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Abstract: A field experiment was conducted on the farm of Res. Sta. Coll. of Agric. Univ. of
Baghdad during 2018-2020. The experiment involved 26 recently developed maize crosses
plus an adopted check hybrid. Fall planting of maize in Irag gives higher yield than spring
planting, but it is confronted with high grain moisture at harvest (30-40%) through the rain
season. The main goals of this experiment were; to have crosses of low grain moisture, high
grain yields, and harvesting before rain season. Seeds were planted about 10 days earlier than
recommended, and harvested at mid-October. There were heat tolerant, semi-tolerant and
sensitive crosses. The top five heat tolerant crosses were;1-pio3x60L, 2-60 frc x J1, 3-
17AxJ2, 4-Pio3 x B74 and 5-4f6xB74. Other crosses were either semi-tolerant or heat
sensitive. It was concluded that high heat temperatures (45-55¢) has negative impact on many
growth parameters, enzyme activity, DNA damage, and microsporogenesis and/or
microgametogenesis. Maize genotypes still have excellent opportunity to breed for high
temperature and other abiotic stresses. Gene transfer will not be helpful as evaluation and
screening if genetically diversed genotypes. Such plants characteristics could be controlled by
hundreds of not thousands of genes. Cycles of reselection on some individual unique plants
inbred population will be helpful to have new genetic variations in maize germplasm.
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INTRODUCTION

Maize (Zea mays L.) ranks the third after wheat and rice, and this explains its significance in
animal feed, and human diet in the world. This crop is a C-4 crop which give it an excellent
chance for high productivity. There are many constraints to produce higher grain yield of this
crop and many other crops. Among those constraints is abiotic stress. In Iraq, maize is being
grown for years into two planting seasons, spring planting in mid-March, and fall planting in
mid-July. Spring planting gives about 60%gqrain yield of fall planting and harvested between
end of June and beginning of July so, there will be no grain moisture problem and rainy
season that makes soil muddy against harvesting equipments. For the higher productivity of
maize in fall planting, farmers prefer this planting season. However, harvesting the crop of
this planting season has the problem of high grain moisture which causes the growth of
molds, and the difficulty of harvesting, because rain season starts at time of harvest. The low
grain yield of spring planting is due to high temperatures at time of pollination causing poor
seed-set. In fall planting, seed-set is better, so, the productivity is higher, but still the problem
of high grain moisture. Several investigators have studied the impact of high temperatures on
micro- gametogenesis in maize. Tiwari and Yadav (2019) reported that high temperature of
environment has negative effects on anthesis, silking, and grain filling. Rieu et al (2017) also
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stared the negative effect of high temperature on male gametes of maize. Lyakh et al (1991)
mentioned that maize pollen viability was strongly decreasing at 38 °C, and that the tassel of
the maize plant could lose high number of viable pollens leaving silks without fertilization,
although the tassel could contain 5-50 millions of pollen grains (Poehlman 1959). The
negative effects of high temperature on pollen viability was attributed to reduced starch
content, decreased enzymatic activity, and reduced pollen germination (Begcy et al 2019).
However, the last authors also concluded that negative effects of high temperature will be the
most through the development stage of microsporogenesis to microgametogenesis. On the
other hand, silk dryness is another negative effect of high temperature on maize seed-set and
yield (Naveed et al 2014). This experiment aimed screening some recently developed single
crosses of maize to high temperatures at time of pollination, by early planting in July to avoid
the problem of high grain moisture at harvest, causing molding and loss of high quantities of
this crop in Iraq, besides the need to spend energy to dry grain before storage.

MATERIALS AND METHODS:

On the farm of Research Station, of the College of Agric., University of Baghdad, Abu-
Gharib, an area of land was prepared for planting. Some recently developed inbreds of maize
were planted in fall season of 2018 for seed increase. These inbreds were Pio3, 60L, 4f6, A4,
A7, J1, 17A, B74, 73brdwc, Den4, 60frc, and J2. Some of these inbreds were developed
according to some promising traits (Elsahookie et al 2018). In fall 2019, seeds of these
inbreds were planted in enough populations to do crossing among some of them according to
our knowledge on combining ability of those inbreds. At time of maturity, seeds were
collected and kept in room temperature for planting in next season. In fall of 2020, all enough
seeds of crosses were grown on 50x25 cm spacing. Weeds and corn borer control, irrigation
and fertilization were applied as recommended (Elsahookie 1990). There were 26 single
crosses grown plus a control (Zm 60 x Zm 21) which is a registered and adopted hybrid in
central Irag. The crosses parents and their symbols are shown in Table 1.

Table 1. Number and parents of maize crosses used.

No. | Crosses No. | Crosses No. | Crosses No. | Crosses

1 Pio3 x 60L 8 Ad x 17A 15 17Ax J1 22 73brdwexJ2
2 4f6 x 60L 9 A4 x B74 16 17Ax60L 23 A7 x Den4

3 A7 xJ1 10 A4 x Den4 17 17AxDend | 24 73brdwexJ1
4 A7 x 17A 11 A4 x J1 18 60frcx17A | 25 Pio3xB74

5 A7 x B74 12 73brdwcx60L 19 60frcx J2 26 4f6xB74

6 A7x73brdwc | 13 73brdwcx17A 20 60frcx J1 27 Zm60xZm21
7 A4 x 60L 14 73brdwcxDen4 21 17A%])2

Planting was in the first week of July, 2020 to give plants higher chance to suffer from heat at
time of pollination. The design used was an RCBD of four replicates. The sampled plants
measured for agronomic traits were tagged to be taken for grain yield. Plots were 4m long
and 3m wide. Each plot contained 6 rows of 50 cm apart. At the end tasseling, agronomic
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measurements were taken as shown in the Tables. Leaf area was taken on five plants of each
experimental unit. The formula used was:

Leaf area / plant = Y Lb® x 0.65.

Lb = is the length of leaf which is located below ear leaf (Elsahookie 1990).

Stem volume was measured as a cylinder. Chlorophyll index was taken by Spad at harvest
maturity. Ears were left to dry for 5 weeks in room temperature. Ears were hand threshed,
cleaned, and weighed with 15% grain moisture. Data were tabulated and statistically
analyzed.

RESULTS AND DISCUSSION:

Field plant traits:

Data taken on plant height, leaf area, stalk volume, and chlorophyll index (Spad readings)
are shown in Table 2. Crosses were significantly different (a5%) for the four measured traits.
Taller plants of crosses did not necessarily give wider leaf area. This implies that shorter
plants had wider and/or longer leaves to substitute for leaf area. Genotypes leaf area if not
higher in photosynthesis efficiency, they will not show better growth or higher grain yields.
Stalk volumes of crosses plants show significant

Table 2. Means of yield components and grain yield of maize crosses studied.

Cross Plant height (cm) | Plant leaf area (m?) | Stalk volume | Spad index
number (cmd)
1 163 0.621 288 29.5
2 183 0.522 369 44.5
3 164 0.621 290 25.8
4 154 0.677 260 32.8
5 164 0.711 317 32.7
6 137 0.551 232 39.2
7 140 0.590 238 36.7
8 142 0.668 312 37.8
9 150 0.704 290 49.2
10 171 0.677 128 32.0
11 185 0.649 327 37.02
12 163 0.490 206 315
13 145 0.537 267 36.8
14 172 0.572 278 37.2
15 137 0.545 171 30.5
16 121 0.517 161 375
17 154 0.658 226 45.7
18 124 0.589 240 39.0
19 169 0.571 215 43.7
20 188 0.594 304 36.5
21 143 0.599 266 49.5
22 147 0.541 249 32.8
4394
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23 186 0.706 300 23.7
24 156 0.468 167 26.0
25 152 0.586 246 27.3
26 185 0.460 405 42.2
27 144 0.563 290 34.0
LSD5% |5 0.036 42 4.5

differences in this trait. Chlorophyll index values taken on flag leaf or the penultimate leaf (if
flag leaf was damaged) show significant differences. These four studied traits in general were
related. However, it could be noted that a tall plant with lower leaf area such as cross number
2 of 183cm gave 0.522m?, while cross number 15 of 137cm gave 0.545m? leaf area. If we
look at plant leaf area and stalk volume, we may be notice a similar thing. The cross number
9 gave 0.704m? leaf area and 290 cm® stalk volume, while cross number 26 gave 0.460m?
leaf area and high stalk volume (405cm?®). When stalk volumes were studied, we kept in mind
that stalks with higher volume will probably have more photosynthesis to feed grain filling,
but the case was not, although, we can say that plant with lower stalk volumes will give better
harvest index. The same trend is found between stalk volume and Spad index. The cross
number 15 had 171cm? stalk volume and 30.5 chlorophyll index, the opposite case is with the
cross number 3 which had 290cm? stalk volume corresponding to 25.8 chlorophyll index.
These results show why researchers need to study their genotypic populations for all traits
under study for different genotypes have different relationships among their agronomic traits.
There were some deleted crosses, (not involved in Table 2) that was for those crosses were so
sensitive to high temperature at time of pollination. Temperatures measured at time of
pollination ranged between 45-55 °C for a few hours a day, so, in this way, we had a good
screening chance for all heat sensitive crosses. Those sensitive crosses gave only a few
kernels per ear, and many of them without grains (Plate 1).
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Platel. Ears of sensitive semi-talent, and tolerant crosses of maize to high temperatures.

High temperatures through time of pollination cause pollen dryness and death, and also the
silks will dry off and cannot be receptive to pollens (Naveed et al 2014). The most amazing
point that these authors reported that: every one degree of temperature higher than 35°C
during pollination and grain filling decreases maize grain yield by 101 kg/ha every day. In
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case that pollen was active and has pollinated the silk, under temperatures 45°C and up, it is
still difficult to pollen tube to grow will. However, when temperatures measured at time of
pollution (45-55°C), that was in the shade, but plants were grown under direct sun, that will
be more harmful to pollens, silks, and pollen tube growth. Many disruptions in metabolism
and nutrient translocation will also take place, and have negative effects on pollens, silks
activity, and grain filling. Palmer (2019) mentioned that starch, sucrose, fructose, enzymatic
activities, and DNA were involved in fertilization failure under high temperatures. Janni et al
(2020) emphasized on the need to study the mechanisms of cultivated plants to cope with
abiotic stresses. Meanwhile, these mechanisms are not easily transformed by new
technologies of gene transfer, for they should be in hundreds, if not thousands of genes.
Kandel et al (2018) stated that plant heat tolerance is a quantitative complex trait, and
selecting genotypes tolerant to heat is the best way in a breeding program. This explains that
germplasm collection and screening is a premium step towards having heat tolerant elite
hybrids of maize. ElI Sabagh et al (2020) stated that it is so necessary to breed for heat
tolerance and other abiotic stresses due to climate change to boost crop production for
increasing human population. This idea has been recommended also by some other
investigators (Elsahookie 2013, Lorenz et al 2019 and Prasad et al 2017 and 2018).

Grain yield and components:

When maize genotypes grown under high population densities, it is seldom to find a genotype
of more than one ear/plant as a mean for that genotype. These crosses were grown under 80
thousand plants/ha (50x25cm), and this is why all crosses plants gave only one ear per plant.
Data of Table 3 show the results obtained on yield components and grain yield of crosses
under study. Grain number per ear is one of principal component of grain yield in unit area
along with grain weight. The crosses differed significantly in this trait and in the other three
traits shown in the Table. If the cross gives ears with high number of grains coincided with
heavy grains, this cross will produce higher grain yield in unit of area. Ear grain number was
ranging from 215.8 in cross 4 to as high as 533.5 grains/ear of the cross 21. It can be noted
that cross 4 gave lower grain yield (6.64Mg/ha), and cross 21 gave high grain yield (12.16
Mg/ha), although there was cross 1 which gave 14.20 Mg/ha but it was not significantly
higher. The second component is the grain weight. Table 3 shows that the heavier grain
weight was with cross 4 (0.385 g/grain) but its grain number per ear was low. The least grain
weight was with cross 5 which gave only 0.205g/grain and did not give high grain yield (7.52
Mg/ha). Ear grain weight is the resultant of both components; ear grain number and grain
weight. So, all what is needed just to multiply their outcome by planting population density to
have grain yield/ha. Kernel size and weight have specific loci in maize (Hao et al 2019) while
Allard (1960) stated that seed weight is the most inherited trait among other traits in plants. In
case of crossing, kernel weight and number could be increased so well in some

Table 3. Means of yield components and grain yield of maize crosses studied.

Cross Ear grain | Grain weight Ear grain | Grain yield
number | number (9) weight (g) (Mg/ha)
1 422.5 0.350 158.0 14.20
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3 479.2 0.279 133.6 10.70
4 215.8 0.385 82.8 6.64
5 459.5 0.205 94.0 7.52
11 336.5 0.312 105.0 8.40
12 470.8 0.237 111.2 8.90
13 304.0 0.280 85.0 6.80
14 336.5 0.255 86.0 6.87
16 368.5 0.221 81.2 6.50
17 318.0 0.275 87.2 6.98
18 497.0 0.217 107.8 8.62
19 434.8 0.336 146.0 9.18
20 497.2 0.312 156.0 12.48
21 533.5 0.285 152.0 12.16
22 308.0 0.320 98.5 7.88
24 369.0 0.330 122.0 9.76
25 482.2 0.320 154.2 12.34
26 461.2 0.335 1545 12.36
27 377.0 0.320 123.8 9.90
LSD 5% | 45.5 0.007 16.0 2.66

elite crosses as found by Elsahookie et al (2020). The problem of climate change and its
impact on crop productivity has been discussed by several

investigators (Westgate et al 2003, Shiferaw et al 2001, Sehgal et al 2018, Takahashi and
Shimozaki 2019 and Lorenzo et al 2019).

Ear grain yield was significantly higher in five crosses; cross number 1 (158.0g/ear), cross
number 20 (156.0g/ear), cross number 26 (154.5g/ear), cross number 25 (154.2g/ear), and
cross number 21 (152.0 g/ear). These five crosses produced higher grain yield as compared to
all other crosses. They produced 14.20, 12.48, 12.36, 12.34, and 12.16 Mg/ha, respectively.
Our breeding program for heat tolerant crosses should focus on the increase of inbred seeds
involved in these elite crosses. The check hybrid Zm60 xZm21(given number 27 in Table 3)
has ranked sixth in grain yield (Mg/ha) after these five crosses. These five crosses were the
most prominent crosses in heat tolerance. Other crosses of less heat tolerance such as those
holding the numbers 3, 24, and 27 are still promising, while the rest of crosses were semi-
tolerant crosses, and those deleted from the table were heat sensitive.

There were too many ideas reported on mechanisms of heat tolerance, and what is happening
under that extreme temperatures. Elsahookie (2013) and, Tiwari and Yadav (2019) reported
the negative effects of high temperature due to ROS production, especially in the chlorophyll.
Several disruptions in cell will take place which lead to cell death. Sehgal et al (2018) stated
that even grain filling will be affected by high temperatures. This idea was confirmed by
Tiwari and Yadav (2019). However, Takahashi and Shimozaki (2019) found that most of heat
stress genes are involved in primary and secondary metabolism, translation, transcription,
regulation, and many other signaling in the plants, including modifications of proteins and
phosphorylation. Probably some could say that tassels produce pollens up to 50 million,
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should we expect all that number of pollens will dry? pollen density to pollinate a plant silk
should be high enough in number to have good seed-set. Westgate et al (2003) estimated the
number of active pollens to pollinate one maize plant silk should not be less than 3000 viable
pollens.

Finally, this research aimed screening some recently developed maize crosses for heat
tolerance. Planting about 10 days earlier than recommended have resulted harvesting at mid-
October. Grain moisture at harvest raged between 18%-25%, while in conventional fall
harvest in Iraq is in December, with grain moisture 30%-40%. Rain season in lraq starts
usually in November-December. Temperatures between 45-55°C at pollination has dramatic
negative effects on pollen viability. So, microgametogeneses has been negatively affected by
that temperature. Some tassels of some crosses did not show any pollens, this could be
attributed to negative heat effect on microsporogenesis too. Reactive oxygen species, starch,
sugars, chlorophyll photosynthesis, DNA damage, and many other metabolisms could be
disrupted by heat. We can conclude that some maize germplasm still have high ability to
tolerate temperatures beyond 50 °C at time of pollination. So, our program will proceed to
propagate inbreds seeds involved in those heat tolerant crosses. Genetic diversity can be
created by breeders from their own adapted inbreds, but it is recommended to cross with
some other geographic regions germplasms to have wider genetic diversity for high
temperature tolerance.
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