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Summary

Of the total products of rice photosynthesis, 50% ~60% were stored in rice straw. Every
year,there are 600 and 200 million tons of rice stem (commonly known as rice straw)regenerated
all over the world and in China respectively, which are almost equal to the production of rice
grain. Nevertheless, rice straw was poor in quality and low in nutrient content. Furthermore,
the semi—cellulose and lignin of straw were tightly combined and mosaicked through ester bond ,
forming physicalincrustation and nutrientenvelopment. Thus the already scanty nutrients were
enveloped inside the straw. This hinders the animal digestive enzymes’ contact with straw
nutrients, and makes it difficult for animals to absorb and utilize straw nutrients.

Facing the severe reality of over-population, land inadequacy and resources shortage, many
researchers at home and abroad have conducted a great deal of research on this great renewable
resource. They primarily attempted to improve rice straw quality through “external factor”
methods, i.e., conducting pretreatments such as physical, chemical, and microbial treatments
etc. , on existing poor quality straw. They expected to improve straw quality, i. e., straw
nutrient content or digestibility. Most pretreatments are either complicated or high in cost or
both. So it is difficult to extend a wide scope of application and lots of straw was abandoned. In
consequence, this results in resource waste and environmental pollution.

As a rice breeder, the author studied the improvement of rice straw quality from ‘internal
factor’. Through genetic breeding method the author bred a new-type of rice variety Grain-
Straw-Dual-Use-Rice (GSDUR). Straw quality of GSDUR was high, and grain yield and rice
quality were equivalent to those of common commercial variety. The integration of “fine variety”
and “effective cultivation” made reality direct utilization of GSDUR straw without any
pretreatments.

This book is divided into four chapters.

Chapter I introduces “ Basic knowledge of rice stem and leaf of growth duration”. After rice
grain maturity the rice stem and leaf are called rice straw, and it is necessary for us to study rice
straw to master the basic knowledge.

[

Chapter Il presents Rice straw quality chemistry ”, which describes the chemical
components, and nutrient ingredients of common rice straws.

Chapter III, “Genetic improvement of rice straw quality”, is the highlight of the book and it
is divided into six sections.

The first section of chapter 111 includes six ‘external factor’ methods at home and abroad for
rice straw quality improvement. (1) physical treatments—mechanic, radiation, thermojet, etc.

(2) chemical treatment—alkalization. (3) chemical treatment—ammonification. (4) microbial
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treatment—special microorganisms. (5) microbial treatment—effective microorganism (EM)
treatment. (6) microbial treatment—silage storing (lactic anaerobic fermentation treatment)

The second section of chapter I1I is “Rice straw quality improvement through cultivating
techniques”, which presented in detail the research results of the author’s research team. Four
cultivating techniques for improving straw quality are () moderate increase of nitrogen fertilizer
conditioned on unaffecting grain yield, @ selectively application of relevant microelement
fertilizers, @) cultivating in proper season, (1) applying silicon fertilizer as little as possible or no
silicon fertilizer at all on condition that grain yield and lodging resistance are unaffected.

The third section of chapter III is “Genetic improvement of rice straw quality I—GSDUR
breeding”. The section first demonstrates the findings of many researchers at home and abroad
including the author that rice types and varieties are different in rice straw quality. Then
introduces GSDUR breeding technique and procedure, including screening rice germplasm of high
straw quality, variation-promoting methods, grain-straw synchronous dual screening method for
variant progeny selection.

The fourth section of chapter 111, “Genetic improvement of rice straw quality II—main
characteristics of GSDUR?”, deals with the following four aspects at length. (1) characteristics of
GSDUR (D ideal plant type, resistance to senility, high photosynthetic efficiency at late stage,
@ special characteristics of nitrogen distribution in plant and high capability of stems and leaves
to assimilate and accumulate exogenous nitrogen at late growth duration, @ weak apical
dominance at late growth duration in nutrient physiology, @ biochemical characteristics of
converting the absorbed nitrogen into amino acids. (2) “grain” and “straw” double high
performance of GSDUR. There are three types in rice varieties: () GRAIN—STRAW—DUAL
—USE—TYPE, which can transit from vegetative growth to reproductive growth under high
nitrogen level. Grain yield and straw nutrient content are high. Crude protein content is high,
existing in the form of amino acids. @) under high N cultivation conditions STRAW — USE —
TYPE, which can not transit from vegetative growth to reproductive growth. Rice plant grows
too greedily, without panicle differentiation or grain yield. Straw is high in crude protein content
and rice plant can be harvested several times for straw use only. 3 MEDIUM TYPE. Rice plant
grows greedily and reluctantly transits from vegetative growth to reproductive growth. Rice
straw is high in crude protein content but percentage of setting of grain and grain yield are low.
(3) Grain yield of GSDUR “201” reaches 450~500 kg/667 m’, and high yield may exceed 550
kg/667 m*. Of ten rice quality indexes, seven, (i, e. » milled rice rate, total milled rice rate,
grain length, gelatinization temperature, gel consistency, amylose content, protein content )
accord with standards of first — level quality rice and three (i. e., ratio of length to width of
grain, chalkiness grain rate, transparence), accord with standards of second — level quality rice.
(4) GSDUR straw quality. By coupling ‘fine variety’ and ‘effective cultivation’, the crude
protein content of GSDUR exceeds 8% (the highest reaching to0 15. 75%), one time higher than
that of common straw. The crude protein of GSDUR mainly exists in rice straw in the form of
amino acids. Other straw chemical components and their digestibility, and mineral element

contents were also covered.
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The fifth section of chapter Il is “Genetic improvement of rice straw quality II-—main
characteristics of GSDUR?”, in which four techniques are included. (1) GSDUR cultivating
technique. (D increasing nitrogen fertilizer moderately, & applying potassium fertilizer as little as
possible, (3 applying relevant microelement fertilizers according to specific varieties and
environmental conditions. (2) GSDUR straw harvesting technique. (3) GSDUR straw storing
technique. (4) GSDUR straw grinding technique.

The sixth section of chapter III, “Research progress of improving rice straw quality by
technique of genetic engineering”, introduces research progress of the author’s research group,
l.e., rice genetic transformation technique, GSDUR high — frequency regenerating system,
genetic transformation of high — lysine gene to GSDUR, genetic transformation of human —
lactoferrin gene to GSDUR, genetic transformation of ipt gene to GSDUR, genetic
transformation pepc gene to GSDUR, genetic transformation of phytase gene to GSDUR

In chapter V, “High—efficiency utilization of GSDUR straw”, the technique and effect of
cultivating edible fungi and feeding animals with GSDUR high—quality straw are covered.

The first section of chapter N, “Cultivating edible fungi with GSDUR straw” concerns the
trophic type of edible fungi and their nutritional needs, and then the technique and effect of
cultivating edible fungi with GSDUR high —quality straw in detail. (D The results of N trace
experiment showed that *N urea could be effectively transformed into straw protein of GSDUR
“201” and the recovery rate of N in the straw of “201” was 104. 3% higher than that of the
CK, @ The straw protein of GSDUR“201” could be effectively transformed into mushroom
protein and the recovery rate of "*N was 21. 7% higher than CK. @ Using the straw of “201” as
material to cultivate straws — rot edible fungi, the yield and crude protein content of mushroom
could be improved. 7.5 tons of straw from one hectare of “201” increased 797. 2 kg yield and
67. 9 kg crude protein of mushroom of Vofvariella volvacea than that of the CK, and increased
675. 0 kg yield and 80. 0 kg crude protein of mushroom of Agricus blazei Murrill than that of the
CK. @ The straw powder of “201” could be used to substitute the same weight of wheat bran to
cultivate lignicolous edible fungi, with no significant difference in terms of the yield and the crude
protein content of mushroom comparing to the wheat bran. 7. 5 tons straw {rom one hectare of
“201” could be used to substitute 7. 5 tons wheat bran. It could be used to substitute 20% of
total amount of material to grow Auricularia polytricha, Auricularia auricula, Hypsizygus
tessulatus, Lentinus edodes and Hericium erinaceus 8% of that to grow Agrocybe cylindracea and
7. 5% of that to grow Flammulina velutipes respectively. &) Because the crude protein content of
“201” straw was high, in order to increase mushroom yield, the cultivating materials must be
adjusted to optimum N/C when using the straw to grow Agaricus bisporus. ® Due to the
alkaline nature of “201” straw, acidic material must be added when using the straw to cultivate
Lentinus edodes and Hericium erinaceus.

The second section of chapter Iv introduces “Feeding animals with GSDUR high —quality
straw”. The section first covers nutritional needs and the nutrients functions in animals, and
then the technique and effect of feeding animals with GSDUR high —quality straw in detail. ®©

s . o .
N tracing results showed that the protein in “201” rice straw could be effectively transformed
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into fish body protein and white mouse body protein, and that feeding grass carp with “201” rice
straw, the digestibility of feed, the *N recovery rate of animal body, the absorption of feed
protein were 13. 8%, 9. 6%, 24. 32% higher, and that feeding white mouse with “201” rice
straw, the digestibility of feed, the '°N recovery rate of animal body, the absorption of feed
protein were 16.5%, 6. 0%, 47. 2% higher, whereas the *N recovery rates of animal manure
were 3. 46%, 7. 0% lower than those of common rice straw, respectively. @ Feeding meat
cattle with the same concentrate and forage under identical management conditions, GSDUR
could increase cattle daily weight gain by 120. Og, and on average meat cattle weight gain
increased 12. 2%, compared with ammonified straw. 7. 5 tons of GSDUR straw per hectare
increased 184. Okg meat cattle weight gain. @) Feeding dairy cattle with high quality GSDUR
straw, the dairy yield increased by 8. 3%, compared with common straw. 7.5 tons of dry
GSDUR straw per hectare increased yield of milk by 843. 8kg; @ Feeding grass carp three
indexes, i.e. , fish daily weight gain, straw—eating amount of grass carp, fish weight gain per
kg fresh rice straw, increased by 60. 0%, 16. 8%, and 37. 0%, respectively. 25. 0 tons of fresh
GSDUR straw per hectare increased fish yield by 297. 5 kg; compared with common straw. &)
Feeding white geese with GSDUR straw as the main raw material of the compound feed, the
goose daily weight gain and feed meat ratio increased by 33.9% and 26. 8%, respectiv;é]}.\' 7.5
tons of GSDUR rice straw from one hectare of GSDUR increased geese weight by 2358. 0 kg,
compared with common straw. &) Feeding cross pigs with GSDUR straw powder substituting
for wheat bran which made up of 5% full rate compound feed, could save 0. 11 kg fine fodder per

kg increase of cross pig weight.
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