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Abstract: It has been established that concentrations of greenhouse gases (GHG) such as CH,, CO,, and N,O in the
atmosphere have dramatically increased since the beginning of the industrial revolution, primarilybecause of fossil fuel
combustion and land use change. Meanwhile, the increased GHG concentrations have led to a rapid rise in global

temperature over the past decades. The impacts of future global warming on the structure and function of agricultural
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ecosystemsmay not only change the carbon balance of terrestrial ecosystems, but also threat the safety of the future global
food supply. Maize ( Zea mays L.)is one of the most important crops worldwide, and thus maize production determines the
safety of the food supply in many regions of the world,includingthe North China Plain, which is an important region of crop
production in China. Ithas been predicted that global warming may reduce maize yieldsin this region. However, the
underlying mechanisms of the effect of climate change on crop production are not well understood.In particular, the impacts
of global warming on the leafl structure, physiology, and biochemistry of crops such as maize plants were previously
unknown.In this study, we examined the effects of experimental warming on the morphology, anatomy ,ultra-structures, and
physiological traits of maize leaves,via a fieldexperiment usinginfrared heaters conducted in a typical agriculture ecosystem
on the NorthChina Plain. The warming experiment features six 3X4 m plots, with three of the plots serving as treatments and
the others as control plots. In comparison to the control, the warming increased the air, soil, and canopy temperature by
(1.42+0.18)/(1.77+£0.24)°C ( day/night), (1.68+0.9)/(2.04+0.16)°C (day/night), and (2.08+0.72)°C( day)
during the maize growth period. The results showed that experimental warming significantly decreased the width and
thickness of maize leaves by 4% (P =0.017) and 10% (P<0.001) ,respectively, but barely affected leaf length. The
decreased leaf thickness was mainly due to the decreased mesophyll cell size ( mainly palisade tissue ) rather than the
number of cell layersproduced by maize leaves under warming conditions. Interestingly, experimental warming also
significantly reduced the distance between vascular bundles by ¢.10% and the area of vascular bundle by ¢.30% , resulting
in more and smaller vascular bodies. In contrast, elevated temperature significantly increased the average length and width
of chloroplasts by 46% and 50% , respectively, compared to the control. This resulted in a dramatic ¢.140% increase in the
chloroplast profile area. Moreover, experimental warming also increased mitochondrial size by c¢. 53%. Our results also
showed that experimental warming significantly increased net photosynthetic rates (P, ), stomatal conductance (G,), and
transpiration rates (7.) by 52% (P=0.019), 163% (P=0.001), and 81% (P =0.017), respectively. Meanwhile,
experimental warming significantly decreased dark respiration rates in the leaves (R,) by24% (P=0.006), but had little
effect on intercellular CO, concentration ( C,) or water use efficiency ( WUE ). These results suggest that future climate
warming may not only directly change maize morphology and structure, but also influence the biological functions (such as
photosynthesis and dark respiration) of maize leaves on the North China Plain. Our results may be of great importance for
understanding the mechanisms of the maize response to experimental warming, and thus provide important information for

agricultural ecosystem management under future global conditions.

Key Words: Global climate warming; maize; morphological and anatomic structures; physiological traits; North
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Fig. 1 The experimental warming site in a typical agriculture ecosystem in the China Northern Plain
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Table 1 Effects of experimental warming on the morphological, anatomical, andultrastructural characteristics of maize leaves

S Parameter X H& Control HIME Warming 345 Increase/ % P-Value
258035 Morphological data

HH K Leaf length/cm 78.423.1 79.9+2.2 1.9 0.256
MR FEBE Leaf width/cm 10.2+0.7 9.8+0.6 -3.9 0.017
M H BB Leaf thickness/pum 167+11 150+25 -10.2 <0.0001
5 B4 Anatomical data

IH- P JELEE Mesophyll thickness/ wm 12211 11020 -9.8 0.001
A0 if)Z%L Number of cell layer 8.1+0.7 8.6+0.8 6.2 0.068
BXIEJEE Interveinal distance/pwm 12219 109+29 -10.7 0.027
A RS A Vascular bundle area/pum? 4946+1251 3538+1568 -28.5 0.001
AL P T Sub-stomatal cavity area/ pm? 7424271 761344 2.6 0.851
MR LU0 i T AR Palisade mesophyll cell area/ pm? 374+81 246+153 -52.0 <0.0001
AR AL AR Spongy mesophyll cell area/ pum? 226+88 216+85 -4.4 0.525
A A T B Mesophyll cellarea/ pum? 297+57 231+91 -22.2 <0.0001
AL TS 400 1 A Bundle sheath cell area/ wm? 487225 459+170 -5.8 0.446
A 4% S8 Mesophyll ; bundle sheath 0.79+0.42 0.64+0.37 -20.0 0.093
%I A ZH4Y Mesophyll/ % 51.9+7.4 45.2+7.7 -12.9 0.010
%o HE R H I ZH1 Bundle sheath/% 28.1+5.3 27.8+5.8 -1.1 0.872
A 4% SR8 Mesophyll ; bundle sheath 1.9+0.5 1.7£0.6 -10.5 0.270
AR fIRERE Cell wall thickness/pm? 0. 6+0.1 0.4+0.1 -31.5 0.031
A I #5540 Organelle data

M2 A E Chloroplast length/ wm 6.1+1.2 8.9+0.9 45.9 <0.0001
524K 55 & Chloroplast width/wm 1.420.2 2.120.2 50.0 <0.0001
-2 445 THI T FX. Chloroplast profile area/ pum? 6.3x1.1 15.2+1.4 141.3 <0.0001
Yl P9 2% 445K Chloroplast number per cell 8.8+2.6 11.8+2.4 22.7 0.240
2R P9 T4/ NBR B Plastoglobulis per chloroplast 8.6x1.1 9.9+1.8 15.3 0.151
ZRi AR/ Mitochondrial area/pm? 0.17+0.04 0.2620.06 52.9 0.01
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FHEN T EARM R OGS ROV B (P,) AL (G,) FIZEE AR (T,) SRTAD 2 FEAR T FORM R
WG HCR (R, AH SR IR B35 U M B B4R R] COL YK BE (C,) FIK AR HRCR (WUE)  WFsE 45 5 R, 58
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HIAHMEIE] COMREE(C,) 25% (&l de) , HIRIBTFEAR T M FroK 3 FIHBCR (WUE) 15% (1 4F) (B2 %52 0 I 1%
HRE R EARFE(K4),

3 Wit
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S F S B AT S O T 5SRO e SRR T 0 6 A 070 AT OB A
TR R F 056 2 15 T AR 1 % St S T, B R TR 4 o A R
(P<0.001; 4 4a) .
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Fig. 2 Effects of experimental warming on the morphology and anatomical structures of maize leaves
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Fig. 3 Effects of experimental warming on the ultrastructures of maize leaves
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Fig. 4 Effects of experimental warming on the gas exchangeparameters of maize leaves
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