.
of spikelets (sink size), since grain weight iz relatrvely Studies mdicates that formation of sink size 1= associated
genetically stzble (Yoshida, 1981). Therefore, a large sink with ¥ accumulafion and dry matter production in the
size 15 regarded as one of the essential traits in the new plant reproductive growth stage. however, there is still controversy
type (NPT) breeding at IRRI and China’s super hybrid nce about the specific period which determunes the spikelet
(Peng er al., 2008). oumber (Hasegawa af al, 1994; Yoshida & al, 2006).
Sink size includes panicles (m™) and spikelets per Previous studies have reported that N acoumulation before
panicle. Smee there 15 often a hade-off betwesn these two the spikelet differentiation is important for the final spikelet
traits, Yoshida er al. (2006) sugzested that analy=is of spikalst number (Wada, 1969), however, N accumulation at pamcle
mumber per m” would be more effective than separate initiation stage was found to correlate with spikelet number
analyzis of each of them. There were significant genotypic (Shiga and Sekiya, 1976; Kamyi and Horte, 1989). Similar
vanation in the sink size among different varieties (Peng at results have been reported by Hasegawa er all (1994), but 1t
al., 2000} and it 15 also influenced by various envirommental was suggested that vanation in spikelet number from 157
factors, like temperature (Mumakata, 1976), CO: field expenmentz could be more accounted for by

To cite thiz paper: Yao, F., I Huang, L. Nie K. Cud 5. Peng and F. Wanz, 2016, Dry matter and W conmiburions to the formation of sink size i early- and late-
mamuring rice under various N mces in cenmal china. Fe J Agric. Biol., 18: 46-51
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Abstract

Cumently, the urgency of halmeng rice production and emvimmmentl sk from nitmogen (M) fertilization is gaining sdentific md
public atention. As such, a field experiment was conducted to investigate therice yieldand the fite of applied-""N for Yangliangyou 6
(atwo-lme hybrid cultivar) and Lvdaog 7 (an inbred cultivar) using 10 combinations of N mtes and splitting mtos in the middle reaches
of the Yangtze River. The results showed that N application primanly affected fertilizer N loss to theemvironment, followed by plant N
ahsomption, but had litle effect on gmin yield. Genenlly, there was no significant increase in grin yield and M aconmulation in the
abovegmound plant when Ninputs surpassed 13001 170 kg ha™. Fertilizer N residue in soil peaked atapproximately 48 kg ha™ st an N
rate of 170 kg ha™ for both varieties; however, a sharp merease of fertlizer N loss occurmed with further merementally increasing N
mtes. Although o higher mtio of panicle-N fertilizer together with a lower mtio of tilaing-N fatilzer at mies of 130, 170, md
210 kg ha™" had no grain yield benefit, it promoted aboveground N aceurmulation and plant N accumulation derived from fertilizer
and it reduced the amount of N residue insoiland M loss to the environment. Owerall, reducing tillermg-N mtios and increasing panicle-
M ratios atan N e between 130 and 170 kg ha " using fortiler mies of90-0-40 kg ha ™ and 90-40-40 kg ha™" N at hasal-tillering-
panicle imtiation stages could rahace the adverse emvironmental nisks of chermical N from nee production without sacificing rice yidd.

Keywords Emvironmental risk - Grain vigld - ' *Ntrager - Nitrogen loss - Nitrogen management - Rice

Introduction and Miralles 2008). Hence, excess N, often as an extm
“insurance”™ component to prevent vield loss, is frequently
Nitrogen (M) plays a key role in crop vield formation because  applied to fields in modem nee production systems (Ju et al.
of a fundamental mle in biomass accumulation (Salvagioti  2009). The N fettilizer mte in paddy fields up to 324 kg ha™
was monitored in the Yangtze River region (Li et al. 200 5a).

Reasgumadble editor: Phil ippe Gl gues However, ce gmin yield dos not inarease proportionally
with the mereasing application of N fartilizer (Huang et al

= Jumlisng Huang 2007; Huang et al. 2008; Yan et al. 2009). it was demonstrated
jhutn 8 el hezs e that there were no mcreases in yield for nee cultivars 4007 and

Wuyunjingl 5 at mn N rate shove 150 kg ha™! in China (Yan
Mational Key Laboratory of Crop Genetic lmprovement MOA Key ot 5) 2009), Han et al (2012) concluded that the optimum N

Labomiosy of Crop Ecophysiology md Farming $ystem m the L . . . .
Middle Reaches ofthe Yangtre River, College of Plan Science and appll.mhm rate in the middle "‘Im-gm River basin was ap-

Technology, Husrhong Agricultural University, proximately 120-180 kg ha™. Excess N fertilizer application
Wuhan 430070, Hubei, China led to low N useefficiency (NUE) and negative environmental
? Department of Agriculture, University of Swabi, Swabi, Khyber impacts such as water and soil pollution (Peng et al. 2002; Li
Pakhtumbkhwa, Pakistm et al 2015b) md greenhouse gas emission {Chen of al. 2014;
T Sehosl of Like Selences, S ambalpur Univerdly, Sambalpe, Odisha, Cui et al. 2004). Efficient N fertilizer management is vital to
Indis maintaining gram yiek and minimizing environmental risk in

Agricultum| Buresy of Wisoue City, Wosue 435400, Hubs, China rice 'Fl'DdL‘I:-T.'I.I:B'.I

*  Hubei Collshorstive lnnovation Center for Grain Industy, Yangtee In fact, NUE has been c,mﬁrme-d o bcmm on N
University, Jingzhou 438023, Hubel, China management practices, particularly mtes, tming, resources,
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ABSTRACT

Eepwords

Hiomaes prod oetion
Direcn steding
Double-SEamon ri
(Grain yiedd

St grow durad on

The labar shortage requines that double-season toe be planied with direct-sseded cop establishment. Only the
varisties with shart growé durations @n be used in directsesded, double-semon rice under subtropial con-
ditions in central China in which the thermal time is Emited . The ohjective of this study was to evaluste the grain
yield and associated plant traits of direch-sesded, doubl e-season rice using varisties with short growth duations.
Field sxperiments were conduatsd wing five shart-duration varieties in the sarly and late sessons of 2015 and
2016 in Wuxe County, Hubsi Province, central China. The grain yield rangsd fom 640 to 988t ha ™" witha
total growth duration of 89 to 106 d agos vaneties, sexsons, and years. The wide diffe rence in grain yield was
atributed m the spikelets per panicle and biomass production. Overall, Zaoxiané 15 (ZX6 15) producesd relatively
high grain yiekl across seasons and years among the five varieties due to its tal] plants, heanvy panides, and high
crop growth mte. The high temperatmes during the vegetative stage and low daily minimum tempera ures
during the ripening period were critical for the yield performance of the sarly sexson rice, whereas the grain
yield of the lateseason rice was largsly driven by the high daily solar radiation during the reprodudive and
ripening periods. Our resuls suggestad that rice bresders should develop short-duration rce varisties witha
high crop growth rate and hiomass production through desimble plant traits of tal] plants and heavy pamicles to

further improve the grain yield of directseeded, double-season rice in oenimal China.

1. Introducton

Rice is the staple food for more than halfl of the world's population
(Ehash, 2013). The predicton i that dee production must increase by
at least 1% annually to meet the growing foed demand that resulis from
population growth and economic development (Rosegrant etal, 1995).
Srudies suggest that most of this increase must come fom sustainable
Intensification on the exiting farmland rather than expanding cropland
area [Casaman, 1999). In other words, it eounts on greater yield per un it
land and tme, referred to as intensification. There are two primary
intensification options as follows: (1) increasing rice yield through
management optimization and genetic improvement {Newmann of al,
2010); and (2) wdng the existing cropland more frequently each year
through multiple ecropping (Ray and Foley, 2013). Many studies have
indicated that doe farm yield in the major production amas & ap-
proaching itz dimate-adjusted yleld potential celling {Grassini et al,
2012; Ray et al., 2012), and it will be difficult to incresse the dee farm
yield further unles there iz marked genetic improvement in weld

= Cormespanding author.
Emaid addrec s peng@mailhzauedu m (S Pengl.

hitps//doiorg/10.101 6/ for2018.08 002

potential {(Casmman, 19990 In contrast, a great opportunity o increase
cropping intensity exsts in many countdes, which b adwocated by
many researc hers as an important approach for achleving foed security
in the furure (Slebert et al., 20010; Ray and Foley, 2013)

Rice growth duration is a primary determinant of erop rotation in a
rice-based cropping system, and shoriening the growth peried is con-
duscive to increasing eropplng intensity (Dingkubn, 1995). Before the
green revolution, most iraditional rce varketies in Asia manmed in
160-170 d became of sensitvity to photoperod (Khsh, 2001). These
varieties eould barely allow one erop of dee peryear. The availability of
ithe shorter duration modem variety, manered in 120-130 d, hes led toa
quantum leap in cropping intensity and increased ree prodisction
(Khush, 20010 At present, further shortening the growth period will
increase the fexibility in crop rotation in intensive cropping sysiems
and provide more opportunites for improving cropping intensity. In
China, the amble land per capita & only 43.3% of the world average
(FAQ, 2015). Under such a condition, a double-season rice system al-
lows two rice harvests per year, which is an effective measure to leave

Received 14 April 2018; Recsived in nevissd form 1 August 2018; Accepied 3 Augist 2018
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ARTICLE INFO ABSTRACT

Kepwords Hytrid rice has higher yield potential then inbred rice under optimum growing conditions whenlarge amountof
Hytid resources are provided However, lite attention has been paid i the performane of inbred and hvbrid rice
::‘ﬂ cubtivars under simplifisd and reduced-input practicss (SRIFL. Fisld sxperiments wens conductsd to svaluats the

performance of widely grown inbred (Huanghwezhan, HHZ) and hybrid (Yangliangyou 6, YLYE) rice cultivars
ol and et lope prais across Barmeny’ practios (FP) and SRIP trestments in central China in 2014 and 2015, Compared with FP, re.

ducing N input by 50.0% (SRIPy) caused madimum yield reduction of 12.8%, while reducing planting density by
33.3% (SRPp) did not affiect grain yield as much as SRIPy. The large reduction in nesounce inputs did not ase
substantial yield lomes because of compensation among yiekd omponents. The average viekl of YLYS was
138 tha™" higher han thet of HHZ Higher yield of YLY6 was mainly resulted from longer total growth
dumation, and higher total dry weight, leaf area index, and 1000 grain weight than HHZ Mone importantly, the
yigld advantage of YLYE over HHE was greater in SETP than in PP, which implies that ¥1Y 6 was les sensitive to
reduced inputs than HHZ Overall, the yield stability of YLYS was significamtly higher than that of HHZ aoroes
the crop management trestments and years. These results suggest that hybrid ree & mare suitable to simpli fied
crop management practicss with reducsd inpuis than inbred rice.

1. Iniroducd on by 427 times from 2003 to 2013 (Zhong, 2016). In addition, the in-

crease in the prices of agrochemicals and seeds was substantial over

China is the largest doe producer and consumer in the world (Cheng
and Li, 2007 Rice yiald in China has increased by more than two tmes
over the kst five decades (FAD, 2017), which has contributed sig-
nificantly to the naton’s food security. The increase inrice vield was
primanly atributed o crop genetic improvement, increased agronomic
input, and improved crop management practices {Casaman, 19991 In
the past, the main focus of dee msearch in breeding and crop man-
agement was high yielding withowt much constderation of inputs of
labor and other msoumes in China. Achieving super high ylelds was
dlso advocated in dee production with ample supply of labor, water,
and agro-chemicals In recent three years, however, Chinese govern-
ment has issued several key policy documents which emphasized on the
inereases of crop production effielency with reduction in vadous inputs
(MOA, 2015; Fang et al., 2016). As a consequence, rice prodwetion & in
the unprecadented period of transition in China {Peng, 2014).

A serlous labor shortage has oecurred recently in the mural areas of
China with the development of wbankzation and the acceleration of
Industrialization (Fang, 2007). As result, neral labor cost has increased

" Corresponding ambor.
E-modl gddress: spengifmail eau edocn (5. Peng).
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OI7B-LB £ 2017 Elsevier BV, All rights rrserved.

the same perod. Overall, the cost of rice production in China has in-
creased from 10,829 CNY ha 7 in 2004 1o 17,648 ONY ha " in 2014
(NORC, 2015). This has resulted in a large decline in the profit of fee
production and farmers’ willingness to grow rice (Xv etal, 2000). Mo
importantly, high agro-chemical inputs have put great burdens on the
environment in recent years (Zhang ef al., 2013). Qearly, it is vital to
increase resource wse efficlency with simplified and reduced-input
practices (SRIF) in ree production.

Inputs of M fertilizer and seeds represent a major propartion of dee
production costs, second to labor inpul. Rice crop in China wses about
36% of the total N fentilizer used for fee production in the world, al-
though its planting area accounts only for 19% of the world total dee
planiing area (Peng et al, 2002). The average N application rate per
unit area for ree production in China k& 75% greater than in other
ontmnires {Peng etal, 2000). High N input leads tolow N use efficiency
(NUE) due to rapid N losses (Peng et al., 2006), which may further
induece soil acidification {Guo et al., 20100, water pollution (Diaz and
Rosenberg, 2008), and increased emissions of greenhouse gas (Cassman
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practices for maximizing grain yield
of double-season rice crop

Depeng Wang, Jianliang Huang, Lixiao Nie, Fei Wang, Xiaoxia Ling, KehviCuvi, Yong Li &
Shaobing Peng

Information on maximum grain yield and its attributes are limited for double-season rice crop

grown under the subtropical environment. This study was conducted to examine key characteristics
associated with high yielding dowble-season rice crop throwgh a comparisen between an integrated
cropmanagement (ICM) and farmers' practice (FP). Field experiments were condwcted in the eardy and
late seasons in the subtropical envirecnment of Wuxue County, Hubei Province, China in 2013 and 2014.
Cn average, grain yield in ICM was 13 5% higher than that in FP. A maximuem grain yield of .40 and
10.53 t ha " was achieved under ICM in the early- and late-season rice, respectively. Yield improvement
of double-season rice with ICM was achieved with the combined effects of increased plant density and
optimized nutrient management.Yield gain of ICM resulted from a combination of increases in sink size
due to more panicle number per vnit area and biomass production, further supported by the increased
leaf area index, leaf area duration, radiation vse effidency, crop growth rate, and total nitrogen

uptake compared with FP. Further enhancement in the yield potential of double-season rice should

¢ focus on increasing crop growth rate and bismass production through improved and integrated crop

management practices.

Rice is the staple food for more than half of the world's population and for more than 65% of the Chinas popula-
tion'<. Increasing world rice production in a sustainable manner is vital for ensuring global food security®. Global
crop production can be increased by expanding the area of croplands, increasing crop yield, and increasing mul-
tiple cropping index®. Cropland expansion is not feasible because of urbanization and environmental concerns
such as biodiversity boss and greenhouse gas emission®. It is essential to maintain the increase of rice yield at an
annual rate of 1.5% and at the same time to increase the harvest frequency of existing croplands® in order to keep
pace with the food demand of the growing human population.

Grain yield can be increased by breeding new rice varieties with greater yield potential and by improving
crop and resource management to enhance actual farm vields®”. Optimum crop management especially nutrient
management has proven to be highly effective in improving rice grain yield’®. Other management practices such
as planting methods and plant density, quality of seeds and seedlings, and irrigation regime can also affect grain
vield to some extend® !, (in ef gl argued that testing single component of management practices independently
may not capture the impact a holistic package would have on enhancing rice grain yield"Z. Ladha ef al. stated that
closing the yield gap is becoming increasingly difficult to achieve by using a compoment technology in isolation®.
A more integrated approach involving netrients, water, and other agronomic management factors will allow the
maximization of rice grain yield. Furthermaore, amultaneously applying a number of the best compatible indi-
vidual technologies could maximize overall benefits to farmers. Depending on the need and profitability of new
technologies, farmers generally integrate new technologies with existing farmers’ practice (FP), which has been
referred to as integrated crop management (ICM) or best management practices®. Several recent studies have
reported greater vield improvement with ICM compared with individual crop production factor' ™',

In the subtropical climates, rice can be grown up to two times per year on the same field. In the subtropical
environment of Hubei province in China, for example, double-season rice cropping is usually practiced with
an early-season crop from April to July and a late-season crop from July to October®®. The wide adoption of

Mational Key Laboratory of Crop Genetic Improvement, MOA Key Laboratory of Crop Ecophysiology and Farming
System inthe Middle Reaches of the Yangtze River, College of Plant Science and Technology, Huazhong Agricultural
University, Wuhan, Hubei 30070, China. Comespondence and requests for materials should be addressed to 5.P.
(ernail: speng@mail. hzaw.edu.cn)
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Tropics and subtropics

Crop yields are largely influenced by air temperature and solar radiation, but the individual effects of
these weather variables are difficult to distinguish because they are often not independent. Here, we
demonstrate a large effect of temperature on rice grain yield when solar radiation and crop growth dura-
tion were not confounding factors for explaining yield difference across two locations in the tropical
and subtropical emvironments. We found that grain yield of double-season rice crops in the subtropical
environment of Wuaxue County, Hubei Province, China was 9-66% higher than that in the tropical envi-
ronment of International Rice Research Institute {IRRD), Philippines. Such yield difference was not caused
by the difference in crop growth duration from transplanting to maturity. Biomass production rather than
harvest index was responsible for the yield difference. Average daily minimum and maximum temper-
ature from transplanting to maturity at IRRI was 3.4 and 1.9-C higher than that at Whuxuoe, respectively,
whereas average daily solar radiation at Wwoee was lower or similar to that at [RRI. Crop's efficiency in
converting sodar radiation into biomass (i.e. radiation use efficiency, RUE) at Whaxue was 48% higher than
that at IRRI, which was associated with the difference in temperature between the two environments.
W concluded that lower rice yield in the tropical environment was associated with lower RUE, which
was due to the higher temperature compared with the subtropical environment. Our resulis suggested
the crop adaptation strategses for global climate changes should focus more on future warming.

© 2016 Elsevier BV, All rights reserved.

1. Introduction

will have to depend on higher grain yield { Cassman et al.. 2003) and
more frequent harvests on the existing land (Ray and Foley, 2013,

The world is facing potential food shortages due to the growing
population and the threat of climate change on crop productiv-
ity (Long et al, 2015), Rice is the staple food for more than half
of the world's population (Maclean et al., 2002). World rice pro-
duction has nearly tripled in the past five decades mainly due to
increased grain yield and partly due to increased planting area (FAD,
2015). However, the arable land used for rice production is reduc-
ing because of urbanization and industrialization in the major rice
producing regions (Long, 2014), Future increase in rice production

* Carresponding author.
E-muil address: speng@mail. feaweducn (S Peng).

hitpeffdx.dioi ongl 10,101 &j.fcr 201605 008
0I7 84250/ 2016 Elsevier BV, All rights reserved.
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Irrigated rice land contributes more than 75% of total rice pro-
duction although it accounts for about 55% of total rice area. Unlike
rainfed and upland rice systems, water is not a limiting factor for
grain yield in irrigated rice system. Yield potential is defined as the
yield obtained when an adapted cultivar is grown with the minimal
possible stress that can be achieved with best management prac-
tices [Cassman, 1999). Climatic yield potential of irrigated rice is
largely influenced by air temperature and solar radiation (Yoshida,
1981),

Plant maintenance respiration increases with increasing tem-
perature {Amthor, 2000) and higher maintenance respiration
reduces the amount of assimilates available for growth and yield
formation (Monteith, 19811 In addition, high temperature may
reduce biomass production and grain yield by accelerating the
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